
ak
us

he
r-li

b.r
u



Rare and Uncommon Gynecological Cancers

ak
us

he
r-li

b.r
u



Nicholas Reed  •  John Alan Green
David M. Gershenson  •  Nadeem Siddiqui
Rachel Connor
(Editors)

Rare and Uncommon 
Gynecological Cancers

A Clinical Guide

ak
us

he
r-li

b.r
u



Editors
Nicholas Reed
Beatson Oncology Centre 
Gartnavel General Hospital 
1053 Great Western Road
Glasgow  G12 0YN
UK
nick.reed@ggc.scot.nhs.uk

John Alan Green
School of Cancer Studies
University of Liverpool
Liverpool L69 3BX
UK
j.a.green@liverpool.ac.uk

David M. Gershenson 
Department of Gynecologic Oncology 
The University of Texas  
M.D. Anderson Cancer Center  
P.O. Box 301439 
Houston, TX 77230-1439 
USA 
dgershen@mdanderson.org

Nadeem Siddiqui
Department of Gynaecological Oncology 
Glasgow Royal Infirmary, 84 Castle Street
Glasgow G4 0SF
UK
nadeem.siddiqui@ggc.scot.nhs.uk

Rachel Connor 
Department of Radiology
Victoria Infirmary, Langside Road
Glasgow G42 9TY 
UK 
rachel.connor@ggc.scot.nhs.uk

ISBN  978-3-642-13491-3	 e-ISBN  978-3-642-13492-0
DOI  10.1007/978-3-642-13492-0
Springer Heidelberg Dordrecht London New York

Library of Congress Control Number: 2010933609

© Springer-Verlag Berlin Heidelberg 2011
This work is subject to copyright. All rights are reserved, whether the whole or part of the material is 
concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation, broadcasting, 
reproduction on microfilm or in any other way, and storage in data banks. Duplication of this publication 
or parts thereof is permitted only under the provisions of the German Copyright Law of September 9, 1965, 
in its current version, and permission for use must always be obtained from Springer. Violations are liable 
to prosecution under the German Copyright Law.
The use of general descriptive names, registered names, trademarks, etc. in this publication does not imply, 
even in the absence of a specific statement, that such names are exempt from the relevant protective laws 
and regulations and therefore free for general use.
Product liability: The publishers cannot guarantee the accuracy of any information about dosage and appli-
cation contained in this book. In every individual case the user must check such information by consulting 
the relevant literature.

Cover design: eStudio Calamor, Figueres/Berlin

Printed on acid-free paper

Springer is part of Springer Science+Business Media (www.springer.com)

ak
us

he
r-li

b.r
u



ak
us

he
r-li

b.r
u



	 v

Part I  General Principles

  1	 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                               	 3
Nicholas Reed 

  2	 Epidemiology and Databases . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                  	 7
Nicholas Reed 

  3	 Rare and Uncommon Gynaecological Cancers: A Clinical Guide . . . .    	 11
W. Glenn McCluggage and David Millan 

  4	 The Contribution of Diagnostic Imaging in Rare Gynaecological 
Malignancies  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                               	 15
Rachel Connor 

Part II  Ovarian Rare Cancers

  5	 Mucinous Cancers: Ovary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                    	 67
Jonathan A. Ledermann and Fharat A. Raja 

  6	 Pseudomyxoma Peritonei . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                     	 75
Faheez Mohamed and Brendan J. Moran 

  7	 Ovarian Clear Cell Carcinoma  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                	 83
Amy Ford and John A. Green 

  8	 Clear Cell Carcinoma of the Ovary . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                            	 91
Toru Sugiyama and Hiroshi Tsuda 

  9	 The Continuum of Serous Ovarian Tumors of Low Malignant  
Potential and Low-Grade Serous Carcinoma of the Ovary  . . . . . . . . .         	 105
David M. Gershenson 

10	 Sex Cord-Stromal Tumors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                    	 113
Jubilee Brown and David M. Gershenson 

Contents

ak
us

he
r-li

b.r
u



vi� Contents

11	 Squamous Cell Carcinomas Arising From Dermoids . . . . . . . . . . . . . .              	 131
M. Corona Gainford and Michael Friedlander 

12	 Ovarian Carcinosarcomas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                    	 135
Nicholas Reed 

13	 Small Cell and Neuroendocrine Cancers of the Ovary . . . . . . . . . . . . .             	 143
Nicholas Reed 

14	 Primary Ovarian Carcinoids and Neuro-Endocrine  
Tumours Including Struma Ovarii . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                             	 149
Nicholas Reed 

Part III  Uterine Rare Cancers

15	 Reed Uterine Carcinosarcomas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                	 157
Nicholas Reed 

16	 Leiomyosarcomas of Uterus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                   	 169
Nicholas Reed 

17	 Mucinous Tumours of the Uterine Corpus . . . . . . . . . . . . . . . . . . . . . . .                       	 181
Nicholas Reed 

18	 Clear Cell Cancers of Uterus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                  	 183
Nicholas Reed 

Part IV  Cervix and Vulval Cancers

19	 Small Cell and Neuroendocrine Cancers of the Cervix . . . . . . . . . . . . .            	 195
Nicholas Reed 

20	 Primary Malignant Melanoma of the Vulva and Vagina  . . . . . . . . . . .           	 203
Catriona Hardie and Nadeem Siddiqui 

21	 Gynecologic Cancers in Pregnancy: Guidelines of an International 
Consensus Meeting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                          	 209
Frédéric Amant, Kristel Van Calsteren, M.J. Halaska, J. Beijnen,  
L. Lagae, M. Hanssens, L. Heyns, L. Lannoo, P. Ottevanger,  
W. Van den Bogaert, L. Ungar, I. Vergote, and A. du Bois 

Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                         	 229ak
us

he
r-li

b.r
u



Part

General Principles
I

ak
us

he
r-li

b.r
u



ak
us

he
r-li

b.r
u



3N. Reed et al. (eds.), Rare and Uncommon Gynecological Cancers,�  
DOI: 10.1007/978-3-642-13492-0_1, © Springer-Verlag Berlin Heidelberg 2011

1.1 � Rationale for the Textbook

Do we need another textbook? Yes – this is an area that 
has been neglected and we believe we fill a void. It is 
not easy to find this kind of information in the standard 
textbooks. Rare conditions generally attract a dispro-
portionate amount of interest compared to their rarity. 
Perhaps this is because unusual cases generate addi-
tional interest and also reflects the fact that for many of 
us, this presents a distraction from the humdrum of 
routine care where we are forced to think and seek out 
information. Rare editions of books, art or music attract 
collectors, perhaps for the same reasons. Nevertheless 
it is important when we are dealing with rare and 
uncommon disorders that we apply the highest stan-
dards. Many would argue that because of their rarity 
these conditions should be looked after by specialist 
teams. This allows a smaller number of expert teams to 
develop real expertise in this field. Furthermore, it 
would seem sensible to propose that there is a degree 
of centralisation of care for these conditions. Protocols 
for shared care may be developed in parallel and there 
are good examples available to follow such as in gesta-
tional trophoblastic tumours.

Why is there a need for such a book as this? The 
main rationale for the book is to provide the reader 
with some guidance on how best to manage these 
patients with rare and uncommon cancers. Access to 
information on these rare cancers can be difficult even 
in our modern age of rapid electronic communications 
and electronic repositories of information. Standard 

textbooks often contain little information apart from 
descriptive pathology. One can often find a wealth of 
information on the histopathology as pathologists usu-
ally cross-refer to each other and the main centres may 
develop an expertise in reviewing and reporting these 
cancers. However, for many of these conditions, mod-
ern and constructive management advice is hard to 
find. Surgeons and oncologists are not so good as 
pathologists in networking traditionally, although 
informal networks and “phone-a friend” may be car-
ried out. Modern medical practice is breaking down 
these barriers. A book like this cannot be too proscrip-
tive as there is often not the information available to 
allow such an approach, but our expert authors are rec-
ognised specialists in their field and have produced 
authoritative guidance on how to interpret the available 
literature. We cannot produce specific protocols for 
most situations but can guide the readers through the 
published literature and hopefully allow them to draw 
the right conclusions and apply them to their practice.

Of course the greatest weakness is that virtually 
from the moment the author completes the chapter, it is 
in danger of obsolescence as a new paper is published. 
However, with rare conditions this may be less of a 
risk and developments tend to occur more slowly as 
cases are so few, but occasional dramatic breakthroughs 
are seen such as the treatment of GIST with imatinib.

In this book we aim to review most of the relatively 
uncommon and rare gynaecological cancers. We can-
not cover everything and if we are able to run to a sec-
ond edition, maybe readers can provide suggestions to 
include what is missing! It is probably not realistic to 
include conditions where only a handful of anecdotes 
have been recorded in the literature. Ironically, it does 
seem that there are quite a number of these rare condi-
tions in the gynaecological oncology area. Perhaps this 
reflects the fact that we are dealing with several 
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4 N. Reed

different organs and although many of them are thought 
to be of Mullerian tract origin they do develop in 
diverse ways. The major omission from the book is 
paediatric cancers as these are covered by other texts, 
but there will be an overlap with some cancers of ado-
lescence which we have hopefully addressed. Maybe 
this is another chapter we can discuss with the publish-
ers if we run to a second edition. Publishing is evolv-
ing very rapidly and electronic communication will 
predominate in the near future, so a series of e-appendices 
might be an option to consider.

1.2 � Multidisciplinary Team 
Management

These conditions are best looked after by multidisci-
plinary teams so that there is the opportunity for sur-
geons and radiation and medical oncologists working 
with dedicated and specialist pathologists and radiolo-
gists to care for these patients. This will allow the best 
opportunity for the highest standards of care to be 
developed. In the United Kingdom we have further 
reinforced this by using Clinical Networks where 
agreed protocols and patterns of care are developed. 
Clinical Networks will bring together all the relevant 
disciplines in the field to work together and use agreed 
clinical protocols. In addition, data collection, registra-
tion and audit are key components to allow comparison 
with other networks as well as international compari-
sons of standards of care and outcome. Comprehensive 
cancer centres with multidisciplinary teams should be 
able to offer these same high standards.

1.3 � Structure of the Book

We have attempted in this book to start with introduc-
tory chapters to cover broad topics. We had a dilemma 
in the subsequent chapters as to whether we would 
take each individual rare tumour in each individual 
organ or whether it would be better to group together 
the same histological types, and bring together the 
same pathological groups in one chapter. After much 
discussion and debate we have opted to use a patho-
logically oriented approach by putting together similar 

pathological types. This latter approach was chosen as 
it seemed to be more comprehensive. There are prob-
ably strong similarities between clear cell tumours of 
the ovary and uterus and it is better to consider them in 
this way. The chapters will highlight some of the dif-
ferences that may be apparent.

We have tried not only to emphasise both the clinical 
and diagnostic issues but also to illustrate, where pos-
sible, some of the exciting new translational techniques 
and molecular pathways that are emerging. Exciting 
clues that are emerging from these molecular pathways 
may allow us to establish new treatments. A really excit-
ing feature is the excellent review of imaging, which is 
as important as pathology. Working in centres which 
have developed expertise in pathology and imaging is 
essential to support the practising oncologists.

1.4 � Databases, Registries 
and Tumour Banks

It is essential that we learn more about these tumours. 
One of the first apparent weaknesses in investigating 
the topic is the lack of real data. Thus, how rare is rare? 
Let us not get bogged down in a debate about actual 
numbers. Some diseases that are uncommon are given 
“orphan status” and this will apply to many of the 
tumours described here. Thus, one of the first priorities 
must be to set up reliable and accurate databases and 
registries. National cancer databases are often unreli-
able due to poor and incomplete recording and coding. 
Regional and national networks are ideally placed to 
capture and record this data. From this we may build a 
picture of the real size of the problem. Pathology reg-
isters are another valuable resource given that rare can-
cers do tend to get shown around, but we must be 
cautious about potential double counting!

Equally important is access to tissue and serum to 
allow clinical researchers and clinical scientists to 
expand our knowledge. Whilst tumour banks are 
immensely valuable resources, the creation of virtual 
tumour banks with modern IT has made this much eas-
ier. Thus, tracking of specimens and tissues can speed 
up new technological developments and registries 
should facilitate both of these functions. Our French 
colleagues have led the game with their “Observatoire 
National des Tumeurs Malignes Rares de l’Ovaire” 
(http://ovaire-rare.org/). These initiatives need to be 
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51  Introduction

replicated around the world and then linked up. The 
Gynaecological cancer InterGroup (GCIG) had tried to 
do this previously but failed mainly due to concerns 
over secure transfer of confidential data. By doing it 
nationally many of these issues should be overcome.

1.5 � Clinical Trials

It is extremely challenging to run clinical trials in this 
setting and it is usually left to local champions to pur-
sue this. The attitude of “why should I bother to go to 
all the trouble of putting through Ethics/IRB” is under-
standable when only one or two patients may be seen 
and their data entered. We need to rethink our approach 
to clinical trials in rare diseases; it is of course not just 
an oncology issue. In Europe, the misguided EU 
Clinical trials directive has backfired by stifling aca-
demic research and this particularly applies to rare 
cancers where pharmaceutical company-sponsored 
studies are uncommon and investigator-led studies 
predominate. We need to think creatively by looking at 
groups of rare tumour studies being submitted and 
approved together. Thankfully, there are still motivated 
and committed enthusiasts out there willing to make 
the effort to develop trials.

1.6 � Tumour Sub-Types

It is becoming apparent that tumour sub-types maybe 
highly relevant. In the Western world clear cell and 
mucinous ovarian cancers make up around 5% of ovar-
ian cancer cases; however their biology is different and 
their response to treatment, especially for mucinous 
tumours, is distinct. New trials are being developed 
specifically for these tumour types. It is possible that 
similar developments will occur with uterine cancers. 

Equally we are recognising that many sarcomas of 
ovary and uterus are not sarcomas; so, paradoxically, 
they may be included with epithelial cancers. Once 
again the role of the specialist pathologist becomes 
crucial to management.

1.7 � Guidelines vs. Protocols

Given this sort of format we cannot produce protocols 
for clinical use, partly for medico-legal reasons but also 
because they would be outdated within a year or two. 
However, we can provide guidelines or simply guid-
ance in the sense that they will help to direct the clini-
cian to sources of references and the kind of approaches 
needed for management. However, the Cancer Networks 
and Comprehensive Cancer Centres should be develop-
ing their own or network-agreed protocols for care. If 
we cannot develop clinical trials, then we should try 
and coordinate care to try and treat rare diseases in a 
consistent manner and thus allow some useful data that 
can be used to develop new protocols.

We hope that this book will be useful as a handy 
reference for teachers, trainers and trainees. We run the 
risk that the book may become obsolescent fairly 
quickly but producing it in this format, we hope that it 
will be suitable to update it and maybe even produce 
an online edition that can be adapted for changes more 
readily. We have attempted to be as comprehensive as 
possible in our coverage; everybody will have their 
own definition of a rare and uncommon cancer and 
doubtless we will have omitted somebody’s favourite 
rare tumour. Nevertheless, we hope that with the range 
of tumour types and histologies that we have covered, 
we have addressed most of the common issues that 
will arise. We hope readers will find this a valuable and 
useful resource, but the editors would also be receptive 
to feedback from readers so that we can adapt this if 
we come to a second or subsequent edition.ak
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There can often be confusion as to what we mean by 
rare or uncommon and whilst the dictionary may give 
a definition of what is meant by rare or uncommon, we 
have to take into account a number of modifying fac-
tors. These include the kind of practice that is run, the 
local geography, the part of the world where we work 
and local politics and arrangements. For example, clear 
cell cancers of the ovary are considered to be relatively 
uncommon in the Western world, accounting for only 
3–5% of ovarian cancers, and yet in the Far East they 
may account for 15–20%. There are other examples 
where there are variations in the frequency of a condi-
tion on a global basis. From a different standpoint, an 
individual working in a small district cancer hospital 
seeing only 1,000 or 1,500 new cancers a year will see 
very few rare conditions, and yet those of us who work 
in major supra-regional or comprehensive cancer ser-
vices will see a reasonable number of these so-called 
uncommon and rare cancers. Thus it is all relative to 
the kind of practice in which we work. In the introduc-
tory chapter we have already made reference to the 
fact that it may be argued that concentration of the care 
of these rare and uncommon cancers should be in the 
hands of a smaller number of regional or supra-regional 
centres, but of course there can be opportunities for 
shared care and networking between the smaller dis-
trict hospital and the regional cancer centre. There is 
no “one size fits all” and it will be determined by local 
arrangements.

It is probably helpful at this point in time to list 
many of the types of tumours that we are discussing in 
this book. Firstly we are focusing on tumours of the 
ovary, uterine corpus, uterine cervix, vagina and vulva. 
We are concentrating mainly on tumours such as 
mucinous tumours, clear cell cancers, neuroendocrine 
tumours, sarcomas and sex cord and stromal tumours. 
Other less common cancers include serous uterine 
cancers, squamous cancers arising in ovarian dermoid 
tumours and melanomas of the vulva and vagina. We 
also cover uncommon situations like high grade bor-
derline cancers which are worthy of merit not only 
because of their clinical infrequency but also because 
of their different biological behaviour. Fallopian tube 
cancers have not been specifically included as they are 
considered to be similar to ovarian cancers, and a 
recent provocative paper has suggested that Fallopian 
tube cancers may be the “mother of gynaecological 
epithelial tumours”. Given the strong similarity 
between serous epithelial ovarian and tubal cancers, 
there is no attempt to distinguish them. The topic of 
gynaecological cancers arising in pregnancy is also a 
challenging one and we are fortunate to be able to 
include a chapter from the team based in Leuven who 
have been addressing this important topic. We also are 
pleased to be covering the controversial topic of 
pseudomyxoma peritonei (PMP). In the UK we have 
developed a National Service in Basingstoke and the 
chapter has been written by their team.

What has been omitted? We have not covered some 
important areas such as gestational trophoblastic tumours 
and germ cell cancers mainly because the management 
of these is usually relatively straightforward and there 
are already well established referral pathways and guide-
lines for centralisation of care.
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8 N. Reed

2.1 � Rare and Uncommon 
Gynaecological Cancers

We have already alluded to the difficulties in trying to 
define a rare or uncommon cancer and one of the chal-
lenges is trying to establish just how infrequent these 
tumours are. Cancer registers are very variable in their 
quality around the world but often reflect the quality of 
the data recorded at the time of initial diagnosis, and par-
ticularly for rare tumours the subsequent management 
and review of the case may indicate that we are dealing 
with a different final diagnosis. This revised diagnosis is 
unlikely to be routinely picked up by cancer registries. 
Internationally, there is huge variation in the way that this 
data is collected and one of the issues that we would like 
to address is the setting up of formal registries for these 
rare tumours. The Gynaecological Cancer Intergroup 
(GCIG) attempted an initiative a few years ago to try and 
set up a web-based register but unfortunately this fal-
tered, mainly because of issues of how to deal with con-
fidentiality and security. Transferring data globally 
presents major challenges and many felt that this was not 
securely achievable at present. However, other initiatives 
have shown that this can be done at least within a nation. 
The presentation at ESMO 2007 by Isabel Ray-Coquard 
on behalf of the French Rare Tumour Registry has shown 
how this can be done working within one nation and 
using a defined framework. The reader is referred to their 
website http://ovaire-rare.org/. Although this was set up 
partly to provide advice on the management of these rare 
cancers it has led the way forward in establishing how to 
collect data on these rare cancers.

The GCIG Rare Tumour Working Group has tried 
to lead the way in resolving how to overcome the chal-
lenges of setting up these databases internationally. 
One initiative would be to have a series of national reg-
istries and databases which could then be linked once 
the data had been suitably anonymised. However, to do 
this it would be necessary to have a common dataset. 
This could be in the format of a core dataset where the 
basic registration details with some form of unique 
identifier are kept. We would then have add-on mod-
ules in which we would collect specific details for the 
specific tumour types.

The benefits of this kind of registry are not simply 
that we would be able to collect data on the frequency 
of these tumours and establish whether they are truly 
rare or uncommon, but also that we could have a fan-
tastic valuable resource for clinicians and scientists 

wanting to develop clinical research or translational 
studies in these areas. Using virtual tumour and serum 
banks we do not necessarily need to have tissues and 
serum flying round the world but can use identifiable 
tagging processes. We must use every opportunity to 
take advantage of modern technologies and these kinds 
of initiatives will hopefully lead the way in developing 
and progressing care.

We can also see whether, over the course of time, 
there are changes in patterns of disease. For example, 
uterine sarcomas were considered to be very uncommon 
tumours and yet, more recently, carcinosarcomas have 
become more frequently documented. Is this a genu-
inely increasing incidence or is this better recognition 
by pathologists using modern immunocytochemical 
techniques? For example, is the incidence changing due 
to exogenous oestrogens and use of tamoxifen for breast 
cancer? These kinds of issues can be addressed. We 
have to work together but the modern world is getting 
smaller and smaller due to the expanding use of elec-
tronic technologies. Many of the so-called Third World 
or low-income countries now have access to technology 
to match those of us in the Western world and no longer 
need to be excluded from these initiatives.

2.2 � Definition: What is Rare?

There can often be confusion as to what we mean by 
rare or uncommon and whilst the dictionary may give 
a definition of what is meant by rare or uncommon we 
have to take into account a number of factors.

How do we define rare? Is there a simple definition? 
One definition is “few in number and widely separated 
from each other (in space or time)” and another is “of a 
kind, class or description seldom found, met with or 
occurring: unusual, uncommon, exceptional”. This does 
not help as no numbers are given and it has already been 
commented that what is rare in a small centre may be 
seen more often in a big centre. Recently the National 
Institute of Health and Clinical Excellence (NICE) in 
the UK suggested that a cancer with less than 7,000 
cases per annum would be proposed as uncommon. 
This would be considered generous by most standards 
and many intermediate incidence cancers like renal and 
oesophagus would be included. A reasonable proposal 
might to be to suggest fewer than 50 cases per million 
population but the author has never seen such a figure 
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92  Epidemiology and Databases

proposed and we have to start somewhere! This will 
include virtually all of the cancers listed below.

What kinds of examples can we consider? Listed 
below are some of the other rarer cancers.

2.3 � Examples of Rare 
and Uncommon Cancers

Ophthalmic cancers•	
Thyroid cancers•	
Neuroendocrine cancers•	
Soft Tissue and Bone sarcomas•	
Brain and CNS cancers•	

However, we are looking often at subsets of the more 
common gynaecological cancers as well as the rarer 
types; these have been listed below.

Sub-sets of commoner gynaecological cancers•	
Small cell and neuroendocrine cancers−−
Clear cell cancers−−
Mucinous cancers−−
Serous endometrial cancers−−
Sarcomas/carcinosarcomas−−
Sex cord tumours−−

Having thus set the scene, it is now time for the reader 
to review the contents and it is to be hoped that we have 

done our best to address most of the issues likely to be 
raised. In the next section of the book we have brought 
together all the rarer types into sections as listed, but 
we recognise that there are differences between some 
of the tumour types. In each section we have attempted 
to have a template format of epidemiology, diagnosis, 
imaging and treatment with particular emphasis on the 
multi-modality and multi-disciplinary treatments. It 
will be noticed that the chapters and sections vary in 
their detail, but this reflects the amount of information 
that is known about a condition and the degree of con-
troversy about their management and care. We have 
attempted to include not just the clinical aspects but the 
molecular pathology and the associated biomarkers as 
appropriate.

Whilst we accept that there are differences between 
mucinous or clear cell cancers within the ovary, uterus 
and cervix, it is felt that this commonality of approach 
is justifiable because there are similarities in their aeti-
ology and in their clinical behaviour. The increasing 
use of molecular markers to diagnose tumours has 
indicated that the pathways to cancer development 
may be similar. This is increasingly being reflected in 
the use of cell signalling pathway inhibitors as part of 
the therapeutic armamentarium. It is very likely that  
by the time the book is published, our knowledge will 
have leapt further forward, but nevertheless, we hope 
that this is an accurate reflection of the state of the art 
at the time of writing.
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3.1 � Pathology

The female genital tract, comprising the vulva, vagina, 
uterine cervix and corpus, fallopian tubes and ovaries, 
as well as the pelvic peritoneum as part of the second-
ary Mullerian system, is characterised by the occur-
rence of a greater range of tumour types than any other 
organ system in the body. This is especially so in the 
ovary where numerous diverse tumours, benign and 
malignant, occur. There are three main groups of pri-
mary ovarian neoplasm comprising tumours in the sur-
face epithelial-stromal, germ cell and sex cord-stromal 
categories (Table 3.1) [1]. Within each of these catego-
ries, several rare and uncommon tumour types exist. 
Metastatic tumours are also quite common in the ovary. 
Clinical correlation is of great importance in the recog-
nition of rare tumour types; for example, the occur-
rence of hypercalcaemia in a young woman with a 
small, round blue cell ovarian tumour assists in estab-
lishing the diagnosis of a small cell carcinoma of 
hypercalcaemic type.

It is beyond the scope of this chapter to describe in 
detail the pathological features of the many individual 
tumours, but a few general points are made. The first is 
that generous sampling by the pathologist with the 
examination of multiple tissue blocks may assist in his-
tologically problematic cases by revealing more diag-
nostic areas. For example, primary neuroendocrine 
carcinomas within the ovary may be associated with a 

component of usual surface epithelial-stromal tumour 
and generous sampling may reveal such areas, provid-
ing strong evidence that the neuroendocrine carcinoma 
represents a primary ovarian neoplasm rather than a 
metastasis from elsewhere. Careful sampling may also 
assist in cases in which a particular tumour is closely 
mimicked by another neoplasm. For example, some 
ovarian endometrioid adenocarcinomas may closely 
mimic a sex cord-stromal tumour, such as a granulosa 
cell tumour or a Sertoli cell tumour. Generous sampling 
may reveal areas of more typical endometrioid adeno-
carcinoma or foci of squamous differentiation or endo-
metriosis, all of these features in this diagnostic dilemma 
being characteristic of an endometrioid neoplasm. 
Sampling may also help to identify mixed neoplasms; 
for example, in the uterus, mixed endometrioid and 
serous carcinomas are not rare and extensive sampling 
may reveal a minor component of a particular tumour 
type. If the minor component constitutes a more aggres-
sive neoplastic type, this may be therapeutically and 
prognostically important. Sampling is also particularly 
important in primary ovarian mucinous neoplasms. 
These are typically extremely large neoplasms with a 
heterogeneous admixture of benign, borderline and 
malignant elements. If not adequately sampled, a small 
area of invasive carcinoma may be potentially missed 
which may have an adverse effect on the outcome. 
Additional sampling can be carried out subsequently 
after the first set of slides have been examined, if these 
reveal a borderline mucinous tumour at the upper end of 
the spectrum with intraepithelial carcinoma.

Given the wide range of potential tumours in the 
female genital tract, some of which are extremely rare 
such that an individual pathologist may not see a par-
ticular neoplasm in his or her lifetime, it may be useful 
to seek a specialist opinion. This has the added advan-
tage of resulting in accrual of case series of unusual 
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neoplasms where clinical information and pathologi-
cal features can be documented. It is in this way that 
new entities are described and significant new infor-
mation emerges regarding uncommon neoplasms.

Immunohistochemistry has contributed significantly 
in recent years as an aid to diagnosis in the field of 
gynaecological neoplasia and several reviews are avail-
able on this subject [2–6]. There are many scenarios in 
which immunohistochemistry may be extremely use-
ful, including in the diagnosis of rare and uncommon 
ovarian neoplasms. For example, new markers of ovar-
ian sex cord-stromal tumours have been described, 
including inhibin, calretinin and CD56 [7–9]. These 
markers may be of value in confirmation of a sex cord-
stromal neoplasm and in excluding other neoplasms. It 
has been already pointed out that it may be difficult to 
distinguish a sex cord-stromal tumour from an endo-
metrioid adenocarcinoma and the aforementioned sex 
cord markers may be useful in conjunction with epithe-
lial markers, such as epithelial membrane antigen 
(EMA) and cytokeratin 7, which are positive in endo-
metrioid neoplasms and negative in sex cord-stromal 
tumours. Immunohistochemistry has also been of value 
in helping to confirm that in pseudomyxoma peritonei, 
the appendix is usually the site of the primary tumour 
and the coexistent ovarian mucinous neoplasm is due 
to spread from the appendix; differential cytokeratin 
staining has shown that the mucinous epithelium in the 
appendiceal, peritoneal and ovarian neoplasms is CK20 
positive and CK7 negative, in keeping with a large 
intestinal phenotype [10]. These markers, in conjunc-
tion with others, such as CA125, CA19.9, CEA, CDX2, 
TTF1 and hormone receptors, may also be of value in 
diagnosing metastatic adenocarcinomas within the 
ovary and in determining the primary site in an adeno-
carcinoma of unknown origin. They may also be used 
in cytology specimens, for example, peritoneal and 
pleural fluids. Neuroendocrine markers (chromogra-
nin, synaptophysin, PGP9.5, CD56) are of value in 
confirmation of a neuroendocrine neoplasm and mel-
anocytic markers (S100, melan A, HMB45) in the 
diagnosis of malignant melanoma. Other markers use-
ful in a diagnostic setting in gynaecological pathology 

include WT1, which is positive in most ovarian, tubal 
and peritoneal serous carcinomas [11, 12]. Interestingly, 
this marker is usually, although not always, negative in 
uterine serous carcinomas and this may be helpful in 
ascertaining the site of origin of a disseminated serous 
carcinoma [13]. p16 is a useful surrogate marker in the 
cervix of the presence of high-risk human papillomavi-
rus (HPV) [14]. HPV-related cervical neoplasms, 
including squamous carcinomas, adenocarcinomas and 
neuroendocrine carcinomas, are usually diffusely posi-
tive. However, some non-HPV-related tumours, such 
as serous carcinomas of the ovary and uterus and uter-
ine leiomyosarcomas, may be p16 positive [15–17].

A few general points are made regarding the use of 
immunohistochemical markers in a diagnostic setting. 
The first is that immunohistochemistry is used as an 
adjunct to pathological examination and that the results 
should always be interpreted in the light of the gross 
pathological and morphological features; consideration 
of the clinical scenario and imaging findings may also 
be of value. A panel of markers should always be chosen 
and this should be focused depending on the differential 
diagnosis under consideration. In general, markers 
should be chosen which are expected to be positive and 
negative in the various neoplasms considered in the dif-
ferential diagnosis. It is stressed that no marker is spe-
cific for any given tumour, and as experience with many 
markers increases, they are often found to be less spe-
cific than was originally thought. One example of this 
is  the recent demonstration that thyroid transcription 
factor 1 (TTF1), which was considered to be a relatively 
specific marker of pulmonary and thyroid neoplasms, 
has now been shown to be positive in some gynaecologi-
cal adenocarcinomas [18, 19]. Thus, there is always the 
possibility of unexpected positive and negative staining 
reactions and the pathologist needs to be aware of this.

In general, immunohistochemistry is most valu-
able and used most often in a diagnostic setting and, 
as yet, in the field of gynaecological pathology there 
are few markers which are of value in a prognostic or 
predictive sense. However, it is anticipated that this 
will change in the future and that large studies will 
identify markers of prognostic or predictive value in a 
particular tumour type. It is also anticipated that tar-
geted therapies will be developed against specific pro-
teins, the presence of which will be demonstrated on 
tissue sections of neoplasms using immunohistochem-
istry. Immunohistochemistry is already used in certain 
scenarios in a therapeutic sense. For example, the 

Surface epithelial-stromal

Germ cell

Sex cord-stromal

Table 3.1  Three main groups of primary ovarian neoplasm
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demonstration of hormone receptor (oestrogen recep-
tor and progesterone receptor) positivity in a recurrent 
or metastatic gynaecological neoplasm may be used 
to predict a response to hormonal agents, such as 
gonadotropin releasing hormone agonists.

Currently, molecular pathology has a relatively 
minor role in the broad field of diagnostic gynaecolog-
ical pathology. Identification of HPV types by poly-
merase chain reaction (PCR) can now be done with 
relative ease. This can be used to confirm an HPV-
related neoplasm. For example, in a metastatic ade-
nocarcinoma, the identification of HPV is helpful in 
pointing to the cervix as the site of origin. HPV studies 
may also be useful in the sometimes problematic dis-
tinction between an endometrial and an endocervical 
adenocarcinoma. HPV studies have also assisted in 
establishing that two distinct types of vulval squamous 
carcinoma exist, a non-HPV-related squamous car-
cinoma, usually of keratinising type, and  an HPV-
related type, usually with basaloid morphology [20]. 
Molecular studies have also demonstrated character-
istic genetic abnormalities in different tumour types 
and this has been paramount in establishing the his-
togenesis of various neoplasms. As an example, high-
grade serous carcinomas in the uterus and ovary have 
been demonstrated to consistently harbour p53 muta-
tions, while endometrioid adenocarcinomas arising in 
the same organs not uncommonly exhibit microsatel-
lite instability and mutations in beta catenin, k-RAS, 
PIK3CA and PTEN genes [21]. Molecular studies 
have also been instrumental in demonstrating that 
there are two distinct types of ovarian serous carci-
noma, termed low-grade and high-grade serous carci-
noma [22, 23]; these are two different neoplastic types 
rather than high-grade and low-grade variants of the 
same neoplasm. The much more common high-grade 
ovarian serous carcinomas are characterised by p53 
mutations and BRCA1 and BRCA2 abnormalities, 
while low-grade serous carcinomas are characterised 
by k-RAS and BRAF mutations. The demonstration 
of identical p53 mutations in the epithelial and mesen-
chymal components of carcinosarcomas has helped to 
confirm that these are monoclonal neoplasms and, in 
effect, carcinomas with sarcomatous metaplasia rather 
than collision tumours [24, 25]. Some gynaecological 
tumours have relatively specific chromosomal trans-
locations. For example, many endometrial stromal 
sarcomas (low-grade endometrial stromal sarcomas) 
harbour a characteristic chromosomal translocation  

t (7; 17) (p15; q21), which results in the JAZF1-JJAZ1 
gene fusion product [26]. This may be useful in the 
diagnosis of problematic cases and in the exclusion of 
other neoplasms.

The establishment of carefully regulated and funded 
tissue banks is vitally important both in common 
tumour types and in unusual gynaecological neo-
plasms. Such tissue banks will enable the procurement 
of significant numbers of uncommon neoplasms by 
combining samples from different banks. This will 
facilitate future research into biomarkers and molecu-
lar markers of use in a diagnostic setting as well as in 
a predictive or prognostic sense.
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4.1 � Introduction

The goal of imaging at initial patient presentation is 
to pre-operatively predict gynaecological malignancy, 
potentially identify a tumour type and to provide appro-
priate staging information which will influence man-
agement and likely inform patient prognosis. Following 
treatment, imaging allows assessment of response and 
differentiation of potential relapse from treatment 
related complications. The identification of localised 
relapse, before it is clinically apparent, has the potential 
to offer selected patients a chance of curative salvage 
therapy.

Unfortunately, many gynaecological tumours are 
too rare to provide an evidence base for reliable, spe-
cific predictive imaging information. Some tumours 
will be characterised by particularly aggressive or 
unusual behaviour and for these tumours, modifying 
either initial investigation or a follow-up imaging strat-
egy can be helpful.

Radiology has embraced major advances in tech-
nology with developments within the modalities of 
ultrasound, CT, MRI, CT/PET and nuclear medicine 
and there are exciting future prospects for targeted 
molecular imaging. This anatomic and functional 
imaging is changing survival data not only by more 
accurate initial staging, but by assessing response to 
therapy early on in a treatment cycle, allowing indi-
vidual, tailored changes in management. All these 
modalities have their place in the optimal management 
of these patients with rare tumours.

Many of the rare tumours will only be seen once in a 
career by many general radiologists and the importance 
of referral to a dedicated Gynaecological Oncology 
multi-disciplinary team, before surgery, cannot be 
underestimated to provide the best treatment plan, tai-
lored to improve the chance of patient survival.

4.2 � Imaging Techniques for Evaluating 
the Primary Gynaecological 
Malignancy

4.2.1 � Ultrasound

Ultrasound is inexpensive, readily available and is often 
the initial imaging modality used to assess patients with 
symptoms and signs suspected to be of gynaecological 
origin. More than other modalities, ultrasound is limited 
by patient obesity and excessive bowel gas. It is also 
limited by operator experience and initial hard copy 
images have a more limited value in external review. 
Nevertheless, transvaginal imaging is the modality of 
choice to evaluate patients with post-menopausal bleed-
ing [1], providing an accurate measurement of assessing 
endometrial thickness, overall uterine morphology and 
the presence or absence of adnexal masses and ascites. 
Although ultrasound will detect adnexal masses and 
effectively triage patients with unscheduled bleeding 
into those who will then require endometrial biopsy and 
hysteroscopy, it is not accurate in staging endometrial or 
uterine neoplasms. Ultrasound morphology is useful to 
characterise benign vs. malignant adnexal masses, par-
ticularly when this is combined with Doppler assess-
ment and this forms the basis of a risk of a malignancy 
index (RMI) when combined with CA 125 levels and 
the patient’s menopausal status [2, 3].
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Adoption of an RMI will triage patients into groups 
which require either intervention or follow-up. When 
trying to determine whether an adnexal mass is benign 
or malignant, MRI is more accurate than either ultra-
sound or CT, by providing exquisite soft tissue detail 
and additional tissue characterization not possible with 
other modalities [5]. Both CT and MR will stage the 
abdomen more comprehensively than ultrasound, but 
MR is more accurate than CT for nodal staging in the 
abdomen and pelvis [6].

4.2.2 � CT

CT is an imaging modality that is now widely available 
in developed countries and newer multi-slice machines 
are rapid, with scan times of a just a few minutes to 
cover the entire chest, abdomen and pelvis, which 
removes some of the problems associated with move-
ment artifact, particularly in unwell or poorly coopera-
tive patients. CT is preferable to MR in assessing the 
lungs and thorax and this is particularly important in 
tumours with a propensity for haematogenous metas-
tases or in advanced or relapsed disease. In gynaeco-
logical malignancy, it is important that scan coverage 
for the whole chest, abdomen and pelvis includes the 
supraclavicular fossa, (where there may be unexpected 
involvement of supraclavicular nodes), without con-
tiguous mediastinal involvement, extending to ingui-
nal node regions. However, until there is confirmation 
of a malignant pelvic mass, there is no evidence base 
to support scanning the entire thorax, although imag-
ing of lung bases is essential to detect possible pleu-
ral effusions or enlargement of paracardiac nodes [7]. 
Multi-slice CT allows volume acquisition of data and 
isotropic multi-planar reconstructions for example in 
coronal or sagittal planes. CT scans should be per-
formed with intravenous and either positive or nega-
tive intraluminal bowel contrast. Despite advances, CT 
still does not have the soft tissue discrimination of MRI 
and it has the major drawback of ionising radiation.

Cumulative diagnostic radiation dose is now recog-
nised as an increasingly important issue. Females and 
young patients in particular are at increased risk for 
stochastic, or long-term effects of ionising radiation. 
Although exact risks are difficult to establish, the like-
lihood of inducing a solid cancer or leukaemia from a 
single CT scan of the abdomen or chest (dose 10 mSv) 

in a female, is estimated at approximately 1:1,000 
depending on patient age [8].

Most CT scans of chest abdomen and pelvis will 
result in a dose in the 15–20 mSv range. For young 
patients requiring long term follow-up, e.g. those 
patients with ovarian granulosa cell tumours or leio-
myosarcoma (LMS), the cumulative radiation burden 
of repeated CT imaging should be considered and 
ultrasound or MRI imaging substituted [9].

4.2.3 � CT/PET

CT/PET is now increasingly utilised in the staging 
and follow-up of some categories of gynaecological 
malignancy. CT/PET is more accurate than either CT 
or PET alone in the detection of metastatic disease. 
This technique involves fusion of images from a PET 
scanner, after the patient is injected with a suitable 
isotope (most commonly 18 – fluorodeoxyglucose – 
18 FDG PET) with images from an in-line CT scan-
ner, which provides the anatomic resolution lacking 
in pure PET images. FDG-PET essentially relies on 
the higher metabolic activity of most neoplasms hav-
ing increased affinity for the injected glucose isomer. 
It is therefore not specific to tumour cells and uptake 
is also seen in other metabolically active normal tis-
sue, such as heart and bowel as well as inflammatory 
tissues. False negative uptake is also seen in neoplastic 
tissue with low metabolic activity or very small tumour 
foci. This results in the sensitivity of PET diminishing 
rapidly in lymph nodes less than 5  mm in size. The 
use of SUV (standard uptake values) provides quan-
titative measurement of PET activity which can help 
to differentiate benign from malignant processes. The 
exam preparation requires patients to fast and diabetic 
patients need to control blood sugars within normal 
ranges. PET scans can be limited in grossly obese 
patients in whom MR and CT can still provide mor-
phological nodal assessment (Fig. 4.1).

The role of CT/PET has increased in many centres 
to encompass the role of assessing response to chemo-
radiotherapy after completion of treatment and deter-
mining which patients will be most likely to relapse 
and which will benefit from salvage therapy, before 
significant disease progression has occurred. These 
selected patients then appear to have improved pros-
pects for long term survival [18].
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CT/PET results in higher levels of diagnostic 
Ionising radiation (approximately 25  mSv) and the 
same considerations of accumulated dose apply for the 
routine use of this modality in long term follow-up as 
for CT.

Future developments in PET imaging include fus-
ing FDG-PET images with MR. Preliminary reports 
suggest this will improve accuracies for detection of 
involved lymph nodes by combining the better soft tis-
sue discrimination and spatial resolution of MRI, with 
the functional/metabolic discrimination of PET imag-
ing. Reported sensitivity and specificity of CT/PET 
and fused MR/PET, 44.1, 93.9 and 54.2 and 92.7% 
respectively [21, 36].

New horizons in functional PET tumour imaging  
include mapping uptake of radiopharmaceuticals iso-
topes of copper (Cu60 and Cu64 – copper(II)-diacetyl-
bis(N4-methylthiosemicarbazone)(copper-ATSM). 
This assesses of the degree of tumour hypoxia which 
has been found to correlate with prognosis in cervical 
and other cancers, as hypoxic tumours respond less 
favourably to chemoradiotherapy [22].

4.2.4 � MRI

MRI is particularly useful for evaluating gynaecologi-
cal masses and when compared to ultrasound and CT, 
it is the most accurate modality for characterising adn-
exal masses with accuracy of 60–95% in discriminat-
ing benign from malignant masses [4]. In elderly, unfit 
and obese patients, with vaginal or cervical stenosis, 
the attendant risks of anaesthesia can make endome-
trial sampling impossible and MRI in particular, is 
useful for assessing a pelvic mass in the presence of 
post-menopausal bleeding (Fig. 4.2).

MR can also characterise soft tissue, accurately 
identifying fluid, fat and blood products Blood less 
than 3–4 weeks old (methaemoglobin) will characteris-
tically show increased signal on T1 weighted sequences 
and decreased signal on T2 sequences (Fig.  4.3). 
Chronic blood products (haemosiderin) will be of low 
signal on all MR sequences. This helps to characterise 
endometriomas and haemorrhagic cysts, vs. other solid 
or cystic adnexal masses as well as identifying haemor-
rhagic uterine tumours. Macroscopic fat within tumours 

a b

CT/PET Coronal Fused Image MRI Axial T2W

Fig.  4.1  (a) CT/PET coronal fused image. Note poor image 
quality due to gross obesity. (b) Corresponding MRI T2W axial. 
Grossly obese patient. High para-aortic node and right obturator 
node confirmed in patient with Stage 2B cervical carcinoma 

(broad arrow) with bowel uptake and obesity obscuring left 
pelvic adenopathy. MR scan detects bilateral obturator nodes 
only, with small focus of necrosis on left (arrows)
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a b

MRI Sagittal T2W

c

MRI T2W Coronal Fat Sat

MRI Axial T2W  Fat Sat

Fig. 4.2  Serous Endometrial cancer Elderly patient with scant 
vaginal bleeding, vaginal stenosis and a pelvic mass. Treated 
20  years previously with radiotherapy for cervical cancer. (a) 
Distended endometrial cavity and endocervical canal (arrow); 
endocervical tumour seeding (broken arrow); vaginal stenosis 

(thin arrow); (b) polypoid endometrial serous neoplasm (arrow); 
ascites (star); obstructed right ureter due to serosal and param-
etrial involvement (broken arrow). (c) Unexpected right hydro-
nephrosis (arrow)
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e.g. Teratomas, will follow the signal of subcutaneous 
fat, appearing dark on fat saturated sequences and 
bright on T1, and most T2 weighted images. 
Unfortunately, MRI has significant limitations in iden-
tifying calcification, seen clearly on CT exams, which 
contributes important imaging characteristics to both 
epithelial and non-epithelial ovarian malignancy.

With MRI, it is therefore important to routinely 
include a range of sequences to characterise an unknown, 
complex adnexal mass and these should include, T1 and 
T2 weighted as well as pre and post-contrast fat satu-
rated T1W sequences.

In gynaecologic imaging generally, an anti-peristaltic 
bowel agent, such as hyoscine butylbromide, is also rou-
tinely recommended, to reduce artefact from bowel move-
ment and allow better discrimination of tissue margins.

MR examinations are contraindicated in patients 
with some metallic implants e.g. pacemakers and may 
not be suitable for claustrophobic or acutely unwell 
patients. Most current MR scanners have a magnetic 

field strength of 1.5 Tesla (T), necessitating long scan 
times with sequences usually taking 4–5 min each, and 
an examination of pelvis and abdomen requiring 
between half to 1  hour. This may be reduced with 
increasing availability of 3 T scanners. MRI does not 
use ionising radiation and is therefore more suitable 
for repeated imaging and scans in pregnant patients. 
Routine use of MR is not recommended in the first tri-
mester of pregnancy, but is a preferable alternative to 
CT. The use of gadolinium contrast in MR provides 
additional information in characterising adnexal and 
uterine masses and in staging, particularly of endome-
trial neoplasms, but as gadolinium crosses the placenta, 
its use is not recommended in pregnancy.

Recent developments in dynamic contrast imaging 
sequences, allow quantitative measurements of tissue 
enhancement with contrast over time. This can help to 
distinguish for example, the rapid uptake of contrast 
by tumour tissue from radiation induced fibrosis in a 
potential recurrent cervical cancer.

a b

MRI Sagittal T2W MRI Sagittal T1W Fat saturated

Fig. 4.3  (a) MRI sagittal T2W. (b) MRI sagittal T1W fat satu-
rated. Post-menopausal patient with vaginal bleeding and cervi-
cal stenosis. Endometrial cavity is distended with blood (arrows) 
bright on T2 weighted sequences and dark on T1 weighted 
sequences. A typical hyperplastic benign high signal fundal 

polyp is present (star). Note change of subcutaneous fat from 
bright on T2 weighted image, to dark on fat saturated image 
increasing conspicuity of high signal blood products (and pro-
teinaceous fluid in bowel)
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Diffusion weighted MR imaging is an established 
technique in neurological imaging, but more recently 
utilised in body imaging. This non-invasive technique 
utilises the difference in movement of free water mol-
ecules in normal and abnormal tissues, to distinguish 
benign from malignant tissue characteristics and has 
been successfully used for imaging cervical and endo-
metrial tumours and assessing response to therapy [13]. 
Whole body diffusion imaging also shows a promise as 
a method of surveying for metastatic disease.

4.3 � Lymph Node Imaging 
in Gynaecological Malignancy

The correct, pre-operative identification of metastatic 
nodal disease, particularly when this extends beyond 
conventional pelvic radiotherapy fields, still remains 
a great diagnostic challenge. The identification of 
affected lymph nodes changes the prognosis and 
FIGO staging for most categories of gynaecological 
malignancy.

Ultrasound has limited value in identifying meta-
static adenopathy, largely due to the deep retroperito-
neal location of lymph nodes. The exception is in the 
assessment of enlarged, superficial inguinal nodes, 
most often secondary to vulval or vaginal cancers, but 
occasionally involved in aggressive ovarian or uterine 
malignancy through retrograde spread along round lig-
ament lymphatics. High resolution and Doppler ultra-
sound can accurately identify these abnormal nodes by 
morphology and vascularity and provide image guided 
fine needle node aspiration if necessary [14].

Both MRI and CT will identify macroscopic involve-
ment of pelvic and para-aortic lymph nodes, primarily 
by virtue of size criteria, with round (instead of oval) 
and large nodes more likely to reflect metastatic dis-
ease. The shortest diameter measurement of a lymph 
node is more reproducible and is regarded as standard 
for a single axis measurement. Pelvic and para-aortic 
nodes greater than 10 mm short axis diameter, have a 
high likelihood of neoplastic involvement, but this size 
cut-off results in a low sensitivity for metastatic dis-
ease. An upper limit of 8 mm in the pelvis is preferable 
and will increase sensitivity without significant loss of 
specificity [16]. MRI can also identify macroscopic 
extra-capsular nodal spread which appears as a slightly 
speculate outline (Fig.  4.4) [17] and when combined 

with nodal tissue characterisation, is more sensitive in 
detecting nodal neoplasia than CT.

Nodal necrosis, seen as fluid attenuation within the 
node on both CT (density less than 20 HU) and high 
signal on T2 weighted MRI, (Fig. 4.1) has a reported 
positive predictive value of 100% for neoplastic 
involvement [32]. Unfortunately, both CT and MRI 
still have limited overall sensitivities and specificities 
for detection of neoplastic lymph node involvement; in 
the pelvis sensitivity 40–60%, specificity 80–90% and 
para-aortic region sensitivity  43% and specificity 91%. 
This is a consequence of metastases occurring in nodes 
smaller than 8 or 10  mm and large, reactive nodes 
enlarging greater than 10 mm.

With the advent of conformal and intensity modu-
lated radiotherapy fields, MR or CT identification of 
nodal chains provides a necessary treatment-related road 
map for accurate planning of radiotherapy fields and the 
reporting of involved lymph nodes outside normal radio-
therapy fields (Fig. 4.4) is therefore essential [16, 34].

More recently, non-invasive MR diffusion weighted 
imaging has been used to identify involved lymph 
nodes but early results do not appear to be as accurate 
as CT/PET.

Newer imaging techniques using specific nanopar-
ticle iron oxide lymphographic contrast agents (ultra 

MRI Axial T2W

Fig.  4.4  Stage 4 cervical carcinoma extending posteriorly to 
involve the rectum. Enlarged pre-sacral nodes (11  mm short 
axis) show slightly irregular spiculated margin (arrow)
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214  The Contribution of Diagnostic Imaging in Rare Gynaecological Malignancies

small particles of iron oxide – USPIO) in magnetic 
resonance lymphangiography (MRL) has shown great 
promise. This MR contrast agent is taken up by the 
reticuloendothelial system from an intravenous injec-
tion and on specific MR (T2* weighted) sequences, 
neoplastic deposits appear as non-functioning, contrast 
negative areas within affected lymph nodes. Although, 
prostate cancer has been most extensively assessed to 
date [33, 35], smaller studies in patients with endome-
trial and cervical cancer have identified metastases in 
nodes less than 5 mm short axis [16] at a size when 
PET sensitivity becomes limited. Studies indicate that 
the negative predictive value of this technique results 
in a false negative rate of less than 4%. At present, this 
lymphographic agent; Ferumoxtran-10, is not yet 
licensed for routine radiological use.

CT/PET is rapidly becoming the modality of choice 
for more accurate whole body nodal and metastatic 
staging, but it is a scarce resource and there are some 
pitfalls associated with its use. In cervical and uterine 
cancers, overall patient sensitivities of 50–73% and 
overall accuracy of 80–89% for detection of involved 
lymph nodes have been reported, although results are 
significantly better with cervical cancer and nodes 
greater than 1 cm [19, 20, 30].

CT/PET has limitations in detecting disease in 
nodes less than 1 cm for endometrial cancer [27] with 
recently published sensitivity of 67% and specificity of 
94%. This may in part be due to the lower metabolic 
activity of low grade endometrial cancers, so that for 
nodal staging, the role of CT/PET in most endometrial 
cancers has not produced the same benefits as for cer-
vical and ovarian cancer.

CT/PET is particularly useful in characterising 
enlarged pelvic and para-aortic nodes that have been 
detected as a result of other imaging. This can justify 
targeted surgical lymph node sampling, either laparo-
scopically or at routine laparotomy with frozen section 
to confirm potentially malignant nodes and reduce the 
need for full para-aortic and pelvic lymphadenectomy. 
Occasional false positive FDG PET uptake in reactive 
or inflammatory lymph nodes still necessitates caution 
and tissue confirmation of malignancy, where an unex-
pected finding of potential metastasis is likely to fun-
damentally change patient management. False positive 
nodal uptake can occur with pelvic inflammatory dis-
ease, such as tuberculosis or endometriosis, but also 
occurs in the presence of large, necrotic, either cervical 
or occasionally uterine tumours (Fig. 4.5).

Sentinel node mapping for cervical tumours, when 
both radiocolloid isotope and blue dye injections into 
the cervix are combined, has shown an excellent detec-
tion rate for selective lymph node sampling, identifying 
primary draining nodes with micrometastases [23, 24]. 
In a recent meta-analysis [30], sentinel nodes have been 
identified in over 90% of patients when these techniques 
are combined, allowing selective pre-operative sam-
pling to detect patients with involved  nodes unsuitable 
for radical hysterectomy. Unfortunately, there remains a 
small, but significant false negative rate of 3.2% which 
at present cannot accurately determine surgical  candi-
dates requiring  selective vs. complete lymphadenec-
tomy but it is particularly of benefit to patients requesting 
fertility sparing surgery or where pelvic lymphadenec-
tomy is technically challenging.

4.4 � Staging Considerations

4.4.1 � Uterus

Clinical examination has been shown to be an unreliable 
predictor of stage, understaging by up to 22% in endo-
metrial cancer [51]. As a consequence, FIGO has rec-
ommended surgical staging since 1988. Referral for 
imaging with cervical or uterine malignancy is usually 
preceded by preliminary results from uterine or cervical 
biopsy. In endometrial sampling, it is recognised that 
there is a pre to post-operative histopathological sam-
pling error rate of approximately 20%, with usually a 
higher grade reassignment occurring when complete 
post-operative specimens are available for analysis. 
Various grades of adenocarcinoma often coexist with 
rare tumour types such as serous or clear cell differentia-
tion and this may not always be identified in pre-opera-
tive sampling.

MRI, with pre and post-contrast sequences is the rec-
ommended imaging modality for pre-operatively staging 
endometrial cancer, with overall staging accuracy of 
between 85 and 93% [1, 51]. Administration of intrave-
nous contrast, preferably as a dynamic run, with imaging 
in arterial, portal venous and equilibrium phases, will not 
only allow better determination of the degree of myoinva-
sion, but may demonstrate a hypervascular mass, unusual 
for most endometrial adenocarcinomas, thus raising the 
possibility of an unusual tumour, such as a sarcoma. 
Cervical invasion is also best determined with MRI. 
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a

c d

b

MR Sagittal T2W MR Axial T2W

Fig. 4.5  Extensive clear cell endometrial tumour, but clinically 
confined to the uterus. (a) MR imaging demonstrates extension 
to involve the cervical stroma (arrowheads) and serosal surface 
of the uterus (arrow). (b) Pathologically enlarged external iliac 
lymph nodes (arrows). (c) CT/PET confirms significant uptake 

in suspect node (arrow), as well as pelvic lymph nodes. (small 
arrows). (d) Corresponding axial MRI with 8 mm para-aortic 
adenopathy (arrow). Post-operative pathology revealed meta-
static para-aortic node, but pelvic lymph node dissection revealed 
only reactive, enlarged pelvic nodes
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Although cervical stromal invasion is a key determinant in 
upstaging endometrial cancers, this does not constitute a 
change in stage for uterine sarcomas [12, 25].

With rare uterine tumours there is a paucity of evi-
dence, but it seems likely that MRI for local tumour 
assessment, combined with CT or CT/PET to deter-
mine metastatic status, is ideal to optimally stage most 
of these patients. A few prospective studies using CT/
PET in endometrial sarcoma and carcinosarcomas 
have shown avid uptake of FDG PET within both the 
primary tumour and within metastases, correlating 
well with high metabolic tumour activity in the few 
patients studied to date. This ability to accurately detect 
the extent of metastatic disease was shown to have a 
direct effect on patient management [21, 37, 50].

The rationale for local tumour staging with MRI is 
usually to determine resectability and plan the extent of 
surgery, for example the requirement for pelvic lymph 
node excision vs. sampling, or for identifying bowel or 
bladder involvement requiring extensive resection. In 
high grade adenocarcinoma, as well as more unusual 
but aggressive tumour types such as clear cell, serous, 
carcinosarcoma or adenosquamous histology, metasta-
ses or unexpected local invasion occurs early, when the 
primary tumour is confined to the inner myometrium 
and these cancers are often significantly underestimated 
on clinical examination alone (Figs.  4.5 and 4.6). 

Unexpected serosal disease, with ascites and peritoneal 
dissemination will favour chemotherapy and a less 
aggressive initial surgical approach. But it is usually 
the detection of more distant extra pelvic metastases 
which will change a proposed management plan from 
extensive lymph node dissection, or a change in planned 
radiotherapy fields, or consideration of neoadjuvant 
chemotherapy, or a  change to a palliative approach. 
These tumours therefore, require additional imaging of 
the abdomen and chest, with either CT or CT/PET.

4.4.2 � Cervix

Most cervical malignancy will have been diagnosed on 
biopsy, prior to a request for imaging and MR is piv-
otal in providing a rational management plan. Clinical 
examination, even under anaesthesia is associated with 
a significant understaging error, which increases from 
almost a third of patients with stage 1B, to over half of 
stage 4 patients. MRI is the most accurate method for 
assessing primary tumour volume and extent and for 
identifying suspicious adenopathy in the pelvis and 
lower abdomen. It will also determine whether fertility 
sparing surgery is an option.

Although punch biopsy does not usually affect stag-
ing, cone or loop excision (LLETZ) of the cervix pro-
duces difficulty in accurately determining original 
tumour size and cervical oedema can cause problems 
in determining the correct depth of stromal invasion. 
MRI of pelvis and lower abdomen should therefore be 
obtained prior to cone or loop excision of the cervix.

The large component of dense connective tissue in 
the cervical stroma results in low signal on T2 weighted 
MR. Most tumours are bright against this background 
and with this natural contrast, there is usually no need 
for intravenous contrast, although this has been used to 
detect early 1A2 and 1B tumours against the back-
ground of higher signal cervical mucosa (Fig. 4.7).

In pregnancy, from the second trimester onwards, 
into the immediate post-partum period, cervical stroma 
loses its low signal on MR and together with increase 
in the parametrial vascularity, the accurate staging of 
tumour size, stromal infiltration and parametrial exten-
sion can become very difficult (Fig. 4.8).

MR sequences to stage cervical tumours should 
include thin section T2 axial and sagittal images of the 
pelvis, as well as thin 3–4 mm axial images perpen-
dicular to the axis of the cervix. Abdominal sequences, 

MRI T2W Sagittal

Fig. 4.6  Clear cell carcinoma. Normal sized uterus. Endometrial 
“plug” of tumour, (arrowhead) with serosal extension through 
lower segment of myometrium to involve adjacent recto sigmoid 
colon (arrow)
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which will allow adequate assessment of retroperito-
neal nodes and potential dilatation of renal tracts 
should also be included. CT, or CT/PET is an alterna-
tive to staging the abdomen and pelvis in patients who 
are not suitable for MRI.

Most cervical cancers will metastasise to lymph 
nodes in an orderly fashion, involving preferentially 

external iliac or obturator nodes before involving com-
mon iliac or para-aortic chains. However, direct drain-
age to para-aortic nodes from cervical cancer has 
occasionally been identified with sentinel node imag-
ing. A normal pattern of spread can be altered if there 
has been previous pelvic surgery or pelvic inflamma-
tory disease and primary spread to para-aortic or groin 

MRI Axial T2W MRI Axial T1 Fat Sat Post Contrast

a b

Fig. 4.7  Squamous cervical cancer: Very small 1B tumour is seen 
clearly against natural contrast of dark cervical stroma (arrows). 
Post-contrast, the tumour enhances relative to the stroma, but there 

is loss of natural contrast. (b) Enhancement of cervical mucosa 
deep to the tumour is indicative of minimal or no significant 
stromal invasion

T2W Sagittal Detailed Section MRI Sagittal T2W

a b

Fig.  4.8  Squamous cervical Cancer: Twelve and twenty six 
week pregnancy. (a) There is loss of Later in pregnancy the 
tumour becomes invisible against the increased stromal signal 
normal dark cervical stromal signal. The small 1B tumour on the 

posterior lip of the cervix becomes difficult to identify (ellipse) 
(b) In early third trimester, the tumour becomes invisible against 
the increased signal from cervical stromaak
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nodes may then occur which is also seen with aggres-
sive tumours such as small cell carcinomas (Fig. 4.9).

Gross involvement of pelvic lymph nodes by tumour 
will also increase the likelihood of retrograde involve-
ment of groin nodes.

4.4.3 � Vagina

Local staging of vaginal tumours is best assessed with 
a combination of clinical assessment and MRI. Soft 
tissue detail from thin section (3–4 mm) axial and sag-
ittal images provides good local tumour staging and 
macroscopic evidence of depth of tumour invasion to 
determine resectability. With detailed soft tissue dis-
crimination, MR can readily identify penetration of 
tumour through the vaginal wall, paravaginal tissue and 
identify involvement of adjacent pelvic floor muscles 
and urethra (Fig. 4.10). As the lower third of the vagina 
drains predominantly to inguinal nodes, MR imaging 
should include the groins as well as the remainder of 
the pelvis to determine likely nodal involvement. As 
inguinal nodes are the primary nodal drainage station 
from the legs, they are often prominent, with a short 
axis diameter up to 15 mm and a normal fatty hilum. 

These reactive nodes can be easily seen on MR and CT 
in these reactive nodes.

CT/PET is indicated if exenterative surgery is consid-
ered, to exclude nodal involvement and more distant dis-
ease, but it cannot accurately assess potential surgical 
resection margins or primary tumour stage as well as MRI.

4.4.4 � Vulva

Lymph node staging in vulval carcinoma is the key to 
prognosis and FIGO has held surgical staging as the 
gold standard since 1988. New FIGO staging in 2009 
[12] gives weight to the prognostic importance of num-
bers of lymph nodes involved, as well as local inva-
sion of perineal structures such as urethra and vagina. 
Thorough inguinofemoral lymph node dissection, par-
ticularly if bilateral, is a particularly morbid procedure, 
often performed in an elderly patient which in retrospect 
post-operatively, may be unnecessary, as the size of the 
primary tumour does not always correlate with nodal 
metastases. Up to 75% of early stage vulval cancer will 
have negative nodes after groin dissection. Sentinel node 
imaging, using a combination of blue dye and radiocol-
loid isotope has been successfully utilised to identify and 

a b

Fig. 4.9  (a) CT small cell cervical cancer with small primary tumour bulk (arrow) and minimal parametrial extension but, (b) bulky 
inguinal adenopathy (arrow)
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allow excision of the primary draining nodal stations this 
avoids inguinofemoral node dissection in node negative 
patients, with a resulting 97% 3-year survival. A 0–2% 
false negative rate has been reported for sentinel nodes 
when followed by formal lymphadenectomy [28].

A further advantage of this procedure is the pre or 
intraoperative identification of patients with positive 
sentinel nodes, allowing appropriate selection for 
radiotherapy instead of surgery, with reduced morbid-
ity compared to patients subjected to extensive surgery 
followed by radiotherapy.

Due to the superficial position of inguinal nodes, 
high resolution ultrasound, as in head and neck cancer 
imaging, is not only able to measure nodal size, but is 
able to characterise morphology and likelihood of neo-
plastic change by virtue of Doppler assessment and 
fine needle aspiration if necessary, producing com-
bined ultrasound and cytological sensitivity of 93% 
and specificity of 100% [14].

Cross sectional imaging is not usually necessary in 
assessing vulval carcinoma unless it is clinically 
advanced. However, the exquisite soft tissue detail 
afforded by small field of view MR can non-invasively 
assess important perineal structures, as well as assist in 
staging lymph nodes in groins and in the pelvis, 
although sensitivity is limited and normal sized nodes 
would not preclude nodal dissection (Fig. 4.11).

4.4.5 � Ovary

While Ultrasound is important in discriminating benign 
from malignant adnexal masses, it has less value in stag-
ing either routine epithelial or unusual ovarian malig-
nancy. On abdominal ultrasound, abdominal ascites, 
omental cake and obstructed kidneys may be apparent 
and although specificity is high, the sensitivity of ultra-
sound to diagnose peritoneal disease, retroperitoneal 
adenopathy and unresectable bulk disease is poor. 
Distant thoracic metastatic disease is unlikely to be seen 
on ultrasound with the exception of pleural based depos-
its, when they are surrounded by pleural fluid.

While MRI is the preferred modality for characteris-
ing a complex adnexal mass and has a 60–95% accuracy 
in differentiating benign from malignant masses, [5, 6, 
26] CT scan of abdomen and pelvis, following intrave-
nous and oral contrast, is generally recommended as the 
preferred imaging modality for comprehensive staging. 
This determines suitability for either primary, or delayed 
debulking surgery. Multi-slice CT facilitates multi-planar 
reconstruction with coronal and sagittal images which is 
particularly useful to determine whether there is likely to 
be irresectible disease. Pre-operative imaging with a CT 
scan, rather than relying solely on findings from ultra-
sound imaging, also has the advantage of depicting an 
unexpected primary neoplasm arising from elsewhere, 

MRI T2W Axial PET Sagittal Axial PET Pelvis

a b

Fig.  4.10  Vaginal carcinoma (broad arrows) with concentric 
involvement of vaginal mucosa and muscularis. Penetration 
through adventitial tissue (arrow) is evident to adjacent levator 

ani muscle. Which shows high signal on MR. (b) PET confirms 
tumour localised to central pelvis (arrow), but it cannot accu-
rately show invasion of pelvic floor
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originating, for example, in the gastrointestinal tract or 
pancreas, with metastases to the ovaries and peritoneum 
as the presenting complaint (Krukenberg tumour).

In rare tumours, CT can guide the extent of primary 
surgery required, which may allow conservation of 
fertility. Once there is tissue confirmation of ovarian 
malignancy, particularly if this is either of advanced 
stage, or of unusual histopathology, then CT of the 
chest is more sensitive than a chest radiograph in the 
detection of lung and pleural metastases.

CT/PET is being used increasingly in patients to 
detect relapse of epithelial ovarian cancer, particularly 
when prompted by a rise in CA125 levels. It has a 
reported sensitivity of 80–90%, which is greater than 
that afforded by CT or MRI and recent studies suggest 
it may be more sensitive than increasing CA125 levels 
in detecting recurrence [15].

However, there are false negatives in detecting 
microscopic disease in lesions less than 5 mm [15, 39] 
and its greatest value may be in its positive predictive 
value for assessing potentially localised disease and 
suitability for repeat limited surgical resection. The 
value of CT/PET in staging and following up non-epi-
thelial ovarian cancer has not been established.

In the follow-up of recurrent disease, a recent study 
have shown no survival advantage in the treatment of 
asymptomatic women with rising CA 125 levels, [41] 
as opposed to waiting to treat symptomatic women. As 
a consequence, it may be that detecting disseminated 
recurrence any earlier with imaging adds to costs, pro-
duces anxiety and confers no survival advantage.

4.5 � Imaging Characteristics 
of Specific Tumours

4.5.1 � Uterus

4.5.1.1 � Clear Cell and Serous 
Endometrial Tumours

Serous endometrial tumours are the most aggressive epi-
thelial tumours, with a poor prognosis. Although serous 
and clear cell tumours account for only 10% of endome-
trial neoplasms, they contribute to 50% of deaths with a 
42% 5-year survival for stage1B tumours. These high 
grade, type 2 endometrial cancers are 2–6 times more likely 
to occur in patients with previous breast cancer [29].

They are frequently advanced at presentation with 
deep myometrial invasion, lymphovascular invasion 
and often involvement of the serosal surface of the 
uterus. Involvement of the serosal surface rapidly pro-
duces a pattern of tumour dissemination comparable to 
epithelial ovarian cancers with peritoneal and omental 
disease. Trans tubal dissemination will also produce 
peritoneal disease and positive washings, even when 
the tumour appears confined to the endometrium.

Serous tumours in particular, have a propensity for 
early nodal dissemination and haematogenous metas-
tases. These nodal metastases may be massive, mim-
icking the imaging appearances of lymphoma, with 
bulky, confluent para-aortic and pelvic lymphadenopa-
thy (Fig. 4.12).

MRI T2W Axial MRI T1W Axial

Fig. 4.11  Advanced vulval carcinoma. Enlarged necrotic left inguinal lymph nodes, typical for squamous cancer, showing high, 
fluid signal on T2 weighted sequences
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Nodal spread in cancers of the uterine corpus tends 
to be more disorderly than in cervical cancer, due to 
differences in normal uterine lymphatic drainage, so 
that involvement of para-aortic nodes, or rarely ingui-
nal nodes, can occur in the absence of pelvic adenopa-
thy. When cervical stroma is involved, aggressive 
endometrial tumours will behave more like cervical 
cancers, spreading to the parametrium, obstructing ure-
ters and involving adjacent bowel and bladder.

This propensity for peritoneal dissemination and 
distant metastases should prompt careful imaging 
evaluation of the chest, abdomen and pelvis with MRI 
for local staging to determine resectibilty, in addition 
to a CT or CT/PET scan (Figs. 4.1 and 4.5).

In common with serous tumours, clear cell tumours 
have a poor prognosis, frequently presenting with dis-
ease extending beyond the uterine corpus, even in the 
presence of clinically small volume disease (Fig. 4.6). 
Nodal metastases are often unsuspected (Fig.  4.5). 
This supports the need for pre-operative MRI in this 
group of patients with endometrial cancer.

Uterine clear cell carcinomas may have an associa-
tion with endometriosis [42] and adenomyosis, although 
clear cell and other adenocarcinomas are more fre-
quently associated with ovarian or extragonadal endo-
metriosis, rather than the uterus.

Adenomyosis is identified accurately on MRI, with 
widening and heterogeneity of the junctional zone of the 
myometrium (Fig. 4.13). Evidence of the complications 

of endometriosis, such as endometriomas, obliteration 
of the Pouch of Douglas, with characteristic endometri-
otic plaques in the pouch of Douglas and bowel adhe-
sions may be present on pre-operative MR scans. 
Complications and increased morbidity for both surgi-
cal resection and radiotherapy, more often indicated in 
high grade endometrial cancer, can be highlighted if 
these sequelae of endometriosis can be identified pre-
operatively (Fig. 4.14).

4.5.1.2 � Carcinosarcoma

On imaging, uterine carcinosarcomas (previously called 
mixed mesodermal mullerian tumours), initially appear 
to behave in the same way as high grade endometrial 
adenocarcinomas. That is, they are tumours centred on 
and producing widening of the endometrium, rather 
than masses centred initially in the myometrium [44, 
56]. They also have the same age and risk distribution 
characteristics as endometrial adenocarcinomas [43]. 
There is an increased incidence following long term 
Tamoxifen for previous breast cancer. Previous pelvic 
irradiation is also a predisposing cause, which in addi-
tion, can make clinical assessment difficult (Fig. 4.2).

Carcinosarcoma tends to present as a bulky, advanced 
tumour, (Figs. 4.15 and 4.16) often extending outside the 
uterus. In common with other sarcomas, it not infre-
quently presents as a large irregular heterogenous pelvic 

a b

Fig. 4.12  (a) Serous endometrial tumour just extending to outer 
half of myometrium, but with extensive cervical stromal involve-
ment (arrows) and deposits in vaginal fornix, vesico-vaginal 

septum and serosal peritoneal surface with ascites (arrowheads). 
(b) Massive retroperitoneal para-aortic adenopathy (arrows)
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mass with serosal and extrauterine invasion to adjacent 
bowel loops or other pelvic structures, when it can be 
difficult to determine the organ of origin. Over twenty 
percent of patients are likely to be upstaged at surgery 
and twenty percent of these to stage 4 [43]. Spread to 

adjacent pelvic organs and lymph node metastases occurs 
3 times more frequently than for adenocarcinoma, with 
omental involvement a particularly common site of dis-
tant metastasis and nodal disease occurring in 16–18% 
of patients.

a

c

b

MRI, Sagittal T2W MRI, Axial T2W

MRI, Axial T1W Fat Sat

Fig. 4.13  MRI: (a) 1A clear cell endometrial carcinoma confined 
to inner myometrium (bold arrow), with adenomyosis reflected in 
widened junctional zone of uterus (arrowheads). Note oblitera-
tion of the uterovesical pouch, and pouch of Douglas secondary to 
chronic endometriosis (thin arrows). (b) Low signal (T2W) endo-

metriotic cysts either side of rectum (R) produce a compressive 
effect (arrows). (c) Fat saturated T1W sequence confirm endo-
metriomas, with blood (methaemaglobin) within the cysts 
(arrows) with high signal on T1 and low signal on T2Wak
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If there is no pre-operative imaging to identify the 
extent of metastatic disease, primary surgical resec-
tion  is more likely to be incomplete. As gross resid-
ual  tumour following surgery appears to have the 
most  important adverse prognostic effect on survival  
[43, 54], pre-operative identification of tumour spread 
is particularly important. Unfortunately, pathological 
identification of carcinosarcoma from pre-operative 
endometrial biopsies is limited in up to 25% of patients 
[43] so that the need for pre-operative imaging may 
not be realised.

Pre-operative imaging assessment should follow the 
format for other aggressive uterine tumours with MRI 
for local staging and complete distant staging with CT 
or CT/PET, in order to plan the extent of surgery, 
lymphadenectomy or determine non-surgical options.

Carcinosarcomas are mostly hyper-intense with 
respect to myometrium on T2W sequences, often pre-
senting as a polypoid mass expanding the endometrial 
cavity. As size increases, tumours become more het-
erogenous, with striations and areas of increased or 
decreased signal (Fig. 4.15) usually due to foci of hae-
morrhage or necrosis. Pre and post-contrast sequences 
are critical for accurately identifying the extent of 
invasion. Following contrast, the tumour is mostly 
hypovascular with respect to normal myometrial 
enhancement, but areas of increased vascularity, 

persisting into delayed, portal-venous phases, appear 
to correlate with more sarcomatous elements [45].

Both high grade, type 2 endometrial carcinomas, and 
carcinosarcomas tend not to invade pre-existing myome-
trial leiomyomata, (Fig. 4.16) which may help to differ-
entiate from the appearances of endometrial sarcoma.

There are no specific imaging features that clearly 
distinguish this tumour from other high grade endome-
trial neoplasms, apart from the propensity for early 
aggressive behaviour and some post contrast features. 
However, there appear to be some imaging features 
which may be helpful in differentiating carcinosarcoma 
from endometrial stromal sarcoma and LMS.

4.5.1.3 � Leiomyosarcoma and Endometrial 
Stromal Sarcoma

Leiomyosarcoma (LMS) and endometrial stromal sar-
comas (ESS) are rare mesenchymal tumours of the 
uterus, comprising 1–3% of all uterine malignancies, 
occurring more commonly in black races and occur-
ring in younger, often pre or peri menopausal patients, 
rather than in older post-menopausal patients who have 
a higher incidence of carcinosarcoma and high grade 
endometrial adenocarcinoma.

ESS closely resembles normal endometrial prolif-
erative stromal cells and usually arises from the endo-
metrium or from foci of myometrial adenomyosis. 
Although, low grade tumours have a 5-year survival of 
approximately 80%, in high grade tumours this is 
reduced to approximately 50%.

Macroscopically these are often fleshy, polypoid 
tumours distending the endometrial cavity. Stromal 
sarcomas almost invariably involve the myometrium, 
although this may not always be apparent on imaging. 
When there is direct communication of tumour with the 
endometrial cavity, diagnosis is possible from an endo-
metrial biopsy and pre-operative imaging will be pre-
cipitated. But in some patients, there may be minimal 
involvement of the endometrium, with a predominantly 
myometrial mass and appearances may be interpreted 
as a leiomyoma, particularly at ultrasound. The diagno-
sis may then only be made post-operatively after an 
inappropriate simple hysterectomy, polypectomy or 
myomectomy to treat abnormal vaginal bleeding.

The MR imaging appearances are governed not 
only by the tumour grade, but by the location of the 
bulk of the tumour. Thus the tumour may protrude as 

Fig.  4.14  MRI T2W. Adhesions of bowel to endometriotic 
plaque (arrow) at cervico-uterine junction in Pouch of Douglas 
with obliteration of the peritoneal recess. Note large endometri-
otic deposit (broken arrows) invading rectum, clinically poten-
tially mistaken for tumour
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an intermediate signal T2W polypoid mass into the 
endometrial cavity, (Figs.  4.3 and 4.17) where on 
imaging alone it can be mistaken for a hyperplastic 
polyp, or it may predominantly infiltrate the myome-
trium and junctional zone of the uterus sometimes with 
associated endometrial thickening.

Although the tumour may be confused on MR with 
cystic or hyaline degeneration of a fibroid, in contrast to 
simple leiomyomata, these are often larger, hypervas-
cular masses, particularly notable in a post-menopausal 
patient. The myometrial margin of the mass is usually 

poorly defined, but the endometrial tumour margin is 
frequently well defined and lobulated and may be out-
lined by endometrial fluid. In younger patients, lower 
grade tumours are more common and when these 
infiltrate the myometrium, there are characteristic low 
signal bands on T2W sequences which correspond 
pathologically to bands of normal myometrial fibres 
interspersed with infiltrating tumour spindle cells. 
Higher grade tumours, more common in older patients, 
tend to lack these low signal bands and more frequently 
have areas of haemorrhage and necrosis, which can 

Normal junctional
zone

a

c

b

MRI T2W T2W Axial Pre Contrast

T1W Axial Fat Sat Post Contrast

Fig. 4.15  (a) Carcinosarcoma. Extensive, hyperintense tumour 
centred on endometrium, (arrow) with foci of necrosis, but with 
disruption of junctional zone (broken arrow) and extensive myo-
metrial involvement to cervix and serosal surface of uterus 

(b and c). Low signal avascular “straie” of necrosis within the 
central tumour with no enhancement (arrow) on delayed post-
contrast images. Pre-existing, non-enhancing mature fibroids (*)
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also be identified on MRI [45] (Fig. 4.17). The tumour 
bulk generally enhances less than normal myometrium, 
but there are areas of increased vascularity within the 
tumour and areas of myometrial invasion identified by 
contrast enhancement greater than, or equal to, normal 
myometrium [46] (Fig.  4.17). In contrast, infiltrating 
endometrial carcinoma is usually hypovascular with 
respect to normal myometrium. Although, post-contrast 
enhancement is also often seen in benign leiomyomata, 
in sarcomatous tumours vascularity tends to be more 
prominent and disordered [55, 56].

ESS tumours are also characterised by lympho-
vascular invasion and nodular serpiginous extension 
of tumour into blood vessels, surrounding structures 
and tissue planes, even when pathology is reported 
as a low grade with little cytological atypia. At initial 

presentation, this can produce a similar appearance to 
benign intravenous leiomyomatosis where plugs of 
benign tissue are seen within large pelvic veins or the 
inferior vena cava. Slow growth of venous deposits can 
result in a strikingly delayed recurrence, more than 10 
years later, with tumoural venous thrombosis and met-
astatic disease (Fig. 4.18).

The current FIGO staging (2009) [25] for ESS takes 
into consideration involvement of pelvic and/or para-
aortic lymph nodes and so pre-operative imaging should 
include assessment of chest, abdomen and pelvis in view 
of the propensity for haematogenous metastases, even 
when the primary tumour is small. MRI is most appro-
priate for local tumour staging and assessment of resect-
ability, but CT scan of chest and abdomen (or CT/PET) 
should also be performed for complete staging.

a

b

MRI T2W Sagittal MRI T2W Axial

Fig.  4.16  Uterine carcinosarcoma, infiltrating myometrium 
with sparing of pre-existing fibroids. (a) Spiculated extension to 
serosa (arrow) and cervix (arrowhead), with small amount of 

ascitic fluid (broken arrow). (b) Unexpected extension through 
serosa to pelvic side wall and piriformis muscle (arrow) enlarged 
external iliac nodes (*)

Fig.  4.17  (a-e) (a) MRI: post-menopausal patient with high 
grade endometrial stromal sarcoma. High signal heterogenous 
tumour (arrow) distends the endometrial cavity, thinning the 
myometrium. (b) Low signal junctional zone (broken arrow) is 
maintained apart from site of myometrial invasion (broad arrow). 
(c) Foci of high signal haemorrhage on T1W sequences (arrow). 
(d) Dynamic contrast enhanced MRI: arterial phase shows 

intense irregular enhancement of tumour equal to myometrium. 
Low signal junctional zone is maintained, except at site of inva-
sion (broken arrow) Non-enhancing central avascular clefts or 
necrosis (*). (e) Delayed equilibrium phase (4 min) continued 
tumour enhancement with overall enhancement less than adja-
cent myometrium
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MRI Sagittal T2W MRI Axial T2W

MRI Axial T1W

MRI  Sagittal T2W

Sagittal T1W FS Arterial Phase Post Contrast

MRI Sagittal T1W FS Post Contrast

a b

c d

e f
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4.5.1.4 � Leiomyosarcoma

LMS usually arise de novo within the myometrium, and 
only rarely arise in a pre-existing fibroid. Rapid growth 

of a fibroid or uterine enlargement is not a reliable indi-
cator of malignancy. In a retrospective review of 1,332 
patients having surgery for leiomyoma, only 0.23% had 
uterine sarcoma (including carcinosarcoma). Even for 

a

c

b

Fig.  4.18  Low grade endometrial stromal sarcoma resected 
with TAH and BSO 29 years previously. (a) CT scan post con-
trast: recurrence of extensive venous tumour thrombus in pelvic 
veins, IVC, and extending to right atrium (stars) (note vascular 

enhancement of tumour thrombus). (b) Well-defined lytic/scle-
rotic bone metastasis to L4 vertebral body (arrow). (c) Lung 
metastasis (arrow)ak
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patients having surgery for rapidly enlarging leiomyoma, 
the incidence of sarcoma is reported as 0.27% [57].

In high grade tumours, there is usually rapid pro-
gression to involve the endometrium which then pres-
ents with abnormal vaginal bleeding, prompting earlier 
investigation and intervention. However, with low grade 
tumours in particular, diagnosis may be an unexpected 
finding at hysterectomy for other indications. Thus 
pre-operatively, the diagnosis of leiomyosarcoma is 
not only difficult clinically, but is often not diagnosed 
from uterine biopsy or hysteroscopy. If pre-operative 

imaging is performed, MR appearances may be able to 
suggest a leiomyosarcoma.

Unlike endometrial carcinomas and carcinosarcomas, 
LMS tend to arise within the myometrium and compress, 
rather than enlarge the endometrial cavity, which can 
therefore be difficult to identify (Figs. 4.19–4.21). Initial 
appearances may be very similar to a benign leiomyoma 
and indeed, sarcomatous elements may rarely be found 
within an otherwise benign leiomyoma (Fig. 4.19). As 
the tumours enlarge, cystic necrosis and haemorrhage 
often occurs (Fig. 4.20). High grade LMS are more likely 

a

c d

b

Fig.  4.19  Unexpected leiomyosarcoma post-hysterectomy for 
presumed benign fibroid disease. Post-menopausal bleeding. (a) 
Endometrial cavity containing a small amount of blood (arrow), 
is compressed by large leiomyoma eroding endometrium and 
containing sarcomatous elements. (b) Image shows heteroge-

neous myometrial mass, poorly marginated in places, (double 
arrows) and small right pelvic external iliac node (broad arrow). 
(c) Post-operative normal chest X-ray, (d) CT shows a promi-
nent metastasis (arrow) within posterior costophrenic recess, not 
seen on chest radiograph
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to show invasion of endometrium, uterine serosa, cervix 
and extend into parametrium or adjacent soft tissue 
(Fig. 4.21) [57, 58].

On imaging appearances, haemorrhage may be dif-
ficult to differentiate from “red” haemorrhagic degen-
eration in a benign fibroid. In elderly patients, most 

mature leiomyomas return a consistent low signal on all 
MR sequences due to their high fibrous content, and 
acute cystic and red degeneration of benign fibroids is 
uncommon, so that these appearances will then raise the 
pre-operative possibility of a sarcoma. Following injec-
tion of intravenous contrast, a dynamic study with a late 

a

c

b

Fig.  4.20  LMS in post-menopausal patient: (a) MR Sagittal 
T2W large necrotic tumour (double arrows) shows invasion and 
compression of endometrial cavity (single arrow) normal cervix 
(arrowhead). (b) Coronal T1W: increased signal indicating hae-

morrhagic necrosis (arrow). (c) Axial post contrast: Marked 
bizarre tortuous vascular enhancement of solid area, (arrow) 
with non-enhancing central necrosisak
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arterial phase, (Fig.  4.20c) may demonstrate tortuous 
vessels and later, a bizarre enhancement pattern not seen 
with benign fibroids. Areas of non-enhancement, prob-
ably correspond to haemorrhagic necrosis, and have 
been reported to be a differentiating feature of LMS and 
smooth muscle tumours of uncertain malignant poten-
tial [58]. However, these distinctive changes may not be 
appreciated with small tumours, or in small areas of sar-
comatous change within an existing leiomyoma.

Diffusion weighted MRI may have a place in helping 
to differentiate benign leiomyomas from sarcomas [59]. 
This would have value particularly in patients being 
assessed for non-invasive treatment of leiomyomas, for 
example by ultrasound ablation or interventional vascu-
lar embolisation, where histopathological assessment of 
the uterus will not be available. Unfortunately, at present, 
there remains some overlap between benign and malig-
nant tissue diffusion values and this technique cannot yet 
be used solely for definitive diagnosis of malignancy.

Revised FIGO staging (2009) for uterine LMS reflects 
the wide variation in survival between small, low grade 
tumours and the abysmal survival in high grade LMS 
where survival is measured in months, depending on 
mitotic index, size and lymphovascular invasion of the 
primary tumour. If pre-operative CT imaging has not 
been performed, or MRI was confined to the pelvis, a 
post-operative CT of chest, abdomen and pelvis is 

recommended at about 6–8 weeks to provide a baseline 
and exclude distant metastases, 80% of which are likely 
to be extrapelvic. A chest X-ray is insufficient to exclude 
lung metastases; the commonest site for distant disease 
(Fig. 4.19). In line with some other soft tissue or bone 
sarcomas, solitary lung parenchymal metastases may be 
considered for resection with curative intent.

CT/PET is sensitive and highly specific in the detec-
tion of high grade sarcomas; both of the primary tumour 
and its’ metastases, and its use has been shown to 
change patient management [37]. However, low grade 
tumours have a low 18-FDG uptake and SUV, which is 
likely to make detection insensitive, until there is a sig-
nificant mass or volume of tumour recurrence which is 
then likely to be evident on CT or MR imaging.

Even if the primary tumour is small, (Fig. 4.19) there 
may be unexpected haematogenous dissemination as 
well as a propensity for local, peritoneal, or retro perito-
neal recurrence (Fig. 4.22). However, there is a spectrum 
of behaviour and low grade sarcomas can demonstrate 
an indolent behaviour, with metastases to lungs, perito-
neum or other solid organs, or venous invasion occurring 
more than 20 years after initial resection. The pattern of 
recurrence of low grade sarcoma is unusual to the point 
that if the patient presents with an solid peritoneal or 
retro peritoneal tumour even two decades after initial 
treatment, recurrent sarcoma should be considered.

a b

Fig. 4.21  (a) LMS with areas of necrosis, (broad arrow) com-
pression of endometrial cavity (arrow) and metastasis to rectovag-
inal septum (arrowhead). Urinary catheter is in situ. (b) Marked 

early vascular enhancement of solid tumour with linear hypovas-
cular striations (arrow) non-enhancing necrosis (broad arrow)
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There is an unusual propensity for lower grade sar-
comatous tumours to invade venous structures and 
metastasise as an extending plug of vascular tumour 
into pelvic veins and inferior vena cava even extending 
into the right atrium and ventricle (Fig. 4.18), in the 
same way as occurs with tumour thrombus from renal 
cell carcinoma. This may present with venous obstruc-
tion and cardiovascular related signs many years after 
the primary tumour resection. Tumour thrombus can 
be differentiated from normal venous thrombus by 
vascular enhancement. Contrast studies will also dif-
ferentiate a tumour “plug”, which can be removed 
fairly easily by thrombectomy, or whether there is 
actual vascular invasion of the vessel wall. It is not 
possible on imaging, to differentiate this venous “plug” 
from benign intravascular leiomyomatosis, and a pre-
vious history of even a low grade sarcoma is the key to 
correct diagnosis.

These patients need long term follow up, for  ten 
years or more, but tumour markers are not helpful and 
there is little published guidance on the frequency of 
imaging. Further imaging should be guided by factors 
governing prognosis: patient age, tumour grade and 
mitotic index and stage at presentation. For younger 
patients, with low grade tumours, follow-up annual 
chest films with MR scans of abdomen and pelvis 
would be worthwhile for 5 years. Following this, a 
2-yearly MR scan might be more appropriate, depend-
ing on resource. Frequent screening with whole body 
CT scans should be avoided due to the cumulative 
radiation dose.

4.5.1.5 � Adenosarcoma

This uncommon mesenchymal tumour comprises 
approximately 8% of uterine sarcomas and presents in 
the same way as most uterine cancers – with unsched-
uled vaginal bleeding in a post-menopausal patient. 
These are usually large polypoid endometrial tumours 
that at histology contain homologous uterine elements 
such as smooth muscle and stromal cells or heterolo-
gous, non-uterine tissues such as striated muscle, carti-
lage and fat. On MR imaging this tumour is usually 
apparent as a partly cystic/solid, septated mass distend-
ing the endometrial cavity. There is usually early mac-
roscopic evidence of myometrial invasion. The solid 
areas are of intermediate to low signal on T2 weighted 
sequences, but in common with other sarcomas, show 
prominent post-contrast enhancement, in addition to 
areas of haemorrhage and necrosis. This tumour has a 
poor 5-year survival, in the order of 10–25% and stag-
ing and follow-up should be as for other aggressive 
endometrial cancers such as carcinosarcomas [38].

4.5.2 � Cervical Cancers

Squamous and adenocarcinomas are the commonest 
sub types of epithelial cancer, constituting over 95% 
of all cervical neoplasms. Non-epithelial cancers; 
Lymphomas, rhabdomyosarcomas and other sarcoma-
tous tumours are extremely rare and may occur as a 

a b

Fig. 4.22  CT recurrent leiomyosarcoma post-hysterectomy and 
bilateral oophorectomy. (a) Ascitic fluid (star) within Pouch of 
Douglas with peritoneal deposit (arrow) adherent to right pelvic 

side wall. (b) Solid, well-defined and large vascular metastasis 
(arrow) inferior to left kidney
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direct extension from the uterus. Unfortunately, with few 
exceptions, imaging appearances cannot usually differ-
entiate specific histological tumour types in the cervix, 
but occasionally, appearances can suggest, or correlate 
with a more unusual or aggressive tumour type, particu-
larly if a large cervical neoplasm presents as an interval 
screen detected cancer.

Although squamous carcinoma is the commonest 
epithelial cancer, adenocarcinoma is now occurring 
with increased frequency, comprising 10–20% of 
cases, often in older women and with a worse progno-
sis, stage for stage, than squamous cancer.

Most cervical malignancy originates at the squamo-
columnar or transformation zone in the cervix. As this 
migrates cephalad with increasing age, becoming endo-
cervical, adenocarcinomas in elderly patients can be 
almost completely endocervical [66]. This may result 
in a “barrel shaped” enlarged cervix with clinically a 
grossly normal appearance to the ectocervix and pres-
ervation of the endocervical canal [47]. If biopsy results 
indicate an adenocarcinoma, differentiation from an 
advanced or aggressive endometrial cancer involving 
the cervix can be difficult. MR can help to determine 
the origin of tumour in these patients by identifying the 
greatest bulk and site of tumour and by weighting the 
imaging behaviour of cervical vs. endometrial tumour 

extension, for example by suggesting a uterine origin 
when there is little or no parametrial tumour extension 
in the setting of a large mass involving the lower uter-
ine segment and endocervical canal (Fig. 4.23).

Adenoma Malignum (also known as minimal devia-
tion adenocarcinoma) is a sub type of mucinous adeno-
carcinoma, with a prevalence of 1.3–3% of all cervical 
adenocarcinomas (Fig. 4.24). It has a worse prognosis 
than adenocarcinoma, being less responsive to chemo-
radiation. There is an association with Peutz-Jeghers 
syndrome, which also has an increased incidence of 
ovarian mucinous tumours and sex cord tumours with 
annular tubules (SCTAT) of the ovary [61]. The usual 
presentation is with watery discharge and unscheduled 
bleeding. MRI appearances are of prominent endo-
cervical glandular proliferation extending into the cer-
vical stroma, sometimes with solid areas, which are 
almost indistinguishable from prominent Nabothian 
cysts, or endocervical mucosal hyperplasia [62, 66]. 
However, if contrast sequences are obtained then solid 
elements within the tumour will enhance distinguish-
ing tumour from adjacent cervical stroma and simple 
benign cystic disease [40].

The deep penetration into the stromal tissue by 
endocervical glands requires a deep mucosal biopsy 
for diagnosis, rather than a PAP smear.

a b

MRI Sagittal T2W MRI Coronal T2W

Fig. 4.23  Endometrial neoplasm clinically presenting as a large 
cervical adenocarcinoma. Extensive tumour is seen in the endo-
metrial cavity (arrows) extruding through internal os, involving 

cervical stroma and distending cervix (broken arrow), but with-
out parametrial extension
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The detection of lymph node metastases on MRI 
may be more difficult with mucin secreting tumours 
(as occurs with mucin secreting rectal tumours), as this 
can result in high signal on T2 weighted sequences 
similar to background fat appearances.

Glassy cell, Adenosquamous cervical carcinoma is 
a poorly differentiated neoplasm, more common in 
younger women with an incidence of 1.5–7.5%. On 
MRI it is usually a solid tumour, hyperintense to cervi-
cal stroma. It has a poor prognosis and is often advanced 
at the time of presentation, with reported 5-year sur-
vival of 13–30% [63].

4.5.2.1 � Small Cell Carcinoma

There is a spectrum of rare neuroendocrine tumours 
which may arise in the cervix. These rare tumours 
account for 0.5–6% of cervical tumours. Small cell 
cervical tumours are renowned for their highly aggres-
sive behaviour and advanced stage at presentation. 
Prognosis is poor with a 35–60% 3-year survival and 
almost 0% 5-year survival for tumours greater than 
stage 1B1 [48, 64]. Tumours enlarge rapidly and 
patients often present with large, lobulated inoperable 

tumours with widespread lymphtic and haematoge-
nous dissemination (Figs. 4.25 and 4.26). The diagno-
sis may be suspected when there is grossly disseminated 
disease, particularly in the presence of biochemical 
abnormality such as hypercalcaemia, or when exten-
sive disease occurs in an interval screen detected can-
cer. If small cell carcinoma is evident from cervical 
biopsy, then although MRI is helpful for optimal local 
staging to determine whether surgery is an option, 
complete assessment of metastatic disease is recom-
mended with CT, or CT/PET, of chest, abdomen and 
pelvis. Even when tumours appear confined to the cer-
vix, without obvious nodal involvement, there is 
increased likelihood of distant metastatic disease. 
Although comprehensive imaging is important, it is 
important that imaging does not delay initiation of 
treatment, particularly with chemotherapy. Small cell 
cervical tumours should be regarded in the same way 
as small cell lung cancers i.e. as a systemic disease and 
treatment should be initiated as soon as possible.

On MRI there is often a bulky lobulated tumour 
with extensive parametrial extension, with increased 
signal on T2 weighted sequences and avid post-con-
trast enhancement with foci of necrosis and haemor-
rhage (Fig. 4.26). Most squamous and adenocarcinomas 

a b

Fig. 4.24  Adenoma malignum. (a) Sagittal and (b) coronal T2W 
MR – large, high signal tumour, replacing cervix and contain-
ing  multiple large and small foci of mucinous fluid (arrow) 
mimicking nabothian cysts. Vaginal metastases (broken arrows). 

(b) There is complete cervical stromal invasion by tumour, with 
foci of high signal mucin (broken arrows) with extension into the 
parametria (arrows). Incidental right ovarian cyst (star)
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of the cervix are of increased signal on T2W sequences 
compared to cervical stroma, but generally only 
show intermediate post-contrast enhancement. Bulky, 
widespread nodal metastases, often showing central 
necrosis on CT or MRI is usually present, even when 
the primary tumour is less than 4 cm in diameter. There 
is also a propensity to involve unusual nodal groups 
e.g. inguinal nodes (Figs. 4.9 and 4.26).

4.5.3 � Uterine and Cervical lymphoma

Primary lymphoma affects the cervix more often than 
the uterine corpus, although the uterus is more often 
involved than the cervix as a secondary site for lym-
phoma (Fig. 4.27).

It is a rare tumour comprising less than 1% of primary 
cervical neoplasms [65]. On MR imaging, the tumours 

a b

Fig. 4.25  Small cell cervical cancer, Clinical stage 1B in post 
menopausal patient: Liver metastases were present (not shown). 
(a) A small uterus with hydrometra is seen, secondary to 
cervical occlusion by high signal tumour with marked exophytic 

“mushroom” appearance (arrow). (b) Post contrast, there is rapid 
heterogenous enhancement, but with areas of non-enhancement 
corresponding to necrosis

a b

 MRI Sagittal T2W  MRI Axial T2W

Fig.  4.26  Small cell cervical cancer, pre menopausal patient: 
(a) Extensive ‘mushroom’ of ectocervical tumour (arrow) 
extending to parametria, involving rectum (broken arrow). 

(b)  Gross pelvic lymphadenopathy with necrosis (arrows), 
obstructed ureters (arrowheads), rectal involvement is present 
(broken arrow)ak
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are bulky, poorly defined and usually hyperintense on T2 
and hypointense on T1 weighted sequences with respect 
to myometrium, with a diffuse infiltration. Distinguishing 
features are that the endocervical epithelium may be pre-
served in the presence of extensive stromal tumour and 
that unlike other large neoplasms, necrosis is rarely evi-
dent. Nodal metastases are also unusual until the tumour 
becomes advanced. Lymphoma involving the uterine 
corpus may also show extensive bulky tumour but with 
preservation of the endometrium [43].

Post contrast, there is fairly homogenous tumour 
enhancement which is almost as prominent as normal 
myometrium, in contrast to poorly enhancing endome-
trial adenocarcinomas or hypervascular sarcomas.

In common with other lymphomas, CT of chest 
abdomen and pelvis is recommended for initial com-
plete staging and to exclude secondary involvement of 
the uterus from primary lymphoma elsewhere.

4.5.4 � Cervical Sarcomas

Cervical sarcomas, comprising mostly LMS and 
rhabdomyosarcomas, are extremely rare and with a 
few exceptions for more differentiated sub-types, are 

associated with a poor prognosis. Most have early 
haematogenous metastases and initial staging should 
include CT of chest, abdomen and pelvis.

Rhabdomyosarcomas may be suspected by the pres-
ence of a bulky, vascular tumour replacing the cervix in 
an adolescent, although gynaecological rhabdomyosar-
comas occur more commonly in the vagina or vulva.

LMS occur in the 4th to 6th decades, involving the 
cervix are usually bulky, lobulated, heterogenous 
hypervascular masses with extension into adjacent tis-
sue planes at presentation [40, 41]. They have similar 
features to uterine LMS.

4.5.5 � Vaginal Tumours

Primary vaginal malignancies, comprise 1–2% of 
gynaecological malignancies, although vaginal metas-
tases, especially from other gynaecological tumours, are 
not uncommon, accounting for more than 80% of vagi-
nal neoplasia. Involvement of the vaginal vault follow-
ing resection of previous gynaecological malignancy is a 
particularly a common manifestation of recurrence. The 
majority of primary tumours (over 85%) are squamous 
cancers, usually with the same epidemiological risk 

a b

Fig. 4.27  (a) Primary lymphoma of uterus and cervix (arrows) 
expanding and destroying normal zonal architecture and 
hypodense cervical stroma. Overall organ shape is maintained. 
Further extension to vaginal wall (arrowhead). (b) Post contrast, 

tumour enhances almost as well as myometrium (cf. endome-
trial cancers). Note abnormal enhancement and expansion of 
cervix but with normal configuration of endocervical canal
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factors as for cervical cancers. Although it can be dif-
ficult to decide the site of origin if the cervix is involved, 
75% of squamous vaginal tumours arise in the cervix 
and this is then considered to be the site of origin. The 
FIGO classification regards any tumour involving the 
external os as a cervical primary tumour, regardless of 
the size of the vaginal component.

Most primary vaginal squamous tumours arise in 
the posterior, upper third, which may be related to 
repeated coital trauma and this may be preceded by 
vaginal intraepithelial malignancy (VAIN).

Adenocarcinomas, melanoma, sarcoma and metas-
tases account for the remaining tumours, often occur-
ring in a younger age group [67, 69].

Adenocarcinomas are associated with in utero 
exposure to diethylstilbestrol (DES), predominantly 
used in the USA up until the 1970s.

There is an increased incidence of squamous carcino-
mas occurring more than 10 years after successful radio-
therapy for cervical carcinoma (Fig. 4.28) [67]. Although 
it is difficult to exclude primary vaginal neoplasms occur-
ring as a result of persistent risk factors, in our experience, 
some of these tumours have occurred at slightly atypical 
locations, often at the penumbra of the previous radiother-
apy field. An increased incidence of vaginal LMS has also 
been reported more than 5 years following radiotherapy.

Clinical presentation is usually with irregular vagi-
nal bleeding or discharge, pain, urinary symptoms and 
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MRI T2W Sagittal

a b

MRI T2W Axial

u

MRI T2W Sagittal

c

Fig. 4.28  Squamous Vaginal Carcinoma arising in lower vagina 
20 years after radiotherapy for cervical carcinoma. MRI Sagittal 
T2W (a) Tumour (arrow) encircling lower vagina and invading 
urethra (not shown) chronic post-radiotherapy changes to cervix 
and uterus (broken arrow). (b) T2W Axial section lower vagina 

(v): extensive infiltrating tumour (arrow) involving puborectalis 
muscle bilaterally (arrows). Normal appearance of urethra (u) and 
anorectal (r) junction at this level. (c) Four months post-radiother-
apy shows good response of vaginal tumour (arrow). Acute radio-
therapy related change in rectum (broken arrow)

ak
us

he
r-li

b.r
u



44 R. Connor

a feeling of a mass. Clinically, tumours are usually vis-
ible as an ulcerating or fungating mass and less often as 
a constricting or annular lesion. Imaging is important 
to determine stage and potential resectability. Tumours 
are usually advanced at presentation, with infiltrative 
margins which spread easily to urethra, bladder base 
and rectum due to lack of adjacent peritoneal or ana-
tomic fascial planes. Nodal metastases occur early and 
these may include inguinal as well as intrapelvic nodes 
[68]. Extension to pelvic muscles (Figs. 4.28 and 4.29), 
precludes successful surgical resection.

Most tumours are of intermediate to high signal on 
MRI T2 weighted sequences. The high signal intensity 
of the tumour allows accurate determination of tumour 
penetration through the normal low signal muscular 
wall of the vagina (Fig. 4.29b) providing staging infor-
mation and suitability for surgery. Tumours with very 
high signal, approximating to fluid, suggest either areas 
of necrosis in an aggressive squamous carcinoma or 
mucin secretion tumour in an adenocarcinoma. The 
latter occur more commonly on the upper anterior wall 
and without previous DES exposure are thought to 
arise in foci of adenosis or endometriosis. These tend 
to be bulky tumours, correlating with clinical findings.

Vaginal Melanomas are less common than vulval mel-
anomas. There are only a few reports of imaging appear-
ances with MRI. Melanin has a paramagnetic effect 
giving increased signal on MR, so depending on the 

amount of melanin in the tumour, they can present with a 
solid tumour that may show increased signal on both T1 
and T2W sequences, although this can be confused with 
intratumoural haemorrhage. Amelanotic tumours will 
have a low signal on T1W sequences; thus an absence of 
increased signal does not exclude melanoma [69].

LMS are extremely rare aggressive tumours, with a 
reported increased incidence following previous radio-
therapy. Imaging appearances have been reported as 
being similar to uterine and cervical LMS; with bulky, 
heterogenous and vascular enhancing tumours. Areas 
of haemorrhage and necrosis may be apparent. The lat-
ter appearances may help to differentiate this  from 
benign vaginal leiomyomas, which usually have  the 
same imaging characteristics as mature uterine  leio-
myomas; typically low signal on T1 and T2 weighted 
sequences due to the mature fibrous tissue (Fig. 4.30).

4.5.6 � Rare Ovarian Tumours

Most patients with rare ovarian cancers will present 
with the same symptoms and signs as common epithe-
lial tumours. But those rare tumours associated with 
abnormal biochemistry, or hormone secretion will 
often be present with clinical signs or symptoms related 
to that functional activity.

u

v

r

r

a b

MRI Sagittal T2W

Fig. 4.29  Squamous Carcinoma developing in mature teratoma: 
Squamous Vaginal carcinoma stage 4 a) primarily involving (a) 
posterior upper two thirds (arrow). Involvement of mucosal surface 
of cervix (broken arrow) extension to rectum (r) through 

rectovaginal septum (small arrows). (b)  Axial section through 
upper vagina. Tumour (arrow) extending to left levator and urethral 
muscle (broken arrow) (u-urethra, v-vagina, r-rectum) Note normal 
low signal of uninvolved right vaginal wall muscle (arrowhead)
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Age at presentation is a particularly important dis-
criminatory factor so that in the first three decades a 
germ cell or sex cord stromal tumour is the commonest 
ovarian malignancy. Hormonally functioning tumours, 
such as granulosa tumours (GCT), with increased 
oestrogen levels, may present with effects secondary 
to endometrial hyperplasia Conversely, virilisation 
may prompt diagnosis of a Sertoli Leydig tumour. 
Small cell ovarian carcinomas often have accompany-
ing metabolic disturbances such as hypercalcaemia or 
struma ovarii tumours that of associated hyperthyroid-
ism [88]. This additional clinical information will 
influence the radiological interpretation of an adnexal 
mass and add clues to allow a specific diagnosis based 
on imaging interpretaion.

4.5.7 � Germ Cell Tumours

These can be broadly divided into teratomatous and 
non-teratomatous. Teratomatous tumours are further 
divided into benign and malignant categories, with fur-
ther subdivision of malignant types into monophasic, 
such as carcinoid tumours and polyphasic which includes 
malignancy developing in benign mature teratomas, and 
immature teratomas with several malignant elements.

Non-teratomatous germ cell tumours comprise dys-
germinoma, yolk sac tumour, non-gestational chorio-
carcinoma and gonadoblastoma.

4.5.8 � Teratoma

Mature teratomas are most frequent in children and pre-
menopausal women, with up to 10% bilateral. These 
tumours contain mature adult tissue from at least two of 
three germ cell layers: ectoderm, endoderm and meso-
derm and radiologically are usually easily identified on 
CT, MRI, and often on ultrasound, by the characteristic 
appearance of fat, calcification or bone, and hair or 
sebaceous elements. The latter is often seen as an oily 
layer, perhaps containing a hair ball, floating on the fluid 
component of a cyst (Fig. 4.31). Hair, bone and teeth 
commonly arise from a solid “Rokitansky” nodule, an 
avascular solid nodule projecting intraluminally from 
the cyst wall [90]. Post-contrast enhancement of a 
Rokitansky nodule is suspicious, but not specific for 
malignant transformation [90]. When the combination 
of fatty and calcified elements are missing, the imaging 
diagnosis of a benign dermoid cyst is more difficult.

Monodermal teratomas, arising from one germ cell 
line, can give rise to struma ovarii, primary carcinoid 
or neural tumours and some of these tumours have a 
more specific imaging appearance [71, 72].

Malignant transformation of elements of a mature 
teratoma has a reported incidence of less than 1%, and 
can occur in any one of the three germ cell layers, 
although squamous carcinoma, arising from epithelial 
elements occurs most commonly, accounting for 80% 
of cases [73, 90]. Malignant transformation of a mature 
teratoma generally has a poor prognosis, occurring 
typically in a patient beyond the fourth decade of life, 
with a large, greater than 10 cm cyst, which is rapidly 
increasing in size. On imaging, there is often a promi-
nent, irregular and vascular/enhancing solid compo-
nent (Figs. 4.31 and 4.32) which can be seen to extend 
beyond the cyst margin and infiltrate adjacent tissue 
planes. Peritoneal involvement may produce ascites 
(Fig. 4.32). Metastases may be either lymphatic, hae-
matogenous or intraperitoneal. Local tissue invasion of 
the pelvic side wall often results in incomplete surgical 
excision and recurrence, particularly if this is not iden-
tified pre-operatively with referral to a specialist unit.

These malignant teratomas may be associated with 
elevated Squamous Carcinoma Antigen, CA125 and 
CEA levels, which may be helpful in surveillance moni-
toring, with rising levels triggering further imaging [71].

Struma Ovarii is a mature monodermal cystic tera-
tomas composed entirely or predominantly of thyroid 
tissue, containing variable sized follicles with colloid 
material. Thyroid tissue is not infrequently part of a 
mature teratoma. Thyrotoxicosis can occur in about 

Fig. 4.30  Vaginal Leiomyomas: Seventy-two year old woman 
with vaginal discharge. Previous hysterectomy for benign dis-
ease. Low signal masses T2W (and T1W not shown), consistent 
with leiomyomas
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5% of cases and thyroid carcinoma can occur rarely, 
behaving in a similar manner to primary thyroid malig-
nancy. This will require specific imaging with radioac-
tive iodine and possibly CT/PET, with management 
similar to that of a primary thyroid malignancy, but 
likely to involve total thyroidectomy to allow follow-
up surveillance with serum thyroglobulin levels.

The imaging appearances of struma ovarii are com-
plex, often with multiple cystic and solid areas. On 
MRI, these cystic locules show variable signal inten-
sities secondary to the thick, gelatinous colloid mate-
rial which varies in proteinaceous or haemorrhagic 
content, causing changes in MR signal within each of 
the locules (Fig.  4.33). Despite this, when hyperthy-
roidism is not present, it can be difficult to differenti-
ate appearances from other causes of complex cystic 
adnexal masses, both benign and malignant, such as 
endometriosis, tuboovarian abscesses and cystadeno-
carcinoma [71].

4.5.9 � Carcinoid Tumours

These are the second commonest monodermal ovarian 
teratomas after struma ovarii and these are regarded as 
malignant.

a b

Fig. 4.31  Squamous Carcinoma developing in mature teratoma: 
Squamous Cancer arising in mature teratoma: 50-year-old 
patient with increasing abdominal girth and pain. Bilateral, 
mature teratomas with development of cancer in left teratoma. 
(a) Typical fat fluid level and floating hair ball (arrow) within 

upper margin of large cyst. (b) Inferiorly, large vascular compo-
nent to the solid element which, extends through the cyst wall 
(arrow). Enlarged, malignant left obturator node (small arrow). 
Coexisting small right mature teratoma (ellipse)

CT Coronal Reconstruction

Fig. 4.32  Sebaceous gland tumour arising in a mature teratoma:  
Note large size of cyst with irregular enhancing solid area 
(arrow) in addition to foci of fat and calcification (short arrows). 
On other sections, areas of capsular invasion are seen with a 
pocket of abdominal ascites (*)
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Primary ovarian carcinoids tumours are usually 
slow growing, medium sized (8  cm) unilateral, solid 
hypervascular, tumours occurring in post-menopausal 
patients [72].

Functioning tumours are generally greater than 
10 cm in size and arise from the progenitor neuroendo-
crine cells of respiratory or gastrointestinal epithelium 
in teratomas. Approximately, one quarter to one third 
of primary ovarian carcinoid tumours (almost always 
of insular type) will result in the carcinoid syndrome. 
Unlike gastrointestinal carcinoid tumours, secretion of 
serotonin analogues into the systemic ovarian veins 
directly will bypass the breakdown by hepatic enzymes 
and result in the carcinoid syndrome, without the pres-
ence of hepatic metastases; thus the development of 
the syndrome and resultant cardiovascular effects is 
likely to be proportionally higher than for GI carcino-
ids. Patients may initially present with the valvular 
effects of right heart failure, in the absence of a symp-
tomatic pelvic mass.

Most patients will present with stage one disease, 
localised to the ovary, although image interpretation 
may be confused by the cardiac effects of cardiac carci-
noid syndrome producing ascites secondary to heart 
failure. In stage one disease, unilateral oophorectomy 

does not appear to predispose to recurrence. There is the 
potential for a long progression-free interval of more 
than 10 years, with prolonged follow-up warranted. 
Survival in higher stage disease is poor; with a histori-
cal 33% 5-year survival reported [75].

Although CT scan of the chest, abdomen and pelvis 
is recommended for full staging, as for other advanced 
ovarian cancers, the majority of carcinoid tumours will 
have somatostatin receptors avid for Indium labelled 
Octreotide or pentreotide and uptake of these radiotrac-
ers can be used for localisation of the primary tumour 
and metastatic disease as well as targeted direct therapy 
with therapeutic doses of radioisotopes. Follow-up 
imaging can be prompted by a rise in urinary 5 hydroxy 
indole acetic acid (5 HIAA) and/or plasma serotonin. 
For non-functioning tumours, CT/PET is likely to loca-
lise metastases, although CT post-contrast, particularly 
in a late arterial phase, is likely to detect most deposits 
due to the hypervascular nature of this tumour.

In common with carcinoid tumours from lung and 
bowel, an unusual feature is the presence of sclerotic 
bone metastases, which can be easily overlooked 
(Fig. 4.34). These usually show intense uptake on iso-
tope bone scans.

4.5.10 � Immature Teratomas

Malignant, immature ovarian teratomas or germ cell 
tumours, comprise approximately 2–3% of ovarian can-
cers. Apart from their usual presentation in the first three 
decades of life, these tumours, which contain immature 
or embryonic tissues, typically secrete a combination of 
human chorionic gonadotrophins, alpha fetoproteins, 
human placental lactogen and lactic dehydrogenase. 
Cross-sectional imaging, with either CT or MR in these 
young patients is often prompted by an abnormal 
tumour marker profile after a complex mass is initially 
seen on ultrasound. Occasionally, patients will present 
acutely with pain, secondary to torsion or haemorrhage 
and a diagnosis will only be made following emer-
gency surgery. Five percent of these tumours are bilat-
eral, predominantly dysgerminomas and less often 
yolk sac tumours, so pre-operative imaging is impor-
tant to define the extent of disease so that fertility spar-
ing surgery can be considered. In 10–15% of cases, CT 
or MR will identify a benign mature teratoma on the 
contralateral ovary.

Fig.  4.33  Recurrent malignant struma ovarii (thyroid carci-
noma) to vaginal vault (arrow) post total hysterectomy and 
oophorectomy. Similar appearance to primary tumour, with 
multiple locules with different “shading” on MRI
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Many of these tumours are aggressive, often with a 
poor prognosis, although treatment and survival has 
improved, particularly with dysgerminomas. Early 
haematogenous and lymphatic spread in most germ 
cell tumours requires full staging of chest, abdomen 
and pelvis. Initial CT of the chest is recommended to 
detect lung metastases. Although CT in the abdomen is 
more sensitive than MRI for the detection of calcifica-
tion, MRI is often more appropriate for assessment of 
the abdomen and pelvis, to minimise radiation doses in 
these young patients, particularly when a malignant 
diagnosis has not been established.

On imaging, immature germ cell tumours can be 
differentiated from mature teratomas by their larger 
size, (mean diameter 12–25 cm) and by the larger pro-
portion of solid tissue, often irregularly dispersed 
around the cystic mass. Fat and calcification also tend 
to be more irregularly dispersed within the cyst 
(Figs.  4.35 and 4.36). Metastatic disease within the 

peritoneal cavity may manifest not only as areas of 
solid enhancing tissue, but as foci of calcification and 
fat (Fig.  4.37). Ascites may or may not accompany 
metastatic peritoneal dissemination, but tends to be 
less prominent than in routine epithelial tumours.

At surgery, or on follow-up imaging, multiple small 
peritoneal implants may be seen. This condition is 
likely to represent benign gliomatosis peritonei. Some 
of these deposits may grow large enough to warrant sur-
gical excision. However, they should be distinguished 
from the development of metastatic peritoneal deposits 
of tumour which may be distinguished by showing dis-
crete foci of fat or calcification, best appreciated on CT 
rather than MRI on follow-up imaging (Fig. 4.37).

Dysgerminomas comprise approximately 50% of 
malignant germ cell tumours, occurring most often in 
the second to third decades. They are typically solid, 
with a propensity to spread to lymph nodes and up to 
10% can be bilateral.

a b

MRI Axial T1W Post ContrastMRI Axial T2W

c

MRI Axial T1

Fig. 4.34  Bilateral ovarian carcinoid tumours; 50 year old patient. Solid, well-defined, lobulated, hypervascular masses with areas 
of central necrosis (arrows). (c) Sclerotic  metastasis to right femoral head
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On imaging with CT or MR, there is often a large, 
solid, lobulated mass with areas of haemorrhage, 
central  necrosis and on CT, speckles of calcifica-
tion. Post-contrast, there is general enhancement of 
the tumour bulk but with prominent, characteristic 

enhancement of fibro vascular septae running through 
the mass. Ascites may be present, but nodal spread 
is more common than peritoneal dissemination 
(Figs. 4.38 and 4.39) [47].

These tumours often present with stage one disease 
unlike other malignant germ cell tumours and generally 
have a better prognosis with 5-year survival for early 
stage of 95%, reducing to 65% for advanced stage dis-
ease. Fertility sparing surgery is therefore particularly 
important. In patients with dysgenetic gonads ( contain-
ing a Y chromosome ) there is a 50% chance of gonadal 
malignant degeneration. If bilateral oophorectomy is 
not performed, the contralateral ovary should be care-
fully assessed and followed up with both imaging and 
tumour markers (HCG and LDH) [76]. Although there 
is little supporting evidence, 6 monthly transvaginal 
ultrasound and tumour markers may be appropriate, in-
line with patients at high genetic risk for development 
of epithelial ovarian cancer. In these young patients, 
surveillance of the abdomen and pelvis should prefera-
bly utilise MRI, but comprehensive imaging of abdo-
men and pelvis in early stage disease may only be 
necessary if triggered by a rise in tumour markers sug-
gesting recurrence.

MRI Coronal T1W MRI Coronal T2W Fat Saturated CT Scan

a b

c

Fig. 4.35  Immature cystic teratoma, 13 year old: (a) Very large 
complex malignant cystic immature teratoma extending to the 
xiphisternum. The fat component (arrow) follows that of subcu-
taneous fat signal (*). (b) T2W fat saturated image; the fat fol-
lows the subcutaneous fat signal and the high signal fluid and 

solid tissue component (short arrow) is accentuated. (c) CT 
shows the fat (arrow), but also fine calcification (small arrow) 
and solid tissue within the cyst. Note right hydronephrosis sec-
ondary to pressure effect

Fig. 4.36  CT: large Immature teratoma with foci of fat, calcifi-
cation, solid tissue, ascites (arrow) and malignant umbilical 
nodule (arrowhead)ak
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a b c

Fig.  4.37  Immature Teratoma recurrence: (a) CT: Follow-up, 
after hysterectomy and bilateral oophorectomy. Peritoneal thick-
ening over the dome of the liver (arrow). (b) Six months later, 

there is increase in calcification within the hepatic pericapsular 
deposit (arrow) and (c) a deposit of fat (negative Hounsfield units 
on CT) appearing in an anterior subcapsular deposit (arrowhead)

4.5.11 � Yolk Sac Tumours

Yolk sac tumours, or endodermal sinus tumours, 
comprise approximately 20% of malignant germ cell 
tumours; less than 1% of all malignant ovarian tumours, 
usually presenting in the second decade of life [77]. 
They often have mixed histology, occurring in combi-
nation with other tumour types, but these are usually 
aggressive tumours, rapidly increasing in size and 
often presenting with advanced stage disease.

They are usually large, greater than 10 cm solid/
cystic, hypervascular masses, and frequently present-
ing with increasing girth, pain, haemorrhagic ascites 
or haemoperitoneum leading to emergency laparo-
tomy. Pre-operative imaging and staging is often lim-
ited when there is an acute presentation, but as these 
tumours are almost always unilateral, bilateral 
oophorectomy is not generally indicated, although 
the prognosis is related to optimal surgical debulking. 
On CT [78], and MRI (Fig. 4.40) a complex, hyper-
vascular mass with areas of cystic change/degenera-
tion and prominent tumoural and feeding blood 
vessels is typically seen, with dense ascitic fluid cor-
responding to haemorrhage. A concurrent mature 
teratoma may be present which can contribute an area 
of focal fat and calcification. Peritoneal dissemina-
tion can occur with ascites and peritoneal implants. If 
acute cyst rupture occurs, these tumours may be mis-
taken for an ectopic pregnancy, presenting with hae-
moperitoneum and a complex adnexal mass, but as 
they secrete alpha fetoprotein rather than HCG, a 
complex ruptured luteal cyst is more likely to cause 
greater diagnostic confusion in the pre-operative dif-
ferential diagnosis.

Prognosis is often poor with 5-year survival of 95% 
for stage 1, diminishing to 25% for stage 4 disease with 
frequent early local and peritoneal recurrence [48].

4.5.12 � Sex Cord Stromal Tumours

Sex cord stromal tumours are uncommon, comprising 
approximately 8% of ovarian tumours. They arise from 
ovarian stromal cells, giving rise to thecomas, fibro-
mas and Leydig tumours [88]. Primitive sex cords give 
rise to tumours of granulosa cell, steroid cell and 
Sertoli cell lines within ovarian tumours. These 
tumours affect all age groups and a large proportion of 
them give rise to  oestrogenic or virilising effects. 
Hormonal effects prompt earlier presentation and 
unlike epithelial tumours, most (70%) of the malignant 
tumours present at FIGO stage 1, and therefore usually 
have a good prognosis following complete surgical 
excision. In contrast to epithelial and immature germ 
cell tumours, most sex cord tumours are predominantly 
solid (Fig. 4.41) [77, 80].

4.5.13 � Granulosa Tumours

These tumours comprise between 2 and 5% of all ovar-
ian neoplasms and are the commonest malignant sex 
cord stromal tumour. Most tumours are functional, 
secreting oestrogen, which results in approximately two 
thirds of patients presenting with endocrine manifesta-
tions of either pseudo precocity (early puberty without 
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Ut

CT Coronal Reconstruction CT Axial
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Transverse Ultrasound Pelvis

a b

c

Fig.  4.38  Dysgerminoma of left ovary in a 25-year-old with 
abdominal pain and distension. (a and b) Large solid left adn-
exal mass (broad arrow) displacing uterus (Ut) with distended 

left ovarian vein (broken arrow), enlarged para-aortic lymph 
nodes (small arrows) and ascites (*). Corresponding initial 
ultrasound; (c) confirms solid homogenous nature

early ovulation), or post-menopausal or unscheduled 
bleeding secondary to endometrial hyperplasia or 
endometrial cancer. Due to the hypervascular nature 
of this tumour, patients can also present with an acute 
abdomen secondary to haemoperitoneum, mimicking 
an ectopic pregnancy in younger patients.

Granulosa cell tumours (GCT) are divided into 
juvenile and adult types, depending on histology. The 
juvenile type is associated with Ollier’s disease (mul-
tiple enchondromatosis) and Mafucci syndrome (mul-
tiple enchondromatosis and haemangiomas)and should 
be considered in a young patient with stigmata of the 

disease, presenting with a pelvic mass or if enchondro-
mata are seen on staging CT or MR scans.

Over 75% patients with GCT present with stage 1 dis-
ease, confined to the ovary. The juvenile form in particu-
lar tends to present early and have a more favourable 
prognosis, with less likelihood of recurrence. The more 
common adult type accounts for 95% of these tumours, 
with a peak prevalence around the menopause, 50–55 
years, although it can occur at any age. These tumours 
are considered to be a low grade malignancy, but are 
characterised by unpredictable recurrence, more than 30 
years after complete surgical resection [81] although 
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average recurrence times are between 5 and 10 years 
[80]. The likelihood of recurrence is most closely related 
to stage at presentation, but despite complete surgical 
resection, a significant number of patients with disease 
confined to the ovary will unexpectedly relapse [82, 83].

On imaging, GCT’s have a spectrum of appearances, 
but are typically a unilateral, fairly slow growing, encap-
sulated multi-cystic mass with septations and a large pro-
portion of solid tissue. They can also appear as completely 
solid masses. GCT’s are hypervascular tumours, which 
can lead to, complex, haemorrhagic cysts (Fig. 4.42) and 
it is this tendency to haemorrhage which can result in 
rupture with an accompanying haemoperitoneum. A 
small proportion of these tumours will be almost com-
pletely cystic and these are more often associated with 
androgen secretion and virilisation. Unlike epithelial 
tumours, calcification and diffuse intraperitoneal and 
nodal dissemination is rare and accompanying ascites is 
more likely to reflect previous or recent haemorrhage.

MRI is the most useful imaging to diagnose these 
tumours pre operatively, due to its ability to display the 
cyst morphology and to detect haemorrhage (Figs. 4.42 
and 4.43). On MRI, the tumour characteristically 
appears as a hypervascular mass with a myriad of small 
cysts [83]. The presence of secondary oestrogenic 
effects of endometrial thickening and hypertrophic 
endocervical mucous glands in a post-menopausal 

patient will also prompt suspicion that a complex adn-
exal mass may be a GCT.

Recurrrent GCT tumours share the same distribution 
pattern as epithelial tumours. Although deposits within 
the peritoneal cavity are the commonest site of recur-
rence (Fig. 4.44), involvement of the omentum or bowel 
mesentery is more unusual. Retroperitoneal recurrence 
also occurs frequently, although this probably relates to 
growth from a nodal deposit, but evidence of more gen-
eralised lymphadenopathy is rare. Haematogenous dis-
semination is rare, even with relapsed disease, but 
hepatic and lung metastases have been reported.

Recurrent tumour deposits tend to be slow growing, 
well circumscribed and ranging in size from 1 to 10 cm. 
They are usually solid but heterogenous, which reflects 
areas of necrosis and hypervascularity. The presenta-
tion of these masses, so long after treatment for the 
original tumour, not infrequently leads to an erroneous 
diagnosis of alternative pathology such as nerve sheath 
tumours or paragangliomas, depending on the site of 
recurrence.

Devising a follow-up approach for “at risk” patients 
is difficult due to this tumour’s unpredictable behaviour. 
Metastatic disease is often localised, which unlike most 
epithelial cancers, can result in significant long-term 
survival following repeat surgery. Thus imaging follow-
up for asymptomatic individuals may be justified.

a b

MRI Axial T2W MRI Axial T1W Post Contrast

Fig. 4.39  (a and b) Dysgerminoma left ovary in a 19-year-old 
with abdominal pain and distension. MRI appearances confirm a 
largely solid, enhancing large lobulated mass (arrows) with 
areas of cystic degeneration (arrowhead) and foci of haemor-

rhage. Arterial phase post-contrast images (4.39b) demonstrate 
enhancing fibrovascular septae (arrows). Ascites (*) and wide-
spread peritoneal dissemination (arrowheads) has occurred in 
addition to para-aortic nodal metastasis (not shown)
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In common with many other rare tumours, there is 
no evidence recommending a sensible strategy. Tumour 
markers are not always reliable, but a rise in serum 
inhibin levels may prompt a repeat imaging survey. 
Follow-up with screening ultrasound and MRI is pref-
erable to CT, to avoid cumulative radiation dose. 
Following a complete surgical resection, which may 
be limited to oophorectomy in selected cases, a 
follow-up of 2 yearly MRI scans, with interval annual 
ultrasound of abdomen and pelvis for 10 years should 
be considered, with symptomatic review subsequently. 
If recurrence occurs, more frequent MR scans may be 

indicated. CT/PET may not be reliable in detecting 
recurrence due to the variable growth-rate and heterog-
enous morphology of recurrence [84].

4.5.14 � Steroid Cell Tumours

Steroid cell tumours are particularly rare tumours, usu-
ally presenting in the fourth to fifth decade as virilising 
tumours, or occasionally presenting with Cushing’s 
syndrome. Approximately, one third are malignant.

Ut

MRI Sagittal T2W 

MRI Axial T1W Post Contrast

CT Scan

a b

c

Fig. 4.40  Yolk sac tumour: Fifteen year old with abdominal pain 
and distension. (a) MRI largely solid adnexal mass (solid arrow) 
invading uterus (Ut), with ascites (*), extensive peritoneal depos-
its (broken arrows) and lymph node involvement. (b) MRI post-
contrast: extensive and rapid enhancement of primary tumour, 

peritoneal deposits (broken arrows) and lymph nodes. (c) CT 
scan with foci of calcification, (arrow) in complex solid/cystic 
mass, dense ascites (*) and tortuous blood vessels in right ovar-
ian pedicle (short arrow)
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They are usually unilateral, small tumours, less than 
3  cm in size and on MR imaging, not only is there 
marked contrast enhancement, in common with other 
functioning sex cord stromal tumours, but the abun-
dant intracellular fat deposits that are characteristic in 
this tumour can be detected on MR with appropriate 
fat saturated or in and opposed phase  sequences. Small 
areas of cystic change or necrosis can also be seen but 
these are more often solid tumours. On transvaginal 
doppler ultrasound, intense vascularity can make these 
usually small tumours unusually conspicuous com-
pared to other small, solid tumours such as Brenner 
tumours or thecomas (Fig. 4.45).

4.5.15 � Stromal Tumours

Thecomas and fibromas are derived from the stromal 
elements of the ovary. They range from pure theco-
mas, with oestrogenic activity and little fibrosis, to 

fibromas with little hormonal activity. There is usually 
a combination of these cell types and these benign 
tumours constitute 4–6% of all ovarian tumours 
and  about half of all gonadal stromal tumours. The 
oestrogenic activity in thecomas is less than for GCT’s 
and the peak age for presentation is a decade later at 
59 years. The imaging appearances will depend to 
some extent on the proportion of thecoma to fibroma 
within the mass. Pure thecomas are slow growing, 
small, solid, well-defined tumours, which rarely cal-
cify. Occasionally, it may be possible to detect foci of 
fat on MRI. However, there is often a non-specific 
imaging appearance of a small solid mass on ultra-
sound, CT or MRI. Contrast enhancement will depend 
on the proportion of functioning tissue, with fibrous 
tissue generally enhancing poorly and only late in the 
contrast phase (Fig. 4.46).

Fibromas are often larger asymptomatic masses, 
typically well-defined, with low/intermediate signal 
on T1 and T2W MRI sequences, reflecting the fibrous 
tissue content within the mass (Fig. 4.46). They can be 

CT Coronal Reconstruction CT Sagittal Reconstruction

a b

Fig. 4.41  Sertoli Leydig Tumour; High Grade, stage 1A: Fifty-
six year old post-menopausal female. CT followed TV ultra-
sound for investigation of post-menopausal bleeding. (a) Note 
small well-defined and hypervascular solid area (arrow) adja-

cent to a few well-defined small cysts, within an enlarged left 
ovary. (b) A dilated left ovarian vein (arrow) reflects increased 
ovarian blood flow
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a b

MRI T2W Axial

c

MRI T1W Axial

MRI T2W Sagittal

Fig.  4.42  Granulosa cell tumour. Post-menopausal patient with 
PMB. (a) endometrial thickening and hyperplasia (double arrow) 
with prominent endocervical glands (broken arrow). (b) Small 

complex right ovarian cyst, with multiple septations (ellipse). 
(c) T1W image shows intra cystic haemorrhage (arrow)

confused with serosal uterine leiomyomas, but areas of 
calcification are uncommon; and they also occasionally 
undergo cystic degeneration. Infrequently, they result in 
Meig’s syndrome with benign, gross ascites and pleural 
effusions [85]. When associated with Gorlin’s syndrome 
(Multiple basal naevus syndrome), they are usually mul-
tiple and occur at an earlier age. The main differential 
diagnosis of these consistently low signal masses on 
MRI are epithelial benign ovarian Brenner tumours.

Sarcomatous degeneration can rarely occur and is 
manifest by an increasing signal on T2W images [88].

4.5.16 � Rare Epithelial Tumours

4.5.16.1 � Clear Cell Carcinoma

Clear cell ovarian cancers are unusual, accounting for 
approximately 10% of epithelial ovarian cancer, usually 
presenting in a post-menopausal age group. Clear cell 
tumours are associated with endometriosis in approxi-
mately one third of cases; more than other types of epi-
thelial cancer. This association with clear cell cancer is 
also increased in extra-ovarian sites of endometriosis.
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They generally present earlier, with stage 1 and 2 
disease compared to other ovarian adenocarcinoma, 
due to initial slow growth and a more common presen-
tation as a pelvic mass. But stage for stage, clear cell 
carcinoma has a worse prognosis, probably related to 
relative resistance to standard chemotherapy. It also 
has an increased presentation with thromboembolic 
phenomena and a higher incidence of paraneoplastic 
hypercalcaemia than other epithelial cancers [49].

MR provides better characterization of the mass, 
and clues to the likely pathology may be present with 
evidence of endometriosis, which is more difficult to 
appreciate with CT. Typically, this cancer manifests as 
a large, unilateral cystic adnexal mass with one or more 
intraluminal, often well defined, solid protusions or 
vegetations (Figs.4.47 and 4.48). The cyst content can 
be haemorrhagic or proteinaceous.

Contrast is helpful, particularly in the setting of 
endometriosis to distinguish a chronic endometriotic 
cyst from the development of neoplasm. Unlike blood 
clot, the solid component of the cyst will enhance 
avidly, as will any nodular peritoneal implants. 
Elevation of CA 125 levels may not be discriminatory, 
as levels are variably elevated in both endometriotic 
cysts and clear cell tumours.

4.5.17 � Brenner Tumours

Brenner tumours are generally benign epithelial 
tumours composed of transitional epithelium with 
dense stroma. They are often discovered as an inciden-
tal finding on ultrasound and are usually solid and 
small, less than 2 cm in size. The stromal component 
of a Brenner tumour can secrete oestrogens, so that 
secondary effects of endometrial hyperplasia may be 

MR Sagittal T1W Post Contrast

a

T2W Axial MRI

b

Fig.  4.43  (a) Post-menopausal patient shows multiple small 
cysts within a well-defined solid mass (arrow). Some of these 
are haemorrhagic (broad arrow) (b) Prominent post-contrast 

stromal enhancement outlines the multiple small cysts within 
the mass (arrows). Note also the thickened endometrium and 
prominent endocervical glands (short arrow) in the uterus.

CT 
Fig.  4.44  CT recurrent GCT 30 years post-pelvic clearance. 
Large solid, intraperitoneal, hypervascular and partially necrotic 
heterogenous mass
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k

a b

MRI T2W Axial T1W Fat Sat Post Contrast

k

Ut

c d

MRI T2W SagittalMRI T1W Axial Fat Sat Post Contrast

Fig. 4.45  Steroid cell stromal tumour in a teenager with preco-
cious puberty and virilism. (Previous right renal transplant (k)) 
(a-c) Haemorrhagic/complex cystic (arrowhead) fluid component 

of mass (long arrow), prominent enhancing solid parenchyma 
containing small fatty foci (short arrows). (d)  Premenarchal 
sized uterus (Ut). Ascitic fluid (*)

present. In 30% of cases, they are associated with other 
tumours, particularly mucinous epithelial ovarian 
tumours, but occasionally mature cystic teratomas. On 
CT or MRI, they can be either well-defined small, solid 
tumours, or larger cystic/solid tumours, particularly 
when in association with other tumours, with florid 
amorphous calcification of the solid component. There 
is only mild to moderate post-contrast enhancement of 

the solid component, depending on the fibrous content, 
so that on MRI, appearances can mimic a thecoma, 
with intense low signal on both T1 and T2 weighted 
sequences [86]. Although malignant Brenner tumours 
are extremely rare, (Fig.  4.49) there are no imaging 
features to discriminate organ confined disease from 
other suspect epithelial neoplasms with calcification 
e.g. serous neoplasms [79, 85].
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4.5.18 � Small Cell Ovarian Cancer

Small cell ovarian cancer is a rare, undifferentiated 
tumour with the majority occurring in young women. 
These are usually unilateral, mostly solid and hyper-
vascular masses, greater than 10 cm (Fig. 4.50) which 
rapidly increase in size. More than fifty percent present 
with extra-ovarian disease. Particularly in younger 
women, with a non-pulmonary type of small cell 

tumour, there may be hypercalcaemia, hypoglycaemia 
or hyponatraemia at presentation with symptoms 
related to these biochemical abnormalities sometimes 
precipitating presentation. The prognosis is generally 
very poor, particularly in greater than stage 1 disease, 
with early relapse and metastasis. A 10% 5-year sur-
vival is reported in stage 1C patients [87].

In common with most small cell tumours of the 
lung, these tumours appear to be hypervascular but in 

a

c

b

Fig. 4.46  Fibrothecoma in a post-menopausal patient with vag-
inal bleeding. MRI demonstrates a consistently low signal, well 
defined, homogenous left adnexal mass on both T2W (a) and (b) 

T1W images, (c) with only a thin rim of contrast enhancement at 
the capsular margin
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a

MRI Axial T2W

b

MRI Sagittal T2W

Fig. 4.47  Clear cell Ovarian Carcinoma. Stage1 in a premeno-
pausal patient. Despite the size of the cyst, (a) and (b), it is well 
defined with a thin wall but with complex cystic/solid well 

defined masses protruding into the cyst (arrow). Solid areas 
enhance post contrast. (not shown) A trace of reactive ascites (*) 
is in the Pouch of Douglas

CT Sagittal Reconstruction CT Axial

a

b

Fig. 4.48  Clear cell carcinoma (short arrows) arising in anterior abdominal wall in Pfannensteil scar for previous hysterectomy. 
Pre existing endometriosis. (a) Endometriotic ovarian cyst. (b) Solid mass  in rectus sheath with contrast enhancement
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contrast to common ovarian epithelial neoplasms there 
is a propensity for early haematogenous and lymphatic 
dissemination. Their metastases may also be hypervas-
cular (Fig.  4.50) [87]. Lymph node metastases are 
often bulky and confluent. This propensity for a hyper-
vascular mass with bulky lymphadenopathy may help 
to differentiate the appearance pre-operatively from 
other hypervascular stromal tumours e.g. GCT.

As for other small cell tumours, staging requires to 
be comprehensive and CT or CT/PET is recommended. 
Small cell lung neoplasm with secondary ovarian 
metastases should be excluded and on CT imaging this 
will usually be apparent from the distribution of larger 
lymph node metastases in the thorax, rather than in the 
abdomen or pelvis.

4.5.19 � Fallopian Tube Carcinoma

The classical presentation of this unusual tumour is the 
classical triad of profuse vaginal discharge, abdominal 
pain (sometimes relieved by watery or bloody vaginal 
discharge) and a pelvic mass, which constitutes the 
pathognomonic hydrops tubae profluens. Twenty per 
cent of cases are bilateral [89]. The diagnosis should 
be suspected in a post-menopausal woman with a 
serosanguinous vaginal discharge and a hydrosalpinx, 
often discovered at initial pelvic ultrasound.

Vaginal cytology is usually negative and more com-
monly, the diagnosis is confirmed post-operatively. 
Diagnosis is dependent on excluding spread from an 
adjacent ovarian epithelial adenocarcinoma. Tubal car-
cinoma results in increased secretions and tubal disten-
sion, producing a hydrosalpinx as tumour occludes the 
fimbrial end of the tube. Initial spread is to the uterus, 
and if the tube is not occluded, to the peritoneal cavity 
and adjacent ovary with dissemination via the perito-
neal cavity to produce disseminated disease similar to 
that of ovarian cancer.

On MRI, there may be the tell-tale signs of profuse 
watery vaginal discharge producing vaginal distension 
and outlining the cervix. A hydrometra, with a hydros-
alpinx and solid enhancing nodules studding the 
mucosal surface (Fig. 4.51) or a solid mass involving 
the tube, may also be apparent.

MR is preferable to CT, providing better soft tissue 
detail of the fallopian tube and more clearly excluding 
primary disease in the adjacent ovary.

Prognosis is worse; stage for stage, than in epithe-
lial ovarian cancer and complete surgical resection 
provides the best prospect of survival. Treatment and 
follow up, including tumour markers is otherwise as 
for epithelial ovarian cancers.

Fig. 4.49  Malignant Brenner tumour: typical florid amorphous 
calcification (arrow) within the solid component, with a much 
larger complex cyst than normally seen in a benign tumour
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a b

c

Fig. 4.50  Small cell carcinoma of ovary, stage 4, presenting with 
hypercalcaemia. (a) Bilateral hypervascular ovarian masses (bro-
ken arrows). Disseminated peritoneal and lymphatic metastases 
(small arrows) and ascites. (b) Vascular nodal metastases, with 

post-contrast density greater than adjacent muscle (arrow). 
(c)  Haematogenous liver metastases (solid arrow) with right 
hydronephrosis and enlarged para cardiac nodes (arrow) within 
the chestak
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5.1 � Introduction and Epidemiology

Mucinous tumours of the ovary are uncommon. 
Approximately, 75% are benign and the remainder are 
either “borderline” tumours or malignant (about 12% 
[1]). Overall, malignant mucinous tumours are rare 
and are estimated from the SEER registry to be 11.6% 
of all invasive ovarian tumours. Only a small propor-
tion of these present at an advanced stage (FIGO III or 
IV) [2]. Historical data may have overcalled the num-
ber of malignant mucinous tumours, and in some cases 
primary tumours may not have been distinguished 
from secondary cancers. It is partly because of their 
rarity that accurate data on incidence are hard to find. 
While patients entered into clinical trials often have 
their pathology reviewed, patients with mucinous can-
cers in these studies may not reflect the true incidence 
of the disease. Firstly, most patients with invasive 
mucinous cancer have early stage disease, managed by 
surgery alone. Secondly, patients with advanced dis-
ease who entered into chemotherapy trials may under-
represent the true incidence of this histological subtype. 
From an analysis of 1,895 patients with stage III ovar-
ian cancer entered into six GOG trials over a 13-year 
period, only 1.8% of cases were classified as muci-
nous-type [3].

In this chapter, we will discuss the controversies 
that exist about the diagnosis of primary invasive muci-
nous cancers of the ovary, and the management of 
early and advanced invasive disease.

5.2 � Pathology

Mucinous tumours may be of “intestinal-type” or 
“endocervical-type” (Müllerian). Amongst borderline 
tumours the vast majority are “intestinal-type”. These 
have a much lower incidence of bilaterality than the less 
common “endocervical-type” that may be bilateral in up 
to 40% of cases. However, invasive tumours may be of 
either type. A minority of these patients with early dis-
ease (15–20%) have bilateral tumours. Stromal invasion 
may be infiltrative or expansile, or a mixture of the two 
[4]. The key challenge is differentiating primary ovarian 
tumours from metastatic cancers involving the ovary. 
Most women present with early stage disease, and the 
mean age of women is generally younger (36–50 years) 
than for the more common types of invasive ovarian 
cancer. Symptoms are usually due to an expanding pel-
vic mass. In early stage disease, these cystic masses can 
be large, averaging 16–19 cm in diameter [5].

For all mucinous tumours, and particularly those that 
have spread beyond the ovary the differential diagnosis 
includes tumours of the gastrointestinal tract – large 
intestine, appendix and pancreas in particular, and less 
commonly metastases from the stomach or biliary tract. 
Rarely, endocervical mucinous cancer may metastasise 
to the ovary. In a series of 52 cases reported by Seidman 
et al. [1] 40 (77%) were metastatic, and tumours of the 
pancreas, colon, stomach and cervix were the four most 
common sites (25 out of 40). Features, such as bilateral-
ity or deposits on the surface of the ovaries increase the 
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index of suspicion of metastatic carcinoma. Microscopic 
features, such as nodular growth, hilar involvement and 
presence of signet-ring cells and surface microscopic 
mucin, are also more in keeping with the possibility of a 
metastatic tumour [6]. A co-existing Brenner tumour or 
teratoma is more in keeping with a primary mucinous 
tumour. An algorithm has been developed by Seidman 
et  al. to help distinguish primary from secondary 
tumours. This is based chiefly on size, and bilaterality. 
Bilateral tumours and those with a diameter <10 cm are 
usually metastatic; conversely unilateral tumours >10 cm 
in diameter are generally primary ovarian tumours [1].

5.3 � Biomarkers and 
Immunophenotyping

Immunophenotyping is commonly used to distinguish 
primary ovarian neoplasms from metastatic tumours 
but the ability of immunoprofiling mucinous tumours 
to make these distinctions has been less valuable than 
in other types of ovarian neoplasms. Serum carcino-
embryonic antigen (CEA) levels may distinguish a pri-
mary colorectal cancer from an ovarian cancer. Serum 
CA125 levels are generally higher in ovarian cancers, 
and a ratio of CA125: CEA of greater than 25 has been 
used to distinguish primary ovarian cancer from col-
orectal neoplasms [7]. However, mucinous ovarian 
cancers of intestinal-type frequently stain positive for 
CEA. Primary ovarian tumours are characteristically 
cytokeratin (CK) 7 positive and CK 20 negative, which 
helps to distinguish the tumour from colorectal cancers 
that are characteristically CK 20 positive. However, 
primary mucinous tumours of the ovary may also be 
CK 20 positive [8]. Similarly, other mucinous tumours 
of the upper GI tract and elsewhere may also be CK 7 
positive and CK 20 negative. The differential expres-
sion of cytokeratins has been reviewed in detail by Chu 
and Weiss [9]. The distinction of primary mucinous 
ovarian cancer from pancreatic cancers may be partic-
ularly challenging. In pancreatic cancers Dpc4 is lost 
in approximately half of all the cases but it is preserved in 
mucinous ovarian cancer [10]. CDX2 is expressed in 
almost all colonic cancers, most gastric cancers and 
some pancreatic tumours. Expression of CDX2 in pri-
mary mucinous ovarian cancer occurs less commonly 
than CK20, and it may therefore have some advantage 
in discriminating a primary mucinous ovarian cancer 
from upper gastrointestinal cancer metastases [11].

Genetic alterations other than mutations in K-ras 
have not been reported in mucinous ovarian tumours. 
Mutations are typically at codon 12 and have been 
reported in 46% of mucinous carcinomas but only 6% 
of serous carcinomas [12]. Unlike other solid tumours, 
such as colorectal cancer, mucinous ovarian cancers 
without K-ras mutations do not have alternative path-
way signalling through a BRAF mutation [13]. However, 
gene-expression profiling has demonstrated significant 
differences between mucinous cystadenomas, border-
line mucinous tumours and adenocarcinomas compared 
with their serous counterparts [14]. These findings 
could provide opportunities to develop drugs targeted to 
specific gene products or pathways.

5.4 � Clinical Features: Primary vs. 
Secondary Cancer

The practical guide to differentiate primary mucinous 
ovarian cancer from metastatic tumours developed by 
Seidman et  al. using unilaterality and tumour size 
³10 cm for primary tumours correctly predicted a pri-
mary ovarian origin in 82% of cases. For bilateral 
tumours, a diameter <10 cm, was predictive of a met-
astatic mucinous tumour in 95% of cases [1]. These 
and additional helpful features are summarised in 
Table 5.1. When metastatic cancer can be excluded on 
clinical assessment the remaining number of cases is 

Primary Metastatic Reference

Unilateral  [1]

Size ³ 10 cm  [1]

Smooth surface  [1]

Vascular invasion  [6]

CK 7 > CK20  [9]

CA125/CEA > 25  [7]

Co-existing 
borderline tumour/
Brenner

 [1]

Retained Dcp4 
Expression

 [10]

Destructive stromal 
invasion

 [1]

CDX2  [11]

Table 5.1  Primary vs. metastatic mucinous tumours
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small, and in most instances these are localised to the 
ovary. Thus, the incidence of advanced stage primary 
mucinous cancer is small, but nevertheless a chal-
lenge for clinical management. Currently, mucinous 
ovarian cancers are treated similarly to serous ovarian 
cancers.

5.5 � Clinical Management

5.5.1 � Imaging

Preoperative imaging can be useful in distinguishing 
benign from malignant tumours, and in assessing the 
extent of disease. This is particularly important in the 
investigation of mucinous tumours, most of which are 
either benign or tumours of low malignant potential, 
and confined to the ovary. Radiological investigations 
are crucial in the diagnosis and staging of malignant 
ovarian tumours and ultrasonography is a particularly 
useful first investigation. It may aid in the differentia-
tion of primary and secondary tumours of the ovary and 
give some indication about whether the tumour is a 
mucinous-type or not. The precision of ultrasonography 
is improved with Doppler studies that are able to detect 
neovascularity associated with malignant ovarian 
tumours. Computed Tomography (CT) is essential for 
pre-operative staging and may provide valuable infor-
mation about the spread of disease and whether there is 
a likely primary site other than the ovary. From a large 
single institution series of 553 patients, about 17.4% of 
ovarian tumours were secondary deposits to the ovary 
[15]. Imaging of the upper gastrointestinal tract is par-
ticularly relevant as primary mucinous tumours of the 
pancreas or biliary tract may present with ovarian 
masses. In the case of mucinous ovarian cancers, the 
size of the tumour is often large and may even be enor-
mous. Mucinous ovarian tumours are multi-locular cys-
tic structures and have relatively few solid components. 
This appearance is less common in tumours metastatic 
to the ovary. Magnetic Resonance Imaging (MRI) is 
sometimes used for staging but less commonly than CT. 
It is able to provide greater morphological information 
about the ovary than CT, but has little advantage over 
CT and ultrasound. PET scanning has been useful in 
diagnosing and staging many different types of benign 
and malignant conditions. However, in the case of muci-
nous tumours, high false negative rates have been 
reported due to lack of FDG uptake by mucin [16].

5.6 � Tumour Markers

CA125 is routinely measured in women with ovarian 
masses. However, it is not always raised in mucinous 
tumours even when they are advanced. CA19-9, a car-
bohydrate antigen related to the Lewis blood group 
antigen may be helpful in the diagnosis and monitor-
ing of mucinous tumours. In a study from the 
Netherlands over a 15 year period, 46% of 44 women 
with borderline ovarian tumours were found to have a 
raised CA 19-9 compared to 24% who had a raised 
CA125 and 9% who had an elevated CEA [17]. CA19-9 
has also been used to follow up patients after treat-
ment, and like CA125 it may rise before clinical relapse 
[18]. Marker profiles have not been systematically 
studied in mucinous carcinomas, but in the author’s 
experience, monitoring of CA19-9 changes in response 
to chemotherapy or follow-up after treatment has been 
helpful in many cases.

5.7 � Endoscopy/Colonoscopy

Endoscopic examination of the gastrointestinal tract is 
one of the most commonly debated investigations in 
patients with mucinous ovarian cancer. As a proportion 
of patients will have tumours of the gastrointestinal tract 
some clinicians routinely request these investigations. 
However with improvements in histological assessment 
of tumours, and in particularly immunophenotyping, 
the routine use of oesophago-gastro-duodenoscopy and 
colonoscopy is diminishing. However, small tumours or 
tumours in the appendix, or rarely small bowel may be 
missed on endoscopy. There are no definitive recom-
mendations; judgement about these investigations 
should be on an individual case and following review in 
a multidisciplinary clinical environment.

5.8 � Treatment of Mucinous Epithelial 
Ovarian Cancer

The prognosis of early stage mucinous ovarian cancer 
is excellent with a 5-year survival of greater than 90% 
following surgery. The risk of recurrence was lower 
than for other histological subtypes (HR 0.37 95% CI 
0.25–0.53) [19]. There is no evidence that additional 
treatment with chemotherapy is beneficial. The ICON1 
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and ACTION studies were two parallel and comple-
mentary trials in early stage ovarian cancer that were 
analysed together. The trial randomised 925 patients 
between adjuvant platinum-based chemotherapy and 
observation, with deferred chemotherapy at relapse 
[20]. The majority of patients in both trials (93%) had 
stage I ovarian cancer, and of these 180 (20%) had a 
mucinous type. Subgroup analyses revealed 10 patients 
with mucinous ovarian cancer relapsed in the adjuvant 
arm compared with 22 patients in the observation 
group, comprising a total of 18% of all relapses. These 
differences were not statistically significant, and with 
the small number of patients in each arm of this subset, 
it is not possible to conclude that patients with early 
stage mucinous ovarian cancer benefit from adjuvant 
chemotherapy.

5.9 � Treatment of Advanced 
Mucinous Ovarian Cancer

The results of treatment of stage I disease contrast 
greatly with the survival of patients who have advanced 
mucinous tumours. Their outcome is worse than those 
patients with the more common types of ovarian his-
tology. Primary surgical intervention is usually per-
formed as in other types of ovarian cancer, so it is 
unusual to have a pre surgical histological diagnosis 
unless the tumour is very advanced and therefore 
unlikely to be successfully debulked at primary sur-
gery. Staging and maximal cytoreduction is undertaken 
before chemotherapy. In cases where a biopsy has been 
performed first, tests to exclude a non-ovarian primary 
tumour should be performed before surgery. If the pre-
operative imaging or clinical appearances suggest a 
tumour of mucinous origin, most surgeons will also 
perform an appendicectomy, as this may be the site of 
origin in some cases.

Chemotherapy with carboplatin and paclitaxel, the 
standard of care for ovarian cancer [21] is generally 
given irrespective of the histological subtype. Case-
controlled studies have provided information on the 
poor prognosis of advanced mucinous ovarian cancer. 
The Royal Marsden Hospital, London, UK performed 
a retrospective case-controlled study in women with 
advanced mucinous and non-mucinous ovarian cancer 
(FIGO stage III and IV) undergoing first-line platinum-
based chemotherapy [22]. Controls were matched for 

stage of disease and date of diagnosis. Eighty-one 
patients (27 cases and 54 controls) fulfilling the study 
criteria were identified and analysed. The response 
rate to chemotherapy was 26% in mucinous tumours 
and 65% for non-mucinous tumours (p = 0.01). The 
median progression-free survival (PFS) was 5.7 months 
compared to 14.1 months (p < 0.001), and median 
overall survival (OS) 12 months in patients with muci-
nous tumours compared to 36.7 (p < 0.001) months in 
the case-controls. These data are supported by the 
pooled analysis of six GOG trials of 1,895 patients. 
There were 34 patients with mucinous ovarian cancer. 
All patients received platinum/paclitaxel combina-
tions, and the progression-free and overall survival of 
patients with mucinous tumours was significantly 
worse that those with serous cancers (10.5 v 16.9 and 
14.8 v 45.1 months, respectively) [3].

A second retrospective study performed by the 
Hellenic Cooperative group analysed 141 advanced 
ovarian cancer patients (47 patients with mucinous car-
cinoma and 94 matched controls), treated with plati-
num-based chemotherapy [23]. The response rate was 
38.5 and 70% (p = 0.001) in mucinous and non-muci-
nous tumours respectively. In this study, the time to 
progression and overall survival were not significantly 
different in the two groups though there was a trend to 
worse median time to tumour progression in patients 
with mucinous tumours (11.8 vs. 20 months, p = 0.18).

A third small retrospective study from Italy reviewed 
the outcome of patients with “platinum-sensitive” 
relapse (greater than 6 months platinum-free interval) 
disease. Twenty patients with mucinous tumours and 
388 patients with other histological subtypes were 
studied. At initial diagnosis, patients with mucinous 
tumours had a lower tumour grade than in other sub-
groups (p = 0.0056) and FIGO stage was less advanced 
(p = 0.025). At the time of recurrence, patients with 
mucinous tumours had a statistically significant poorer 
performance status (p = 0.024). Patients with mucinous 
tumours frequently were treated with single agent plat-
inum rather than combination treatment, and received 
fewer subsequent lines of treatment. The tumour 
response rate was 36% for the mucinous sub-type and 
62% (p = 0.04) for other histological types. The median 
PFS and OS were also poorer in the mucinous tumour 
group. This study has limitations as it is small, but nev-
ertheless, the data are informative as there are no other 
reports on the outcome of mucinous ovarian cancer 
after second-line chemotherapy [24].
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5.10 � New Studies for Mucinous 
Ovarian Cancer

Improvements in the treatment of advanced disease are 
urgently needed. As mucinous tumours of the ovary 
resemble the histological appearance of mucinous 
tumours from the bowel, stomach and pancreas, some 
clinicians have used “gastrointestinal-type” chemother-
apy. This is not an evidence-based approach to the man-
agement of mucinous ovarian cancer and clinical trials 
are needed to evaluate these therapies. There is a good 

rationale for taking this approach forward. Sato et al., 
[25] examined the effect of a variety of chemotherapy 
agents in vitro, using five human ovarian mucinous cell 
lines. They found that two of the five cell lines were sen-
sitive to oxaliplatin, 5-fluorouracil (5-FU) and etoposide. 
Interestingly, all cell lines were resistant to cisplatin and 
paclitaxel. A second series of experiments involved test-
ing chemotherapy drugs in a murine mucinous ovarian 
cancer model. Mice treated with the combination of 
oxaliplatin plus 5-FU survived significantly longer com-
pared to either oxaliplatin or 5-FU alone, suggesting a 

Randomise
N = 332  

Treatment to start within 14 days of randomisation for all arms 

mEOC/GOG 0241
Patients ³ 18 or over with

newly diagnosed advanced mucinous
ovarian carcinoma FIGO stage II–IV

OR recurrent stage I     

Carboplatin AUC 5/6
Paclitaxel 175 mg/m2

Bevacizumab 15 mg/kg
6 cycles
Each cycle = 21 days
(N = 83)    

Oxaliplatin 130 mg/m2

Capecitabine 850 mg/m2 bd
Bevacizumab 15 mg/kg
6 cycles
Each cycle = 21 days
(N = 83)  

Bevacizumab 15mg/kg for 12 cycles
Each cycle = 21 days
Clinical assessment every 6 weeks for 36 weeks

Clinical assessment every 6 weeks for 36 weeks
Telephone call at week 3 between each 6-week visit

Oxaliplatin 130 mg/m2

Capecitabine 850 mg/m2 bd
6 cycles
Each cycle = 21 days
(N = 83) 

Carboplatin AUC 5/6
Paclitaxel 175 mg/m2

6 cycles
Each cycle = 21 days
(N = 83)     

Follow up:
• 3 monthly year 2 
• 6 monthly years 3 – 5

Fig. 5.1  Trial schema: GCIG study (GOG 0241- NCRI mEOC) for mucinous ovarian cancer
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synergistic or additive effect of this combination, as is 
the case when these two drugs are used together in 
patients with advanced colorectal cancer [26].

Both oxaliplatin and 5-FU have activity in ovarian 
cancer. In a platinum-resistant population, a response 
rate of 29% has been reported with the FOLFOX-4 
regimen [27]. It therefore seems reasonable to examine 
oxaliplatin and 5-FU, or the increasingly commonly 
used oral fluoropyrimidine, capecitabine for the first-
line therapy in advanced mucinous ovarian cancer.  
A randomised phase III trial, comparing oxaliplatin 
and capecitabine with carboplatin and paclitaxel has 
now been set up. This type of study is challenging, as 
the disease is rare. It requires international collabora-
tion and academic sponsorship, as treatment of this 
group of women is not a high priority for the pharma-
ceutical industry. Through the Gynaecological Cancer 
Inter Group (GCIG), a trial with two parallel and iden-
tical protocols has been developed and it will be con-
ducted by many of the GCIG collaborative groups. 
Many centres within the GCIG groups will need to par-
ticipate as only a few patients will be recruited by an 
individual centre each year. This makes the trial more 
complex and more expensive to run. One protocol, 
GOG 0241 will enrol patients in the USA and Korea 
and the other, mEOC, run by the NCRI in the UK will 
co-ordinate the trial in the UK, Europe and Australia.

The trial will recruit 332 patients over a period of  
5 years with a further follow up of 5 years. To make the 
trial as efficient and informative as possible the inves-
tigators are also examining the role of bevacizumab in 
combination with chemotherapy in a 2 × 2 factorial 
design (Fig. 5.1). This is particularly relevant, as phase 
III studies with bevacizumab in conjunction with che-
motherapy have demonstrated an improvement in the 
survival of patients with metastatic bowel cancer 
[28,29]. Furthermore, in ovarian cancer, the results of 
phase II studies with bevacizumab, given as a single 
agent, have been encouraging [30,31]. The progres-
sion-free survival results of two large trials of bevaci-
zumab in combination with first-line chemotherapy 
(ICON 7 and GOG 218) are due in 2010.

The new first-line study will provide an opportunity 
to collect a large number of tissue samples and associ-
ated clinical data. Molecular analysis of these tumours 
will provide valuable information that could be used to 
design further studies, initially in those women relaps-
ing after first-line therapy. The current randomised 
clinical trial acknowledges the biologically distinct 

behaviour of mucinous tumours and represents the first 
global effort needed to explore new treatments, tar-
geted at the biological characteristics of the tumour.

References

  1.	Seidman JD, Kurman RJ, et al. Primary and metastatic muci-
nous adenocarcinomas in the ovaries: incidence in routine 
practice with a new approach to improve intraoperative diag-
nosis. Am J Surg Pathol. 2003;27(7):985–93.

  2.	McGuire V, Jesser CA, et al. Survival among U.S. women 
with invasive epithelial ovarian cancer. Gynecol Oncol. 
2002;84(3):399–403.

  3.	Winter III WE, Maxwell GL, et  al. Prognostic factors for 
stage III epithelial ovarian cancer: a Gynecologic Oncology 
Group Study. J Clin Oncol. 2007;25(24):3621–7.

  4.	Hart WR. Mucinous tumors of the ovary: a review. Int J 
Gynecol Pathol. 2005;24(1):4–25.

  5.	Hoerl HD, Hart WR. Primary ovarian mucinous cystadeno-
carcinomas: a clinicopathologic study of 49 cases with 
long-term follow-up. Am J Surg Pathol. 1998;22(12): 
1449–62.

  6.	Lee KR, Young RH. The distinction between primary and 
metastatic mucinous carcinomas of the ovary: gross and his-
tologic findings in 50 cases. Am J Surg Pathol. 2003;27(3): 
281–92.

  7.	Yedema CA, Kenemans P, et al. Use of serum tumor markers 
in the differential diagnosis between ovarian and colorectal 
adenocarcinomas. Tumour Biol. 1992;13(1–2):18–26.

  8.	Wauters CC, Smedts F, et al. Keratins 7 and 20 as diagnostic 
markers of carcinomas metastatic to the ovary. Hum Pathol. 
1995;26(8):852–5.

  9.	Chu PG, Weiss LM. Keratin expression in human tissues and 
neoplasms. Histopathology. 2002;40(5):403–39.

10.	Ji H, Isacson C, et  al. Cytokeratins 7 and 20, Dpc4, and 
MUC5AC in the distinction of metastatic mucinous carcino-
mas in the ovary from primary ovarian mucinous tumors: 
Dpc4 assists in identifying metastatic pancreatic carcino-
mas. Int J Gynecol Pathol. 2002;21(4):391–400.

11.	Vang R, Gown AM, et al. Immunohistochemical expression 
of CDX2 in primary ovarian mucinous tumors and meta-
static mucinous carcinomas involving the ovary: comparison 
with CK20 and correlation with coordinate expression of 
CK7. Mod Pathol. 2006;19(11):1421–8.

12.	Ichikawa Y, Nishida M, et al. Mutation of K-ras protoonco-
gene is associated with histological subtypes in human 
mucinous ovarian tumors. Cancer Res. 1994;54(1):33–5.

13.	Gemignani ML, Schlaerth AC, et  al. Role of KRAS and 
BRAF gene mutations in mucinous ovarian carcinoma. 
Gynecol Oncol. 2003;90(2):378–81.

14.	Wamunyokoli FW, Bonome T, et al. Expression profiling of 
mucinous tumors of the ovary identifies genes of clinico-
pathologic importance. Clin Cancer Res. 2006;12(3 Pt 1): 
690–700.

15.	Demopoulos RI, Touger L, et al. Secondary ovarian carci-
noma: a clinical and pathological evaluation. Int J Gynecol 
Pathol. 1987;6(2):166–75.

ak
us

he
r-li

b.r
u



735  Mucinous Cancers: Ovary

16.	Berger KL, Nicholson SA, et  al. FDG PET evaluation of 
mucinous neoplasms: correlation of FDG uptake with histo-
pathologic features. AJR Am J Roentgenol. 2000;174(4): 
1005–8.

17.	Engelen MJ, de Bruijn HW, et al. Serum CA 125, carcino-
embryonic antigen, and CA 19-9 as tumor markers in bor-
derline ovarian tumors. Gynecol Oncol. 2000;78(1):16–20.

18.	Fioretti P, Gadducci A, et al. The concomitant determination 
of different serum tumor markers in epithelial ovarian cancer: 
relevance for monitoring the response to chemotherapy and 
follow-up of patients. Gynecol Oncol. 1992;44(2):155–60.

19.	Vergote I, De Brabanter J, et  al. Prognostic importance of 
degree of differentiation and cyst rupture in stage I invasive 
epithelial ovarian carcinoma. Lancet. 2001;357(9251): 
176–82.

20.	Trimbos JB, Parmar M, et  al. International Collaborative 
Ovarian Neoplasm trial 1 and Adjuvant ChemoTherapy In 
Ovarian Neoplasm trial: two parallel randomized phase III 
trials of adjuvant chemotherapy in patients with early-stage 
ovarian carcinoma. J Natl Cancer Inst. 2003;95(2):105–12.

21.	du Bois A, Quinn M, et al. 2004 consensus statements on the 
management of ovarian cancer: final document of the 3rd 
International Gynecologic Cancer Intergroup Ovarian 
Cancer Consensus Conference (GCIG OCCC 2004). Ann 
Oncol. 2005;16 Suppl 8:viii 7–12.

22.	Hess V, A’Hern R, et al. Mucinous epithelial ovarian cancer: 
a separate entity requiring specific treatment. J Clin Oncol. 
2004;22(6):1040–4.

23.	Pectasides D, Fountzilas G, et al. Advanced stage mucinous 
epithelial ovarian cancer: the Hellenic Cooperative Oncology 
Group experience. Gynecol Oncol. 2005;97(2):436–41.

24.	Pignata S, Ferrandina G, et al. Activity of chemotherapy in 
mucinous ovarian cancer with a recurrence free interval of 
more than 6 months: results from the SOCRATES retrospec-
tive study. BMC Cancer. 2008;8:252.

25.	Sato S, Itamochi H, et  al. Combination chemotherapy of 
oxaliplatin and 5-fluorouracil may be an effective regimen 
for mucinous adenocarcinoma of the ovary: a potential treat-
ment strategy. Cancer Sci. 2009;100(3):546–51.

26.	deBraud F, Munzone E, et al. Synergistic activity of oxalip-
latin and 5-fluorouracil in patients with metastatic colorectal 
cancer with progressive disease while on or after 5-fluorou-
racil. Am J Clin Oncol. 1998;21(3):279–83.

27.	Pectasides D, Pectasides M, et al. Oxaliplatin plus high-dose 
leucovorin and 5-fluorouracil (FOLFOX 4) in platinum-
resistant and taxane-pretreated ovarian cancer: a phase II 
study. Gynecol Oncol. 2004;95(1):165–72.

28.	Hurwitz H, Fehrenbacher L, et al. Bevacizumab plus irinote-
can, fluorouracil, and leucovorin for metastatic colorectal 
cancer. N Engl J Med. 2004;350(23):2335–42.

29.	Saltz LB, Clarke S, et al. Bevacizumab in combination with 
oxaliplatin-based chemotherapy as first-line therapy in met-
astatic colorectal cancer: a randomized phase III study. J 
Clin Oncol. 2008;26(12):2013–9.

30.	Burger RA. Experience with bevacizumab in the manage-
ment of epithelial ovarian cancer. J Clin Oncol. 2007;25(20): 
2902–8.

31.	Cannistra SA, Matulonis UA, et al. Phase II study of bevaci-
zumab in patients with platinum-resistant ovarian cancer or 
peritoneal serous cancer. J Clin Oncol. 2007;25(33): 
5180–6.

ak
us

he
r-li

b.r
u



ak
us

he
r-li

b.r
u



75N. Reed et al. (eds.), Rare and Uncommon Gynecological Cancers,�  
DOI: 10.1007/978-3-642-13492-0_6, © Springer-Verlag Berlin Heidelberg 2011

6.1 � Introduction

Pseudomyxoma peritonei (PMP) is an uncommon dis-
ease with an estimated incidence of 1–2 per million per 
year [1]. PMP is characterised by diffuse intra-abdominal 
gelatinous collections with mucinous implants on peri-
toneal surfaces and the omentum, manifesting clinically 
as “jelly belly” [2]. PMP commonly simulates ovarian 
cancer clinically, radiologically and at surgery. Whilst 
most cases are now considered to originate from a perfo-
rated mucinous appendiceal tumour, ovarian masses are 
one of the commonest clinical presenting features of 
PMP in women. Many cases present unexpectedly at 
laparoscopy or laparotomy, or may be suspected at 
cross-sectional imaging during the investigation, or stag-
ing, of another pathological entity.

Although PMP has generally been considered 
benign, its behaviour suggests that it should, at best, 
be considered a borderline malignancy with disease 
progression, over time, to massive abdominal disten-
sion and nutritional compromise in most cases. The 
long-term survival remains poor with reported five- 
and ten-year survival rates of 50 and 10–30%, respec-
tively [3]. Over the last 10 years there has been 
increasing global interest in the management of PMP, 
particularly in macroscopic removal of tumour by 
complex surgical techniques combined with heated 
intraperitoneal chemotherapy [4].

6.2 � Origin of PMP

Werth [5] in 1884 coined the term, describing 
pseudomyxoma peritonei in association with a muci-
nous tumour of the ovary. In 1901 Frankel [6] described 
a case associated with a cyst of the appendix. Since 
these early reports there has been ongoing debate as to 
the primary origin of PMP, particularly in women. Most 
acknowledge that PMP predominantly originates in the 
appendix in men and increasingly, evidence suggests a 
similar site of origin in women [7, 8]. In women, syn-
chronous ovarian and appendiceal disease is common, 
and PMP appears more prevalent. However immuno-
histochemistry and molecular genetic techniques sup-
port the hypothesis that in the majority of women, the 
ovarian tumour is metastatic from a perforated appen-
diceal mucinous tumour [9–15]. Recently MUC 2 over-
expression has been suggested as a molecular marker 
for PMP of intestinal rather than ovarian origin [16, 
17]. From a clinical perspective, whilst many have 
reported that PMP is more common in women, Moran 
and colleagues [7] have proposed that it is unlikely that 
the male and female appendices behave in a different 
manner with an expected similar number of appendiceal 
PMP cases in women.

Personal experience suggests that some of the 
reported increased female incidence may represent a 
“Will Rogers” phenomenon [18] with earlier and more 
precise diagnosis in women [3]. Women with non-spe-
cific symptoms are more likely to have cross-sectional 
imaging, particularly to rule out ovarian cancer.

Undoubtedly a proportion of cases arise from other 
organs, [19] with an ovarian primary being the com-
monest in this diverse group. In particular, low grade 
mucinous ovarian neoplasms are often indistinguish-
able clinically, radiologically or at operation from 
PMP of appendiceal origin [16]. Personal experience 
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has shown that ovarian mucinous tumours with wide-
spread dissemination have much worse prognosis com-
pared with PMP of appendiceal origin despite complete 
tumour removal (unpublished data). PMP has been 
reported originating from the colon and rectum, the 
stomach, gallbladder and bile duct, small intestine, uri-
nary bladder, lung, breast, fallopian tube and pancreas.

6.3 � Pathophysiology of PMP

The sequence of events culminating in PMP is thought 
to involve growth of an appendiceal adenoma pro-
gressing to occlude the appendiceal lumen with disten-
sion of the appendix by mucus and mucinous tumour 
cells (Fig.  6.1). The appendix eventually ruptures, 
often initially by a “blow out” and subsequent slow 
leak of mucus containing epithelial cells from the ade-
noma. In most cases appendicular perforation is an 
occult event and it is notable that the appendix can be 
macroscopically normal, following rupture and reseal-
ing, such that the appendix should be removed, if fea-
sible, in all patients with “jelly belly”.

The distinctive feature of PMP is its characteristic 
“redistribution” within the peritoneal cavity [20]. In 
contrast to most carcinoma cells of gastrointestinal 
tract origin that implant in a random fashion near the 
site of perforation, PMP demonstrates a nomadic pat-
tern of migration with epithelial cells accumulating at 
specific abdominal and pelvic sites.

6.3.1 � The Redistribution Phenomenon

The intraperitoneal distribution of PMP is determined 
by physical factors, namely the movement and absorp-
tion of peritoneal fluid and gravity. Normally perito-
neal fluid migrates upwards, particularly in the right 
paracolic gutter towards the main sites of peritoneal 
fluid absorption on the undersurface of the right hemi-
diaphragm, the greater and lesser omentum. The open 
lymphatic lacunae on the undersurface of the right 
hemidiaphragm, and the lymphoid aggregates in the 
omentum, absorb fluid leading to bulky accumulations 
as the mucus is absorbed and epithelial cells “filtered 
out” and concentrated. From a clinical perspective, the 
concentrated tumour masses result in an omental cake 
(Fig. 6.2).

Gravity also plays a role, especially in the early 
stages, as mucus and cells concentrate in dependent 
portions of the abdomen and pelvis such as the recto-
vesical pouch, the right retrohepatic space and the 
paracolic gutters [20].

A pathognomic feature of favourable PMP is the 
complete, or nearly complete, absence of tumour 
masses on the freely mobile intestinal surfaces, espe-
cially the small bowel. Normal peristalsis, together 
with poor adherence properties of the tumour cells 
results in “bowel sparing”. In contrast the parts of the 
gastrointestinal tract fixed to the retroperitoneum, such 

Fig. 6.1  Rupture of appendix with extravasation of mucin Fig. 6.2  Omental cake associated with PMP
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as the gastric pylorus and antrum and the ileocaecal 
and rectosigmoid regions, are often heavily diseased 
and commonly require resection to remove macro-
scopic tumour involving the bowel [21].

6.4 � Pathological Classification

Controversy persists over the classification of epithe-
lial appendiceal neoplasms and their relationship to 
PMP. High-grade colonic mucinous neoplasms, ade-
nocarcinomas of the appendix and mucinous adeno-
carcinomas originating from any other intra-abdominal 
organ, particularly the colon, can mimic the clinical, 
radiological and pathological features of PMP [13]. 
Additionally, there appears to be a spectrum of disease 
from low- to high-grade, though the pathological 
appearances may not correlate with clinical behaviour 
of the tumour [22].

Ronnett and colleagues, in a retrospective review of 
a series of patients who had undergone complete cytore-
duction by Sugarbaker’s group, reported a pathological 
system commonly quoted in the literature [23]. They 
classified low-grade tumours as disseminated peritoneal 
adenomucinosis (DPAM) and high-grade tumours as 
peritoneal mucinous carcinomatosis (PMCA), with an 
intermediate group (IG) demonstrating a mixture of 
DPAM and PMCA. Survival was significantly higher in 
the low-grade (DPAM) as compared with the high-
grade tumours (IG and PMCA). They were unable to 
show a statistically significant difference between the 
IG and PMCA groups and subsequently grouped these 
together [13, 24]. Dichotomous categorisations of muci-
nous tumours of the appendix have been adopted else-
where and what is emerging is that optimal outcomes 
result from the management of PMP originating from 
low-grade appendiceal mucinous tumours [25].

6.5 � Diagnosis

The majority of patients are diagnosed during, or after, 
a laparotomy or laparoscopy for suspected appendici-
tis, peritonitis or gynaecological cancer.

In a series of 410 patients with appendiceal tumours, 
217 had the diagnosis of PMP with histological confir-
mation [26]. Overall, 27% presented with suspected 

appendicitis, 23% with increasing abdominal disten-
sion and 14% with a new onset hernia. In women, 
PMP was most commonly diagnosed during investiga-
tion of an ovarian mass (39%) (Fig. 6.3).

Computed Tomography (CT) is currently the opti-
mal imaging modality for the diagnosis and staging of 
PMP [27]. Classically “scalloping” of visceral sur-
faces, particularly of the liver and spleen, distinguishes 
mucinous from fluid ascites (Fig. 6.4) [28]. Contrast-
enhanced CT can assist in predicting the likelihood of 

Fig.  6.3  Ovarian mass of primary intestinal origin presenting 
3  years after right hemicolectomy for cystadenoma of the 
appendix

Fig. 6.4  Abdominal CT showing “scalloping” of the liver
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complete cytoreduction [28]. A recent report on the 
use of delayed gadolinium enhanced MRI seems prom-
ising in staging and patient selection for cytoreductive 
surgery but requires further evaluation [29].

6.5.1 � Preop Assessment: Tumour  
Markers – CEA, CA125, CA19.9 
and Laparoscopy

Elevated markers indicate more aggressive disease 
[30] with increased risk of recurrence [31–33]. When a 
patient presents with increasing abdominal girth as a 
result of presumed malignant ascites, the diagnosis is 
usually established with paracentesis, or laparoscopy 
and biopsy. If possible, paracentesis or laparoscopy 
should be performed through the midline as these sites 
can be excised by a midline abdominal incision [34].

6.5.2 � Operative Strategy 
in Unexpected Case

It has been reported that extensive prior attempts to 
debulk PMP significantly impacts on subsequent 
attempts at complete tumour removal [35]. It is advis-
able, therefore, that the referring team perform the 
minimum surgery required to establish a histological 
diagnosis prior to specialist centre referral. In this 
context if one suspects that PMP in a female is of 
appendiceal origin, and is likely to be suitable for 
complete tumour removal (due to the relative sparing 
of the small bowel), surgery should comprise an 
appendicectomy and bilateral oophorectomy with the 
uterus and omentum left in place to facilitate subse-
quent surgery.

6.6 � Treatment

The indolent behaviour of PMP led some to advocate 
no active treatment [36], although it is increasingly 
accepted that most patients with PMP, untreated, will 
progress to terminal starvation through intestinal 
obstruction by mucinous ascites [37].

6.6.1 � Surgical Treatment of PMP

Traditionally surgery involved repeated interval deb-
ulking with limited expectation of long-term survival 
and no prospect of cure. Gough reported ten-year sur-
vival in 32% of 56 patients who underwent serial deb-
ulking and selectively, intra-peritoneal radiotherapy, or 
chemotherapy, between 1957 and 1983 in the Mayo 
clinic [38]. In 2005, Miner reported a ten-year survival 
of 21% (12% disease free) in 97 patients treated by 
serial debulking, systemic chemotherapy and/or 
delayed intermittent intraperitoneal 5-fluorouracil over 
a 22-year period at Memorial Sloan Kettering [39]. All 
agree that over time, debulking becomes more diffi-
cult, less effective and more dangerous due to the risk 
of bowel injury and subsequent fistula formation [2].

Sugarbaker introduced and popularised an approach 
combining cytoreductive surgery (CRS) (aiming for 
macroscopic complete tumour removal) with heated 
intraperitoneal chemotherapy (HIPEC) [40, 41]. This 
involves up to six different peritonectomy procedures 
in combination with visceral resections as required, to 
remove all visible tumour, or if not possible, to leave 
tumour deposits less than 2.5 mm. Surgery includes a 
greater omentectomy and splenectomy, left upper quad-
rant peritonectomy, right upper quadrant peritonectomy, 
lesser omentectomy and cholecystectomy, appendicec-
tomy or right hemicolectomy, total colectomy, partial 
or total gastrectomy, and pelvic peritonectomy with 
anterior resection of the rectosigmoid colon. In addition 
most female patients require hysterectomy and bilateral 
salpingo-oophorectomy. Patients must be medically fit 
to safely undergo CRS with HIPEC due to the associ-
ated morbidity and mortality [42].

6.6.2 � Rationale for Hyperthermic 
Intraperitoneal 
Chemotherapy (HIPEC)

The major advantage of intraperitoneal therapy is 
regional dose intensity [43]. The penetration of intrap-
eritoneal chemotherapy into peritoneal carcinomatosis 
nodules is limited to between 2 and 5 mm, even when 
combined with heat [44] making reduction of intrap-
eritoneal tumour volume essential [45]. Hyperthermia 
alone is cytotoxic at cellular and tissue levels [46] and 
studies in cultured mammalian cells, and in animal 
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tumours, show that hyperthermia can enhance cytotox-
icity of some chemotherapeutic agents [47]. Combining 
hyperthermia with intraperitoneal chemotherapy opti-
mises cytotoxicity.

6.6.3 � Survival Following CRS and HIPEC

The single most important factor in survival has been 
the ability to achieve complete tumour removal [24, 
48]. No clear strategy exists for patients identified at 
preoperative assessment or intraoperatively to have dis-
ease not amenable to complete resection due to tumour 
extent and distribution, serious co-morbidity or age. 
There is increasing evidence that these patients benefit 
from a major palliative resection with reasonable inter-
mediate-term survival of 43% at two years and 15% at 
five years and improved quality of life [49, 50].

6.6.4 � Morbidity and Mortality 
of CRS with HIPEC

There have been a number of reports addressing the 
morbidity and mortality associated with CRS and 
HIPEC [51]. Major morbidity includes anastomotic 
leakage, enteric and pancreatic fistulation, cardiopul-
monary events, thromboembolism and intra-abdominal 
abscesses.

Recent reports suggest that the initial high morbid-
ity and mortality seen with CRS and HIPEC decreases 
with increasing experience [52, 53]. Experience results 
in improvements in patient selection, surgical exper-
tise and postoperative management [54].

6.7 � Conclusion

PMP, though uncommon, can present unexpectedly at 
laparotomy or laparoscopy and in women commonly 
simulates ovarian cancer clinically, radiologically and 
at operation. Accumulating evidence suggests that 
optimal surgical resection (complete cytoreduction if 
possible) combined with HIPEC is an effective strat-
egy for treating PMP. The treatment is complex, asso-
ciated with significant morbidity and mortality and a 

substantial institutional, and individual, “learning 
curve” [55].

All surgeons who operate in the abdomen will occa-
sionally encounter a patient with PMP. In this unex-
pected event the best strategy to facilitate subsequent 
attempts at complete cytoreduction is to take generous 
biopsies, remove the appendix if accessible and refrain 
from major resectional interventions. Following recov-
ery and histological confirmation of the clinical diag-
nosis, an opinion should be sought from a specialised 
assessment and treatment centre [56].

PMP is at best a “borderline” peritoneal malignancy 
despite the indolent pathology and slow progression in 
some cases. Other mucinous tumours, including 
aggressive adenocarcinomas may simulate PMP and 
caution is required before labelling such cases as PMP 
to avoid the false hopes of favourable outcomes 
increasingly reported from management of true PMP.
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7.1 � Introduction

Clear cell carcinoma is a distinct entity from other epi-
thelial ovarian carcinomas, not simply because of its 
characteristic histology, but because of its specific bio-
logical and clinical behaviour. It is the second most 
common histological subtype of ovarian cancer, after 
serous carcinoma, accounting for 4–12% of ovarian 
epithelial cancers in Western countries [1, 2]. It com-
prises a greater proportion of ovarian epithelial cancers 
in Japan, up to 20% [1], where the incidence is rising 
[3]. Even in the West, clear cell carcinoma accounts 
for a significantly higher proportion of ovarian cancers 
in people of Japanese descent, compared to all other 
ethnic groups [2].

The median age of presentation with clear cell car-
cinoma is nearly 10 years younger than for all other 
ovarian epithelial cancers, at 55 years [2]. Common 
presenting symptoms include a firm, unilateral palpa-
ble pelvic mass, the development or exacerbation of 
dysmenorrhea or dyspareunia, gastrointestinal symp-
toms, pelvic pain, and less commonly, abdominal dis-
tension [4]. Clear cell carcinoma is significantly more 
likely to be diagnosed at FIGO Stage I or II than other 
ovarian epithelial cancers, but after adjusting for stage, 
outcomes are still worse [2].

Protective factors against the development of clear 
cell cancer appear to be hormonal contraceptive use 
in excess of 5 years, increased parity, and possibly 

smoking [5]. The former two factors result in decreased 
ovulation, but it is not clear if this is the mechanism 
of risk reduction. Obesity is associated with a twofold 
increased risk of developing clear cell carcinoma [5, 
6], but the most well established and widely recogn-
ised risk is the presence of endometriosis [7] which is 
associated with a threefold increase in the risk of clear 
cell ovarian cancer [5]. Despite this, a recently reported 
prospective Japanese study revealed that less than 1% 
of patients with endometriosis go on to develop ovar-
ian cancer, although among these, clear cell was the 
commonest histology [8]. This risk appears to increase 
with age, post-menopausal status and with endometri-
oma exceeding 9  cm in diameter. However, among 
those with endometriosis, increasing parity and smok-
ing status did not appear to influence the risk of devel-
oping ovarian cancer [8]. Presenting symptoms do not 
appear to differ between those patients with and with-
out concurrent endometriosis, although those patients 
with clear cell carcinoma arising within endometriosis 
are reported as presenting at a significantly younger 
age than other clear cell carcinomas [9]. As these are 
not dissimilar to the presenting symptoms of ovarian 
cancer, these patients may be investigated earlier. The 
presence of endometriosis does not appear to alter ini-
tial resectability [9]. Disease recurrence and death were 
significantly lower among optimally resected patients 
with endometriosis, compared to those without, and 
their median overall survival was significantly longer, 
but this may be a result of the earlier stage of presenta-
tion in this group of patients and could be explained by 
the symptoms accompanying the endometriosis lead-
ing to earlier investigation [4, 9].

In addition to the association with endometriosis, 
clear cell carcinoma of the ovary is less frequently 
associated with clear cell adenofibromas. It has been 
suggested that this may represent an alternative clonal 
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precursor for clear cell carcinoma [10]. To date, few 
studies have examined their behaviour in detail and the 
results have been conflicting. Some suggest these 
tumours are less aggressive in comparison to non-ade-
nofibromatous clear cell carcinoma [11, 12], whereas 
others link them with poorer outcomes [13]. Compared 
to non-adenofibromatous clear cell carcinoma, fewer 
of these are associated with endometriosis [11].

Clear cell carcinomas are associated with para-
neoplastic phenomena. In particular, they have been 
shown to be the most common gynaecological histol-
ogy associated with parathyroid hormone-related pro-
tein excretion. This correlates with serum 
hypercalcaemia, which appears to respond well to 
treatment [14]. Clear cell carcinoma is also associated 
with a 2.5-fold risk of venous thrombo-embolism com-
pared to other epithelial ovarian cancers, even when 
prophylactic anticoagulation is used, and a role for 
therapeutic anticoagulation has been proposed [15]. 
Those patients with recurrent disease appear to be at 
greater risk [16]. It has been postulated that tissue fac-
tor expression, which shows significant correlation 
with both venous thromboembolism and clear cell 
ovarian cancer, may be a contributing factor to this 
phenomenon [17].

7.2 � Management

Since 1988, the International Federation of Gynaecol
ogy and Obstetrics has recommended that surgical 
staging for ovarian cancer includes pelvic and para-
aortic lymph node sampling or lymphadenectomy. 
This provides prognostic information and helps deter-
mine the need for adjuvant treatment. However, there 
is yet to be a sound evaluation of its impact, if any, on 
survival in clear cell carcinoma. Retrospective studies 
of Stage I clear cell carcinomas to date have involved 
a variety of adjuvant chemotherapies between, and 
sometimes within, the lymphadenectomy and non-
lymphadenectomy groups and have produced con-
flicting results. One of the earlier studies suggested 
superior outcomes for those who underwent lymph-
adenectomy, but this group received adjuvant che-
motherapy with paclitaxel in addition to carboplatin, 
whereas those in the non-lymphadenectomy group 
received cisplatin-based chemotherapy [18]. Data 
from the Surveillance, Epidemiology and End Results 

programme has been analysed for all ovarian cancer 
patients, revealing a significant improvement in 5-year 
survival in all epithelial ovarian cancer groups who 
underwent lymphadenectomy, with the exception of 
clear cell carcinomas [19]. A further study of clear cell 
carcinoma alone showed no improvement in disease-
free or overall survival with lymphadenectomy [20]. 
Any apparent survival benefit from lymphadenectomy 
may be attributable to more accurately staged patients 
in this group being compared against under-staged 
patients, with an intrinsically poorer prognosis in the 
non-lymphadenectomy group.

There are no established international guidelines 
for fertility sparing surgery in clear cell ovarian carci-
noma, despite the frequency of presentation at an early 
stage. In epithelial ovarian carcinoma fertility sparing 
surgery is usually reserved for stage IA disease. In a 
small retrospective series, ten patients with clear cell 
carcinoma who would normally have undergone radi-
cal surgery, but who instead underwent fertility spar-
ing surgery, were reviewed. All but one received 
adjuvant chemotherapy irrespective of stage. Nine 
were alive and five pregnancies had occurred in four 
patients [21]. Larger studies are needed to evaluate the 
longer term risks of this approach.

In early stage disease, it has been shown that adju-
vant platinum-based chemotherapy significantly 
increased disease-free survival, compared to no adju-
vant chemotherapy, in patients with serous adenocarci-
noma, but not in patients with clear cell carcinoma 
[22]. In advanced disease, first-line treatment with car-
boplatin and paclitaxel is the current standard for epi-
thelial ovarian cancer [23, 24], but it has been shown 
that response rates to this combination in clear cell car-
cinoma are significantly lower than in serous adeno-
carcinoma [25]. There is emerging evidence that 
irinotecan, in combination with cisplatin, achieves 
superior outcomes in both early and advanced clear 
cell carcinoma [26–29] and a phase III trial of irinote-
can and cisplatin combination therapy vs. paclitaxel 
and carboplatin therapy as first-line treatment for clear 
cell carcinoma is in progress [30].

There are few reported studies of second-line treat-
ment in clear cell carcinoma and those published high-
light extreme chemoresistance in this context. Even 
when a treatment-free period of greater than 6 months 
has been achieved, response rates to second-line chemo-
therapy are less than 10% [31, 32], much lower than that 
seen in other ovarian epithelial cancers.
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7.3 � Histopathology and Molecular 
Characterisation

Ovarian cancers are a heterogeneous group of tumours 
conventionally subdivided by grade and degree of dif-
ferentiation. Molecular studies have shown specific 
genetic defects to be present in certain histologic sub-
types, and cell line and mouse models have helped 
establish new insights into pathogenesis and indicate 
useful targets for preclinical testing of new treatments 
[34]. The general model for the development of ovarian 
cancer by Shih and Kurman in 2004 [35] was based 
largely on data from serous tumours, and the subdivision 
into type 1 and 2 serous tumours first proposed by them 
has been generally accepted, although not based on cat-
egory 1 evidence. Type 1 serous tumours are typically 
associated with KRAS or BRAF tumours, while type 2 
tumours show p53 mutations. Much less well categor-
ised were endometrioid tumours, although a series of 29 
cases has suggested a similar dual pathogenetic pathway 
with b-catenin, KRAS mutations and MSI associated 
with low-grade endometrioid carcinoma, and p53 muta-
tions associated with high-grade tumours [34].

Clear cell tumours characteristically have large, 
cuboidal, hobnail or flattened epithelial cells contain-
ing abundant clear cytoplasm lining tubules and cysts 
and growing in solid, tubular or glandular elements. 
An oncocytic form exists where the tumour cells have 
eosinophilic rather than clear cytoplasm [36].

Immunohistochemical studies have usually demon-
strated positive staining for the pro-apoptotic protein 
BAX, p21 and cyclin E [37–39]. HNF-1beta expression 
levels are significantly higher in CCC than non-CCC 
ovarian cancer [40]. Weak staining for TP53, HER2 
and cyclin A may also be seen, although TP53 muta-
tions are rare [37]. A study by Maeda [41] found 28% 
of CCC positive for glypican 3 (GPC3) staining, higher 
than the serous, endometrioid and mucinous tumours.

Loss of PTEN expression is seen in 40% of early 
stage clear cell tumours [42]. Mutation in PTEN has 
been suggested to be a key event in the progression 
from benign endometrial to endometrial tumours and 
clear cell carcinoma [43]. This lipid phosphatase in 
the AKT pathway inhibits cyclin D1 (CCND1) and 
p27, thus blocking cell cycle progression. In con-
trast to serous tumours, expression of the zinc finger 
transcription factor protein WT1 is usually absent in 
clear cell tumours [44], and the mechanism may be 

promoter methylation. E-cadherin is a cell adhesion 
molecule which is a transcriptional target of WT1 and 
whose expression is reduced in clear cell tumours [45]. 
CD44-10v splice variant expression has also been dem-
onstrated in clear cell tumours to be associated with 
adverse outcome. However, examination of multiple 
simultaneous factors has not been carried out in these 
small series to determine the independent contribution 
to prognosis, and it is not clear the extent to which they 
play a central part in development.

Molecular genetic features show copy number 
changes at 8q11–q13, 8q21–q22, 8q23, 8q24-qter, 
17q25-qter, 20q13-qter and 21q22-qter and reduced 
copy number on 19p [46], while another investigator 
found amplifications on 3 and 13q [47]. Deletions were 
also found at 9p, which is the known location of the 
cyclin-dependent kinase inhibitor 2(CDKN2) genes 
which encode the proteins p16 (INK4A), p15 (INK4B), 
and p14 (ARF) which are known tumour suppressors 
by regulating pathways interacting with Rb and p53. 
Interestingly, 9p deletions have also been noted in clear 
cell carcinomas of the kidney [48].

There is significant intraobserver variation in the 
diagnosis of mixed ovarian surface epithelial carcinoma, 
with consequences for data collection on chemoresis-
tance and prognosis. Mixed serous epithelial cancer with 
clear cell and serous components shows similar stage, 
mitotic activity and immunoreactivity to those of pure 
serous carcinoma and is likely to represent serous carci-
noma with clear cell changes [49]. A commonly accepted 
criterion is that the clear cell component must be 50% or 
greater for the diagnosis of clear cell cancer.

Occasionally, distinguishing serous low malignant 
potential (S-LMP) from CCC with prominent papillary 
architecture may prove difficult, and also unilaterality, 
non-hierarchical branching, monomorphous cell popula-
tion, and the presence of more typical CCC patterns else-
where in the tumour may be found to be helpful. The 
presence of endometriosis is not specific, but should 
prompt for consideration of papillary CCC. Increased 
number of mitotic figures may not be present and high-
grade cytologic atypia may be focal, requiring careful 
examination of multiple tumour sections for detection. 
CCC and S-LMP exhibit significantly different immuno-
reactivity for Wilm’s Tumour one (WT1) and oestrogen 
receptor; these markers may be useful adjunctive tests in 
problematic cases [49]. Metachronous metastases from 
clear cell renal carcinoma need to be differentiated from 
primary CCC, using histopathology and imaging.
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7.4 � Biomarkers

The chemoresistance of clear cell carcinoma is well 
recognised, although the mechanisms underlying this 
are not fully understood. Decreased drug accumula-
tion, increased drug detoxification, increased DNA 
repair activity and low cell proliferation are all thought 
to contribute [1]. Glutathione peroxidase 3 (GPX3) 
has been identified to be a gene highly expressed in 
CCC. Since GPX3 suppression increased the cisplatin 
sensitivity of CCC in vitro, GPX3 may be a candidate 
gene associated with the low cisplatin sensitivity of 
CCC [56]. Gene deletion of GPC-3 in  clear cell car-
cinoma may render these tumours more sensitive to 
the taxol [51].

The Ki-67 labelling index in CCC tumours was sig-
nificantly lower than in serous ovarian cancer. The 
Ki-67 labelling index for responders was significantly 
higher than that for non-responders in both tumour 
types. A multivariable analysis revealed that Ki-67 
labelling index and residual tumour size were indepen-
dent prognostic factors in CCC. Therefore, lower pro-
liferation of the tumour cells may contribute to their 
resistance to chemotherapy [1]. Hypoxia-inducible fac-
tor 1 alpha (HIF-1alpha) was significantly higher in 
CCC than in other histological subtypes (P = 0.001) and 
maybe a factor contributing to chemoresistance [52]. 
Expression of annexin A4 is elevated in ovarian CCC 
and is associated with chemoresistance in ovarian can-
cer cells, in part by enhancing drug efflux [59].

The expression in CCC of the genes involved in 
transcription, signalling, cell cycle, adhesion, matrix 
degradation and drug detoxification differs from other 
epithelial subtypes of ovarian cancer [54, 55]. 
Up-regulation of the hepatocyte nuclear factor-1 beta 
(HNF-1beta) and Polo-like kinase (PLK)-Early mitotic 
inhibitor-1 (Emi 1) as well as their downstream targets 
is found in most CCC [55, 56]. Early mitotic inhibi-
tor-1 (Emi 1) is a key cell cycle regulator, which pro-
motes S-phase and mitotic entry by inhibiting the 
anaphase promoting complex. Significant overexpres-
sion of EM1 protein was present in 82% (27/33) of 
CCC, independent of patient age, presence of ovarian/
pelvic endometriosis and FIGO stage, while the cor-
responding figures were 0/10 for mucinous carcinomas 
and 19% (6/32) endometrial carcinomas [57].

Several significant common pathways observed in 
CCC of the ovary overlap the datasets identified in 

CCC of the kidney. Inhibitors of HNF-1beta and 
PLK-Emi 1 and their downstream signalling mole-
cules are promising therapeutic targets which need 
evaluation [47].

CCC exhibit higher levels of hENT1, dCK, 5’NT 
and RRM1 compared to serous ovarian tumours. A 
statistically significant direct association of RRM2 
expression levels and the relative risk of death was 
observed (Chi = 8.18, P = 0.0043). Cases with high 
RRM2 expression had a shorter OS than cases with 
low RRM2 levels (P = 0.05), and this marker may 
deserve further investigation in a larger series.  Osteo
pontin expression is elevated in CCC and is closely 
associated with transcription factor hepatocyte nuclear 
factor (HNF)-1 beta overexpression, which upregu-
lated in CCC [56, 58].

Loss of phosphate and tensin homolog (PTEN) 
expression is more in CCC, but PTEN mutations are 
not often observed. The mechanism of PTEN gene 
silencing in CCC is still not clear. Neither PTEN pro-
moter methylation nor LOH at 10q23 locus is signifi-
cantly related to PTEN inactivation and is not an 
adverse prognostic factor in CCC [59, 60]. Similarily, 
TP53 overexpression and mutation is more in CCC, 
and not a useful prognostic factor [61].

Weak nm23-H1 and high AKT and pAKT expres-
sion was observed in ovarian serous adenocarcinoma 
and CCC. The expression of nm23-H1 was negatively 
correlated with tumour stage and grade and lymph 
node metastasis, whereas the expression of AKT/
pAKT was positively correlated with these clinical 
factors. Oestrogen up-regulated pAKT expression and 
reduced nm23-H1 expression, which inhibited cell 
migration. The PIK3 kinase inhibitor LY 294002 
antagonised the effect of oestrogen, yet reinforced the 
effect of progestin. The data suggested that AKT and 
pAKT are unfavourable prognostic factors for ovarian 
serous adenocarcinoma and CCC, whereas nm23-H1 
expression predicts favourable patient prognosis [56].

7.5 � Therapeutic Targets

GPC3 is a heparin sulphate proteoglycan overex-
pressed in some neoplasms and currently regarded as a 
tumour marker and potential target for immunotherapy. 
It was found in 44% of CCC, but rarely found in other 
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histological subtypes (mucinous 4%, endometriod 5%, 
serous 11%; P < 0.0001), apart from yolk sac tumour 
(100%). GPC3 expression was significantly associ-
ated with poor overall survival in Stage III/IV CCC, 
suggesting it may be related to the development and 
aggressive behaviour of CCC [41]. mTOR is frequently 
activated in CCC (86.6 vs. 50% of serous adenocarci-
nomas) and could be a promising therapeutic target in 
the management of CCC [63].

Endometriosis serves as precursor of both CCC 
and endometrioid tumours of the ovary. Molecular 
events including p53 alteration, PTEN silencing, 
KRAS mutations and HNF-1 activation have been 
implicated in this transition, but the exact mecha-
nisms remains unclear as do the optimum targets 
needing evaluation [64].

The need for further research into targeted agents 
with greater activity in both the first- and second-line 
treatment of CCC is paramount. Many studies have 
been small and few biomarkers have been validated in 
separate series. Sequence mutations of PIK3CA, TP53, 
KRAS, PTEN and CTNNB1 and BRAF occurred in 
33, 15, 7, 5, 3 and 1% of CCC cases, respectively as 
shown in Fig 7.2. Drugs targeting PIK3CA may offer a 
more effective therapeutic approach compared with 
current chemotherapeutic agents for patients with 
advanced stage and recurrent CCC [62] Fig.  7.2. 
Yoshida et al. [66] in a review of genes highly expressed 
in clear cell tumours focussed on HNF-1 and its down-
stream targets, polo-like kinases/early mitotic inhibi-
tor-1 (PLK-Emi 1), KRAS and their downstream 
targets, and summarised in Fig. 7.1.
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transcripton
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mTOR
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Fig. 7.1  Proposed model for treatment strategies of CCC based 
on possible target genes. This figure shows signal transduction 
pathway predominantly found in CCC and the designing strate-
gies to treat CCC using a new model. These genes are mainly 
related to proliferation, invasion and metastasis. Other effects 
include adhesion, ECM remodelling, and detoxification. Several 

significant common pathways observed in CCC of the ovary 
overlap the datasets identified in RCC. Therefore, proposed 
inhibitors of this pathway are cytokines (IL-2, IFN-alpha), anti-
bodies (anti-VEGF), and small molecules (sunitinib, sorafenib) 
that currently used for treatment of RCC. From Yoshida et al. 
[66] reprinted with permissionak
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Clear cell carcinoma of the ovary (CCC) was initially 
termed as “mesonephroid” by Schiller in 1939 because 
it was believed to originate from mesonephric struc-
tures and resembled renal carcinoma. Since 1973, CCC 
has been recognized by the World Health Organization’s 
classification of ovarian tumors as a distinct histologic 
entity [1]. Recently, CCC, which frequently appears 
during stage I, has been considered resistant to plati-
num-based chemotherapy and to have a poorer progno-
sis with respect to other subtypes of epithelial ovarian 
cancer (EOC). Recent clinical and molecular studies 
support the hypothesis that CCC and mucinous cysta-
denocarcinoma (MAC) are rare and refractory cancers 
that are biologically distinct from other EOCs.

8.1 � Incidence and Clinical Behavior

The proportion of CCC is higher in Japanese population 
(>20%) than that in the Western countries or other Asian 
countries (3–12%), though the reason for this remains 
unknown [2–4]. Recently, Chen et  al. reported that 
patients with CCC were more likely to be Asian; the 
proportion of Asian, Whites, and Black with clear cell 
histology was 11.1, 4.8, and 3.1%, respectively [5].

CCC of the ovary is a histologic subtype of EOC 
showing a different clinical behavior. CCC frequently 

presents as a large pelvic mass, rarely occurs bilater-
ally, and occasionally associated hypercalcemia and/or 
thromboembolic vascular complication [2, 3, 6–9]. 
Development and proliferation of CCC differ from 
SAC, which is supported by in vitro studies [10].

8.2 � Histopathological Issues

8.2.1 � Histopathological Characteristics

CCC has specific histologic subtype of EOC composed 
of glycogen-containing clear cells and hobnail cell, and 
occasionally, other cell types as follows; (1) The tumor 
invades ovarian stroma, manifested by stromal destruc-
tion, desmoplasia, hyalinization, and/or confluence of 
epithelial elements. (2) The tumor growth pattern is 
tubulocystic, papillary (Fig. 8.1a), solid (Fig. 8.1b), or a 
combination of two or all of these. (3) The tumor cells 
contain cytoplasm which is optically clear with hema-
toxylin staining (Fig.  8.1b), or project in a hobnail 
(Fig. 8.2a) or peglike pattern into neoplastic lumens, or 
display a combination of the clear and hobnail patterns. 
Occasional tumors may be partially or predominantly 
oncocytic (Fig. 8.2b). (4) Tumor cell nuclei are pleo-
morphic but mitotic figures are rarely numerous. (5) 
Less than ten percent of another epithelial carcinoma 
pattern (endometrioid, serous.etc.) is present. If more 
than 10%, the diagnosis is mixed type carcinoma.

The assessment of malignancy and the differentia-
tion of primary and metastatic carcinoma in CCC 
patients can be performed more easily than in other 
EOC patients; however, it is possible for CCC to be 
misdiagnosed as high-grade serous adenocarcinoma 
(SAC). It is known that histological differentiation is a 
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good prognostic factor for EOC. However, the pathol-
ogy manual by the Gynecologic Oncology Group 
(GOG) does not recommend CCC grading due to its 
many associated problems.

8.2.2 � Origin of CCC

It was reported that endometriosis frequently showed a 
sequential change to CCC and endometrioid adenocar-
cinoma (EAC), therefore, atypical endometriosis is 
considered as a precancerous change [11]. In addition, 
it was reported that the CCC arising in endometriosis 
has good prognosis [12]. Endometriosis causes gene 
mutation including loss of heterozygosity (LOH), sug-
gesting that tumor suppressor gene inactivation is 
involved in development of peritoneal endometriosis 
[13]. It has also been reported that K-ras mutation is 
involved in transformation from endometriosis to CCC 

[14], and p53 and phosphatase and tensin homologue 
(PTEN) mutation are often found in EAC [15]. The 
possibility of aggravation of endometriosis is estimated 
as 2.5% or more. A 9-year follow-up cohort study was 
carried out in 6,398 patients with endometrial cyst and 
57,165 control patients in Japan, and 46 patients 
(0.72%) and seven patients (0.012%) developed EOC, 
respectively. The relative risk of aggravation of endo-
metrial cyst was 12.4 (95% confidence interval: 7.9–
17.3). Most EOCs from endometrial cyst are CCC and 
EAC, and when the incidence in 20s is considered 
1.00, the incidences in 40s and 50s are 3.60 and 10.7, 
respectively, indicating that endometrial cyst can turn 
cancerous around menopause [11].

Another origin of CCC is clear cell adenofibroma 
(CCAF). Yamamoto et al. conducted allelotype analy-
sis of CCC and CCAF in 14 cases of CCC associated 
with benign CCAF and/or borderline CCAF, and dem-
onstrated that the concordance rate in allelic patterns at 
all informative loci was 74% between benign CCAF 

a

Papillary pattern Solid pattern

b

Fig. 8.1  The growth pattern of clear cell carcinoma is tubulocystic, papillary (a, H.E. stain, ×33), solid (b, H.E. stain, ×66), or a 
combination of two or all of these
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and adenocarcinoma components, 81%. Between bor-
derline CCAF and adenocarcinoma components, and 
LOHs on 5q, 10q and 22q were frequent in both CCAF 
and adenocarcinoma components, whereas LOHs on 
1p and 13q were rare in CCAF components but fre-
quent in adenocarcinoma components [16]. They con-
cluded that CCAF can be a clonal precursor for CCC.

8.3 � Molecular Biology

EOC is usually divided into four histological types 
including SAC, mucinous adenocarcinoma (MAC), 
clear cell adenocarcinoma (CCC), and EAC and the 
origins of these four types are different, and genetic 
status is thought to be different among them. It was 
reported that the frequent distinct region of loss 
detected was 9p21 (41%), 1p (28%), 11q (22%), 16 
(28%), and common region of amplification was 3 

(33%), 13q (22), 15 (17%) in CCC [17]. Suehiro et al. 
reported that increased copy numbers of 8q11-q13, 
8q21-q22, 8q23, 8q24-qter, 17q25-qter, 20q13-qter 
and 21q22-qter and reduced copy numbers of 19p are 
frequent and increased copy numbers of 17q25-qter 
and 20q13-qter occurred more frequently in recurrent/
non-surviving patients than in disease-free patients in 
CCC (p < 0.05). They finally concluded that CCC can 
be classified into two subtypes, one being cancer with 
an increase in copy numbers of 8q and the other being 
cancer with increase in copy numbers of 17q25-qter 
[18]

.
 Okada et  al. compared CCC and SAC using 

allelotype analysis and showed that LOH was detected 
on 1p (69%), 19p (45%) and 11q (43%) and the inci-
dences of LOH on 5q, 12q, 13q and 17p were signifi-
cantly lower in CCC than SAC [19]. Hirasawa et al. 
reported that gain of 17q21-q24 showed significantly 
negative correlation with disease-free and overall sur-
vival in CCC (p = 0.0012 and 0.0039) [20]. In contrast, 
it was reported that gains of 2p22p25, 20q12q13 and 

a

Hobnail pattern Oncocytic pattern

b

Fig. 8.2  The tumor cells contain cytoplasm which is optically 
clear with hematoxylin staining (Fig. 8.1b), or project in a hob-
nail (a, H.E.stain, ×100) or peglike pattern into neoplastic 

lumens, or display a combination of the clear and hobnail pat-
terns. Occasional tumors may be partially or predominantly 
oncocytic (b, H.E.stain, ×100)
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loss of 5q14q22 were related with prognosis of other 
histologic types [21–23].

Schwartz et al. analyzed expression profile in 113 
EOCs and showed that MAC and CCC can be readily 
distinguished from SAC [24]. In addition, Zorn et al. 
compared the expression profile among SAC, EAC, 
CCC subtypes of ovarian and endometrial cancer, and 
kidney cancer and demonstrated that CCC showed a 
remarkable similarity in gene expression profiles 
across organs (including kidney) [25]. From these find-
ings, gene expression is thought to be different among 
histological types. Generally, it was recognized that 
women with SAC has high p53 abnormalities rate and 
low PTEN abnormality rate [26, 27]. It was reported 
that women with CCC has lower expression or muta-
tion rate of p53 compared with SAC [28, 29]. We pre-
viously showed that loss of PTEN expression is 
relatively common in CCC and cyclin E expression is 
significantly higher in CCC than in SAC [30, 31].

8.4 � Surgery and Surgical Staging

8.4.1 � Cytoreductive Surgery

The residual tumor diameter after the initial surgery is 
an important prognostic factor in stage III EOC. Hoskins 
et al. conducted a GOG study and indicated that CCC is 
a significant prognostic factor in small-volume stage III 
EOC after cytoreductive surgery based on univariate 
analysis results [32]. Advanced CCC patients with opti-
mal disease showed a significantly better prognosis than 
those with suboptimal disease; consequently, the impor-
tance of maximum cytoreductive surgery is indicated 
[27, 33]. A retrospective study of advanced CCC was 
recently conducted in Japan and showed that the survival 
rate was low in groups with both a ³1 cm and <1 cm 
residual tumor diameter after surgery, and the survival 
rate in the complete resection group was significantly 
higher than in the groups with both a ³1 cm and a <1 cm 
residual tumor diameter after initial surgery (Fig. 8.3) 
[34]. For CCC treatment, the postoperative condition 
without visible lesions, i.e., maximum cytoreduction, 
should be sought. Some studies have indicated that the 
success rate of complete resection in CCC does not dif-
fer from that in other EOC [35, 36], however, recent 
studies have shown high success rates and few CCC 
patients with large residual tumors after surgery [33].

8.4.2 � Lymph-Node Metastasis

Even in pT1 EOC, the incidence of positive lymph-
nodes was not low, ranging from 5.1 to 20% [37–39]. 
It was reported that SAC had a higher incidence of 
lymph-node involvement than non-SACs [40]. The 
true incidence of lymph-node metastasis in CCC had 
not been clear. Takano et al. showed the similar rate of 
lymph-node metastasis compared with other EOC in a 
large number of patients with CCC [30]. Lymph-node 
metastasis was observed in 9.1% in pT1a tumors, 
7.1% in pT1c tumors, and 10.8% in pT2 tumors, 
respectively. Fifteen (8.7%) of 173 patients who had 
pT1 or pT2 tumors were upstaged as stage IIIc tumors 
based on lymph-node status. Chen et al. showed that 
27.5% of 28,082 EOC patients underwent lymph-
node dissection and lymph-node involvement was 
found in 7.9% of CCC patients, which was signifi-
cantly lower than 13.6% of SAC patients [5]. In sev-
eral reports of CCC patients who received a 
comprehensive surgical staging including lymph-
adenectomy, lymph-node status was identified as a 
strong prognostic factor and it is essential to accu-
rately evaluate the lymph-node status through com-
plete surgical staging procedures. Onda et al. showed 
that the prognoses for pT1 and pT2 diseases with or 
without lymph-node metastasis were similar [41]. In 
contrast, several studies made clear that survival rates 
with node-positive disease were significantly lower in 
pT1 and pT2 diseases [38, 42, 43].
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Fig. 8.3  Progression-free survival (PFS) of stage III, IV patients 
according to the residual tumor (RT) diameter: The patients with 
no residual tumor had significantly better PFS than those with 
the tumor diameter less than 1 cm (p = 0.04) or those with the 
tumor diameter more than 1 cm (p < 0.01), respectively [9]
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8.4.3 � Stage Distribution

CCC frequently appears at early stages (stage I/II: 
59–71%), especially stage IC (Table 8.1) [2, 3]. Approxi
mately 30% of them develop stage III cancer and rarely 
have a measurable lesion after the initial surgery. In con-
trast, SAC is found not at early stages but most of them 
are advanced cancer.

In a review of the study results regarding prognostic 
factors for EOC, it was found that many studies con-
sidered CCC to be a prognostic factor, although some 
indicated that stage I CCC is not a prognostic factor 
[44]. The GOG showed that CCC and MAC were sig-
nificant prognostic factors in 726 patients with stage 
III-IV EOC [45], and many other studies supported 
this finding [46],.

8.5 � Adjuvant Treatment

Paclitaxel/Carboplatin using all subtypes of EOC as 
standard regimen may not be an optimal regimen for 
CCC because CCC accounts for only 2–5% of cases 
enrolled in randomized controlled trials.

8.5.1 � Response Rate in Postoperative 
Chemotherapy (Table 8.2)

8.5.1.1 � Conventional Platinum-Based 
Chemotherapy

CCC patients rarely have a measurable lesion after the 
initial surgery; there have therefore been no phase II 
studies of CCC patients. The response rates of conven-
tional platinum-based chemotherapy (carboplatin, 
platinum and cyclophosphamide, and platinum, cyclo-
phosphamide and doxorubicin) are also poor (11–27%) 
[47, 48]. In contrast, the progression disease (PD) rate 
is high in chemotherapy for CCC; CCC is therefore 

considered to be resistant to platinum-based chemo-
therapy [49]. In vitro studies in CCC cells have also 
shown cisplatin-resistance [50, 51].

8.5.1.2 � Combination Therapy of 
Paclitaxel and Platinum

The response rates of paclitaxel/platinum chemother-
apy, standard regimen for EOC, varied but generally 
low (18–56%) [48, 52–56]. Pectasides et  al. have 
reported that the response rate of clear cell adenocarci-
noma is 45% and significantly lower than that of SAC 
(81%) [53]. Ho et  al. and Utsunomiya et  al. have 
reported response rates of 56 and 53%, respectively 
[48, 52]. On the other hand, Enomoto et al. conducted 
a prospective study of paclitaxel/carboplatin and 
showed response rates of 81 and 18% for SAC and 
CCC, respectively [55]. In contrast, the PD rate was 
extremely high, ranging from 40 to 73%. Reporting on 
a recent preliminary review of the GOG experience 
with CCC in protocols 97, 111, and 132, Birrer noted 
in the ASCO 2003 that the response rate in that review 
(62% for papillary SAC and 38% for CCC; p = 0.07) 
did not reach statistical significance, but that the trend 
was similar [56].

8.5.2 � Survival Rate and Time

8.5.2.1 � Conventional Platinum-Based 
Chemotherapy

Of all studies regarding the prognosis of non-CCC (SAC 
in main), some studies that were published in 1970 or 
after have suggested that there is no difference in sur-
vival by stage between patients with CCC and SAC. In 
contrast, several recent reports have indicated that CCC 
is a histologic subtype with poor survival. Approximately, 
30% of patients who were diagnosed with Stage I/II 
EOC were CCC; consequently, it is important to control 

Histology Number of points I (%) II (%) III (%) IV(%)

a b c a b c

Serous adenocarcinoma 3085   5.1 1.1   7.6   7.1 3.4 5.5 53.4 14.7

Clear cell carcinoma   494 20.6 1.2 32.2 10.5 1.4 3.8 21.9   6.1

Table 8.1  Stage distribution

FIGO annual report: 1999–2001
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early CCC. Some studies reported that CCC in early 
stages showed similar survival rate to other EOC [29, 
33, 35], but others showed poor outcomes. Jenison et al. 
[3], O’Brien et al. [57], and we reported that CCC in 
early stages had a poorer outcome or a tendency toward 
poor outcome compared early-stage SAC [47]. Behbakht 
et al. indicted that Stage I CCC had a higher recurrence 
rate but a similar 5-year survival rate compared with 
other EOC [35]. Kennedy et al. reported that prognosis 
of stages I/II CCC was similar to that of SAC but that of 
Stage IC, CCC was poor in 1989 [2]. However, they 
reported in 1999 that no significant differences in sur-
vival were noted for either limited or advanced cancers 
in comparison with other histologic types of high-grade 
EOC [33], and then Kennedy et al. stated that all CCCs 
be considered high-grade tumors. Our results exhibited 
that Stage IC CCC with malignant ascites showed a sig-
nificantly poor prognosis among Stage I CCC [30]. 
Comprehensively, judging the above results, the recur-
rence rate of CCC in early stages is higher than that of 
SAC and the survival rate of CCC is similar or poorer. 
Many studies reported that CCC in advanced stages 
(stages III/IV) showed a lower survival rate than other 
EOC [2, 3, 35, 45, 46, 58]. Some studies reported no 
difference between them [57], however, the trend was 
similar. In a comparative study of 1,411 CCC and 13,835 
SAC patients who were identified from the Surveillance, 
Epidemiology, and End Results (SEER) from 1988 to 
2001, the 5-year disease-specific survival of CCC was 
slightly poorer in Stage I/II and significantly poorer in 
stage III/IV than that of SAC [5]. Kennedy et al. reported 
that the 5-year survival rate in patients with stages III/IV 
CCC (17%) was not significantly different from that of 
other high-grade, stages III/IV EOC (22%) [2]. Recio 

et  al. reported that platinum-based chemotherapy did 
not appear to improve the survival when compared with 
nonplatinum-based chemotherapy for CCC [27].

8.5.2.2 � Combination Therapy of 
Paclitaxel and Platinum

In studies used as evidence for recommending pacli-
taxel/carboplatin as the standard treatment for EOC, 
most of the enrolled patients have had SAC, with only 
2.1–4.9% and 2.4–4.4%, respectively, having CCC and 
MAC [28]. Consequently, these study results do not 
provide a scientific rationale for recommending pacli-
taxel/carboplatin as the standard therapy for CCC and 
MAC. The Gynecologic Intergroup (GCIG) analyzed 
the results of seven randomized cooperative group tri-
als in 8,704 women with stage III/IV EOC treated with 
combination therapy of paclitaxel and platinum and 
confirmed that the subjects included only 221 (2.5%) 
CCC and 264 (3.0%) MAC patients and that these 
patients had poorer outcomes than the SAC patients. 
The above GCIG analysis results do not support the 
recommendation that combination therapy of pacli-
taxel and platinum be the standard therapy for CCC 
and MAC.

Pectasides et al. have reported that the median sur-
vivals of CCC and SAC were 25 and 49 months, and 
the 5-year survival rates were 32 and 39%, respec-
tively, which indicated that CCC had a poorer or simi-
lar outcome compared with SAC [55]. Mizuno et al. 
indicated that there was no difference in the survival 
rate between CCC and SAC in stage III however, in 
stages IIIb and IIIc, the 5- and 8-year survival rates of 

Authors (year) Number of points Response rate (%) PD rate (%) Regimen

Sugiyama (2000) 27 11 82 Conventional platinum-based regimens

Ho (2004) 15 27 73 Conventional platinum-based regimens

Pectasides (2006) 20 45 – Including paclitaxel/platinum

Enomoto (2003) 11 18 73 Paclitaxel/carboplatin

Takano (2006) 22 32 56 Paclitaxel/carboplatin

Ho (2004) 16 56 44 Paclitaxel/platinum

Utsunomiya (2006) 15 53 40 Paclitaxel/platinum

Birrer (2003) 38 Paclitaxel/carboplatin

Takano (2006)   9 43 22 Irinotecan/cisplatin

Table 8.2  Response platinum-based chemotherapy for CCC: recent reports [7]
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CCC were significantly lower than those of SAC [29]. 
A few studies showed that paclitaxel/platinum chemo-
therapy was more effective to CCC than conventional 
platinum-based chemotherapy however, the efficacy 
for CCC prognosis is still insufficient. Enomoto et al. 
also conducted a prospective study of TC regimens 
and showed a significantly shorter survival time of 
CCC than that of SAC and EAC [55]. In particular, the 
survival rate of patients with residual tumor after the 
initial surgery was extremely low (Fig. 8.4). A recent 
randomized controlled trial comparing tri-weekly and 
weekly dose-dense TC regimens in Stage II-IV EOC 
patients confirmed a significant improvement in out-
comes of the weekly dose-dense TC regimens (median 
survival time: 28 months vs. 17 months) [59]. Many 
subset analyses indicated the superiority of weekly 
dose-dense TC regimens; however, no difference in 
clear cell/mucinous histology alone was shown, sug-
gesting the limitation of CCC treatment with pacli-
taxel/carboplatin. The GCIG analysis of 221 Stage III/
IV CCC patients treated with combination therapy of 
paclitaxel and platinum confirmed that their outcomes 
were poorer than those of SAC patients.

8.5.2.3 � Combination Therapy with Irinotecan

Recurrent tumor after treatment with Paclitaxel/
Carboplatin, particularly in paclitaxel/carboplatin-
resistant patients, is usually treated with irinotecan 
mono- and combined therapy in Japan. The standard 

regimen in monotherapy with irinotecan is 100 mg/m2 of 
CPT-11 (days 1, 8 and 15) every 4 weeks, and Matsumoto 
et al. have shown a 29% response rate in 28 paclitaxel/
carboplatin-resistant patients [60]. No results are avail-
able, however, for CCC patients alone. The major com-
bination therapy of irinotecan involves irinotecan and 
cisplatin (CPT-P) regimens [61], and the rationale for 
this regimen is that there is no cross-tolerance or over-
lapped toxicity and that there are additive or synergistic 
effects. Some studies have confirmed a 40–50% response 
rate in CCC; but all of these have been small-scale stud-
ies with approximately ten patients [34, 62–66]. Our ret-
rospective study confirmed a 43% response rate [34]. 
The Phase II trial of TC and CPT-P regimens in CCC 
(JGOG3014) confirmed that CPT-P regimens are supe-
rior to paclitaxel/carboplatin in patients with residual 
tumors less than 2  cm, although the survival rates are 
similar [67]. CPT-P regimens are currently being exam-
ined as a research arm in an ongoing international ran-
domized comparative study (GCIG/JGOG 3017). 
Irinotecan combined with MMC has shown good effi-
cacy to CCC as well as irinotecan/platinum chemother-
apy [68–70]. However, these have been small-scale 
studies, and prospective RCT is required. The sensitivity 
of SN-38 to CCC was confirmed in an in vitro study by 
Nishida et  al. [71] and the sensitivity of paclitaxel by 
Ohta et al [72]. Our fundamental study with 5 CCC cell 
strains confirmed the sensitivity of paclitaxel and SN-38 
(irinotecan) in three strains, respectively, and the sensi-
tivity of cisplatin in one strain, while there was no sensi-
tivity of MMC and VP-16 in any of the five strains [73].
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Serous (n=76)
Endometrioid (n=22) : RR= 0.64 (95% CI : 0-1.47))
Mucinous (n= 9) : RR 2.19 (95% CI: 1.73-2.65)
Clear cell (n=12) : RR 2.11 (95% CI : 1.67-2.56)
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Fig. 8.4  Overall survival (OS) 
in Stage II–IV patients with 
suboptimal disease (residual 
disease >1 cm) treated with 
paclitaxel/carboplatin. The OS 
of clear cell carcinoma was 
significantly shorter than that 
of serous adenocarcinoma [55]
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8.6 � Mechanisms of Chemotherapy 
Resistance (Table 8.3)

CCC is thought to be resistant to conventional platinum-
taxane based chemotherapy. Several mechanisms involved 
in drug resistance have been suggested, including 
decreased drug accumulation, increased drug detoxifi-
cation, and increased DNA repair system [74–76].

8.6.1 � ABC Transporter

ABC transporter enhances drug efflux and cause a 
decrease in the accumulation of the drug. Oishi et al. 
examined tumor samples from 30 SACs and 20 CCCs 
for the expression of MDR1, MRP1, MRP2 and MRP3 
mRNA using real-time RT-PCR and demonstrated that 
MRP3 expression in CCC was significantly four times 
higher than that in SAC [77]. Schaner et al. performed 
microarray analysis for 55 EOCs and demonstrated 
that MRP3 was highly expressed in the CCC [78]. 
MRP3 is a transporter that may confer resistance to 
several chemotherapeutic agents including topoi-
somerase inhibitors, platinums and antimetabolites 
[79]. We performed genomic and expression array 
analyses for 30 CCCs and 19 SACs and demonstrated 
significantly higher ABCF2 DNA and mRNA copy 
number and protein levels in CCC compared with 
those in SAC, furthermore, ABCF2 cytoplasmic stain-
ing was significantly higher in nonresponders than that 
in the responders [80]. ABCF2 gene on 7q35–36 is a 

member of the ABC transporter superfamily; however, 
the role of ABCF2 remains unclear.

8.6.2 � Drug Inactivation

Drug detoxification is also important for drug resistance. 
Schaner et  al. reported that several genes involved in 
drug resistance such like annexin IV (ANXA4) or glutare-
doxin (GLRX) were highly expressed in the CCC [81]. 
Schwartz et  al. also reported that GLRX and ANXA4 
were highly expressed in CCC [19]. ANXA4 has been 
implicated in drug resistance after exposure of cells to 
paclitaxel [79], and glutaredoxin, a redox regulating pro-
tein, has been implicated in resistance to cisplatin [78].

8.6.3 � Low Cell Proliferation

The 60% of CCCs are diagnosed at stage I, and it may 
mean that growth of CCC is slow. Itamochi et al. dem-
onstrated that CCC has low proliferation activity and 
proliferation activity was related with chemoresistance 
and concluded that low proliferation of tumor may be 
a behavior of CCC that contributes to its resistance to 
chemotherapy [82, 83]. In addition, they also reported 
that the expression of galectin-3 in CCC might contrib-
ute to its lower cell proliferation and lead to cisplatin 
resistance [77]. Shimizu et  al. reported that in CCC, 
the Ki67, p53 and cyclin A expression are low [84]. 
Low proliferating activity is thought to be associated 
with chemoresistance.

8.6.4 � Stress Response, Glycogenesis 
and Glycolysis

Schwartz et al. analyzed gene expression in 113 EOCs, 
using oligonucleotide macroarrays [19]. They demon-
strated that CCC was readily distinguished from the 
SAC and 73 genes expressed 2–29-fold higher in CCC 
compared with other histological types. Of these genes, 
glutathione peroxidase 3 (GPX3), glutaredoxin (GLRX), 
superoxide dismutase (SOD2) were included and have 
all been implicated in oxidative stress response. These 
antioxidant proteins may render CCC more resistant to 

ABC transporter
  MRP3 ABCF2

Drug inactivation
  ANXA4 GLRX

Cell proliferation
  Cyclin EGFR

Stress response
  GPX3 SOD2 HIF 1a HIG2

DNA repair
  ERCC1 XPB hMLH1 hMSH2

Other
  HNF1b TWIST

Table 8.3  Chemoresistance related gene
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chemotherapy [85]. Lee et al. compared the hypoxia-
inducible factor 1 alpha (HIF 1alpha) expression in 
EOC and showed that HIF-1 alpha expression is higher 
in CCC than in other histological types [86]. In addi-
tion, we previously demonstrated that hypoxia-induc-
ible protein 2 (HIG2) expressions is higher in CCC than 
in SAC [80]. HIF 1alpha and HIG2 proteins are induced 
in hypoxic condition. HIF 1alpha has been reported to 
be an important predictor of tumor progression for 
some solid cancer [87, 88]. Togashi et al. showed that 
HIG2 is a novel potential target for molecular therapy 
of renal cell cancer [89].

Another possibility of drug resistance is glycogenesis 
and glycolysis. Morita et al. performed proteomic analy-
sis for 2 CCC cell lines and MAC cell line and demon-
strated that selected 12 genes in which elevated in CCC 
[90]. Of these 12 genes, 5 genes were related with glyco-
lysis. Higashiguchi et al. reported that hepatocyte nuclear 
factor 1b (HNF1b) expression is higher in CCC than in 
other histological types [91]. HNF-1b has been reported 
to act antagonistically toward HNF-1a which increases 
expression of sodium-glucose cotransporter 1 [92], glu-
cose 6-phosphate transporter, and glucose 6-phosphatase 
[93]. Given that glycogen storage was shown in the 
hepatocytes of HNF-1a-null and mutant [93, 94]. 
Higashiguchi et al. speculated that HNF-1b overexpres-
sion might cause clear cytoplasm characteristics. 
Kiyozuka demonstrated that (1) glycogen concentration 
in CCC cytoplasm is high and its concentration is posi-
tively related with cell doubling time, (2) in glycogen 
free condition, chemosensitivity of SAC cell line 
increase, however, that of CCC did not change [95].

8.6.5 � Other

TWIST is a highly conserved basic helix-loop-helix 
transcription factor that regulates the expression of 
E-cadherin and promotes the epithelial-mesenchymal 
transition. In addition, TWIST was reported to be 
involved in the development of acquired resistance to 
chemotherapeutic agents including paclitaxel [96, 97]. 
Kajiyama et al. reported that TWIST expression was 
an independent prognostic factor in CCC [98]. Another 
important system is DNA repair system. Reed et  al. 
reported that mRNA expression of excision repair 
cross-complementing rodent repair deficiency, com-
plementation group 1 (ERCC1) and xeroderma 

pigmentosum group B (XPB) expression were higher 
in CCC as opposed to other histological types. ERCC1 
and XPB are key genes in the nucleotide excision repair 
pathway, and clinical resistance of platinum-chemotherapy 
in EOC [99]. Cai et al. showed that high expression of 
hMLH1 and hMSH2 proteins are related with the 
development of a subset of CCC and there is a strong 
correlation between alterations in the expression of 
hMLH1 and hMSH2 and the status of MSI [100]. 
Alteration of hMLH1 and hMSH2 are thought to cause 
the dysfunction of DNA mismatch repair systems and 
correlates with chemoresistance [101].

8.7 � Future Therapy

Clinical analysis results showed that outcomes in CCC 
patients were poorer than those in SAC patients. These 
results provide strong evidence in support of separate 
trials targeting the CCC patient population with new 
therapeutic strategies. CCC has a rare histological 
type; therefore, international collaborative research is 
needed. A CCC-specific international clinical trial 
(GCIG/JGOG3017) is currently ongoing. CCC has a 
markedly different molecular biology from other EOC, 
and patients with CCC are more likely to be completely 
resected than SAC. In addition to chemotherapy after 
complete resection, effective molecular-targeted drugs 
inhibiting cancer cell migration and invasion should be 
investigated.

CCC has a markedly different molecular biology 
from other EOC, and effective molecular-targeted drugs 
inhibiting cancer cell migration and invasion should be 
investigated [28]. Both epidermal growth factor recep-
tor (EGFR) and v-erb-b2 erythroblastic leukemia viral 
oncogene homolog 2 (HER2) are cell-surface receptor 
tyrosine kinases and activate the Akt signaling pathway. 
Fujimura demonstrated that EGFR expression is high 
in CCC clinical samples and gefitinib strongly inhibited 
the growth and invasion of 3 CCC cell lines [102]. 
Fujimura et  al. also reported that HER2 is frequently 
over-expressed in CCC clinical samples, and trastu-
zumab significantly and dose-dependently reduced the 
growth of CCC cell lines in mice model [103]. Zorn 
et  al. compared the expression profile among CCC, 
SAC, EAC and renal clear cell carcinoma (RCC) and 
demonstrated that CCC showed a remarkable similarity 
across organs (including kidney) [20]. Recently, Motzer 
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et al. demonstrated that sunitinib malate prolonged pro-
gression-free survival and response in patients with 
metastatic RCC compared with interferon alfa [104]. 
Sunitinib malate is an orally administered small molec-
ular inhibitors of tyrosine kinases, including vascular 
endothelial growth factor receptor (VEGFR) and plate-
let-derived growth factor receptor (PDGFR) [105, 106]. 
Rauh-Hain et  al. reported a cases of CCC in whom 
sunitinib was effective [107]. These molecular targets 
are promising candidate targets.
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9.1 � Introduction

Over the past few years, it has become increasingly evi-
dent that serous tumors of low malignant potential 
(LMP) and low-grade serous carcinoma coexist on a 
continuum. This realization has occurred due to the 
confluence of information on pathology, molecular 
biology, and clinical behavior of these two entities. This 
chapter provides evidence for this intimate relationship 
and outlines their contemporary clinical management.

9.2 � Serous Tumors of Low 
Malignant Potential

Since serous tumors of LMP were first described 
approximately 80 years ago, it has only been within 
the past two decades that our understanding of their 
biology and clinical behavior has escalated. Ovarian 
tumors of LMP account for approximately 15% of all 
epithelial neoplasms. The mean age of patients with 
this condition is in the early 40s – approximately two 
decades younger than the average age for women with 
invasive ovarian cancer. Presenting signs and symp-
toms associated with ovarian tumors of LMP are simi-
lar to those of invasive cancers and include abdominal 
bloating and abdominal discomfort or distension.

The typical histologic criteria for the diagnosis of 
serous tumors of LMP include: (1) stratification of the 

epithelial lining of the papillae; (2) formation of micro-
scopic papillary projections or tufts, often detached, 
arising from the epithelial lining of the papillae; (3) 
varying degrees of nuclear atypia; and (4) absence of 
frank stromal invasion [1]. For women with stage I dis-
ease, the standard treatment consists of surgery alone, 
with a long-term survival rate approaching 100% [2]. 
Because many patients with serous tumors of LMP are 
young and desirous of future childbearing, surgical 
management with fertility-sparing surgery is common, 
even for patients with advanced stage disease [3–5]. 
The major controversy surrounding the clinical man-
agement of apparent stage I disease is whether com-
prehensive surgical staging is indicated. Since lymph 
node involvement is unusual, some have suggested 
that pelvic and paraaortic lymphadenectomy are not 
indicated [6]. However, because the omentum and 
peritoneal surfaces within the pelvis are the most com-
mon sites of extra-ovarian disease, omentectomy and 
peritoneal biopsies are recommended even if the dis-
ease appears to be confined to the ovary.

Approximately 30% of patients have associated 
peritoneal implants. Peritoneal implants are classified 
as either noninvasive or invasive (Fig. 9.1) [1, 7–10]. 
Whether these peritoneal implants represent true meta-
static disease from the ovarian primary serous tumor of 
LMP or a common coexistent second primary tumor 
remains unclear [11, 12]. Although the most reported 
series include small numbers of patients, the recurrence 
rates for patients with noninvasive implants vary from 
10 to 50%, and 30 to 75% for patients with invasive 
peritoneal implants. Thus, the type of peritoneal implant 
is also prognostic. Despite this recurrence risk,  no 
effective postoperative therapy that results in recurrence 
risk reduction has been identified [8, 9]. Nevertheless, 
most experts currently recommend postoperative treat-
ment with paclitaxel/carboplatin chemotherapy for 
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those women with serous tumors of LMP and invasive 
peritoneal implants related to its poor prognosis. The 
small number of patients in all reported series makes 
any definitive conclusion regarding the advisability of 
postoperative chemotherapy extremely difficult, if not 
impossible.

Thus stage, as defined by the presence or absence of 
peritoneal implants and the site of the implants, is a 
prognostic factor in women with serous tumors of LMP. 
Other factors that have been extensively studied as hav-
ing prognostic significance include the micropapillary 
pattern, microinvasion, and lymph node involvement. 
The micropapillary pattern of serous tumors of LMP, 
first formally described in 1996, is characterized by a 
proliferation of micropapillae containing little or no dis-
cernible connective tissue cores (Fig. 9.2) [13, 14]. The 

micropapillae are composed of several cell layers of 
epithelium that emanate from a central fibrous core, 
which is hyalinized, edematous, or myxoid. Occasionally, 
micropapillae merge with one another, resulting in a 
cribriform pattern. In these areas, the cells are flattened 
and display a mesothelial-like appearance. Rather than 
the columnar cells typical of serous borderline tumors, 
the most common cell type is a nonciliated cuboidal 
cell with scant cytoplasm and a high nuclear-to-cyto-
plasmic (N/C) ratio, followed in frequency by hobnail 
cells and columnar cells. Although the original reports 
on the micropapillary pattern essentially advocated 
that it be considered as an invasive carcinoma [13, 14], 
the preponderance of subsequent reports support the 
maintenance of the micropapillary pattern within the 
classification of serous tumors of LMP [15–17]. 
Nevertheless, it is true that, compared with the typical 
pattern of serous tumor of LMP, the micropapillary 
pattern is associated with a higher frequency of bilat-
eral ovarian involvement, invasive peritoneal implants, 
and relapse. On the other hand, overall survival is not 
significantly different [15–17].

Microinvasion – area(s) of stromal invasion <3 mm – 
does not apparently have a significant influence on 
survival [18]. However, microinvasion containing 
micropapillae may represent a high-risk lesion. Like
wise, lymph node involvement also does not appear to 
affect prognosis, but the presence of discrete nodular 
aggregates of epithelium may negatively impact sur-
vival [19]. Clearly, more studies of both microinvasion 
and lymph node involvement are warranted to elucidate 
their true significance.

When women with an original diagnosis of serous 
tumor of LMP do relapse, approximately 80% do so 
with invasive low-grade serous carcinoma [8–10, 17, 
20]. For the 20% or so who relapse with a serous tumor 
of LMP, secondary surgery appears to be the most 
effective therapy [20]. The remainder of this chapter 
deals with the current state of knowledge regarding the 
clinicopathological and molecular aspects of low-
grade serous carcinoma.

9.3 � Low-Grade Serous Carcinoma

Progress in our understanding of low-grade serous car-
cinoma of the ovary and peritoneum has been facilitated 
by an amazing confluence of advances in pathologic 

Fig. 9.1  Noninvasive peritoneal implant in omentum

Fig. 9.2  Micropapillary pattern of serous tumor of low malig-
nant potential demonstrating marked epithelial proliferation 
with long, thin papillae arising from stromal cores
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classification, clinical behavior information, and molec-
ular biology over the past two decades.

9.3.1 � Pathology

As noted previously, low-grade serous carcinoma may 
arise as a recurrence after an original diagnosis of a 
serous tumor of LMP. More commonly, low-grade 
serous carcinoma may arise de novo. Although several 
studies have indicated that histologic grade is one of 
the most important prognostic factors in epithelial 
ovarian cancer, no universal grading system exists. 
Beginning in the early 1990s, our group at M.D. 
Anderson Cancer Center developed and refined a sim-
pler, more reproducible, more clinically meaningful 
two-tier grading system for invasive serous carcinoma – 
low-grade and high-grade. After more than a decade 
of clinical use, we published the details of this pro-
posed two-tier grading system and subsequently found 
it to be highly reproducible [21, 22]. This grading sys-
tem is based primarily on the degree of nuclear atypia, 
with mitotic count as a secondary feature (Figs.  9.3 
and 9.4) [21]. In fact, grade 1 serous carcinoma accord-
ing to the grading system of the International Federation 
of Gynecology and Obstetrics (FIGO) usually coin-
cides with low-grade serous carcinoma, whereas grade 
3 serous carcinoma usually coincides with high-grade 
serous carcinoma. The problem is basically with grade 

2 by the FIGO system; while most are classified as 
high-grade in the two-tier system, a sizable minority is 
classified as low-grade. A subsequent report from the 
Gynecologic Oncology Group, in which serous carci-
nomas of patients enrolled in a phase III chemotherapy 
study were reclassified using the two-tier system from 
the FIGO grading system, indicated that the two-tier 
system was associated with significant advantages 
over the FIGO system [23]. While both systems were 
prognostic, in the FIGO system, the outcomes of 
patients with grades 2 and 3 tumors were indistin-
guishable. But more than just representing a more 
clinically meaningful grading system, the two-tier 
classification has actually facilitated our understand-
ing of both clinical and molecular aspects of this his-
tologic type. Additional evidence to support the fact 
that serous tumor of LMP and low-grade serous carci-
noma exist on a continuum, was also embedded in the 
initial report of the two-tier grading system; in fact, 
60% of the low-grade serous carcinomas also con-
tained areas of serous tumor of LMP within the same 
ovary [21].

Other investigators have also lent support to use of 
the two-tier grading system for serous carcinoma. 
Seidman et al. compared the M. D. Anderson and the 
Washington Hospital Center two-tier grading systems 
for grading of serous carcinoma and found the former 
to be more promising [24]. Vang et al., analyzing p53 
mutations and in vitro extreme drug resistance assays, 
found the subclassification of high-grade serous carci-
nomas into grade 2 and grade 3 irrelevant [25].

Fig. 9.3  Low-grade serous carcinoma demonstrating uniformity 
of nuclei and few mitoses

Fig.  9.4  High-grade serous carcinoma displaying marked 
nuclear pleomorphism and mitotic activity
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9.3.2 � Clinical Behavior and Management

The development and implementation of the binary 
grading system for serous carcinomas has actually 
facilitated the conduct of studies of the clinical behav-
ior of low-grade serous carcinoma and the molecular 
biology. In the initial review of our experience with 
low-grade serous carcinoma of the ovary, we reviewed 
the clinical behavior of 112 women with stages II–IV 
disease [26]. The major findings from this study 
included the following: a relatively young median age 
(43 years), relative chemoresistance (only 52% were 
clinically disease-free at the completion of chemother-
apy), and prolonged overall survival (median = 82 
months). In a multivariate analysis, only persistent dis-
ease after primary chemotherapy was associated with 
shorter overall survival time.

In a subsequent study, Schmeler et al. reviewed our 
experience with 25 women who underwent neoadju-
vant chemotherapy for advanced-stage low-grade 
serous ovarian carcinomas [27]. Only a single patient 
had an objective response, although 88% had stable 
disease. This report lent additional support to the con-
cept that these tumors are relatively chemoresistant. 
And in our study of women with recurrent low-grade 
serous carcinomas, of 58 evaluable patients who 
received a total of 108 separate chemotherapy regi-
mens, there were only four responses, for an overall 
response rate of 3.7% [28]. Stable disease was observed 
in 60% of the 108 patient regimens, and median over-
all survival for this cohort was 87 months. Whether the 
high rate of stable disease was attributable to tumor 
biology or influence of chemotherapy remains unclear 
and warrants further study.

Currently, the clinical management of women with 
low-grade serous carcinoma remains identical to that 
of ovarian cancer in general. For patients who develop 
low-grade serous carcinoma recurrence after an origi-
nal diagnosis of a serous tumor of LMP, there is some 
evidence to suggest that secondary cytoreductive sur-
gery may be beneficial in selected patients [20, 29]. If 
debulking surgery is performed, some type of postop-
erative systemic therapy is recommended (see below). 
For patients with stage I low-grade serous carcinoma, 
there are no robust data to guide therapy. Nevertheless, 
surgery alone seems appropriate. Of course, the diag-
nosis of stage I disease should include comprehen-
sive  surgical staging. For patients with stages II–IV 
low-grade serous carcinoma or primary peritoneal 
low-grade serous carcinoma, standard management 

includes primary surgery with an objective of maxi-
mal cytoreduction followed by systemic therapy (see 
below) [26]. However, as with high-grade ovarian 
cancers, selected patients who present with extensive 
metastatic disease may be candidates for neoadju-
vant  chemotherapy followed by interval debulking 
surgery [27].

There is no standard systemic therapy for women 
with low-grade serous carcinoma of the ovary or peri-
toneum. Of course, if a clinical trial is available, this 
would be our primary recommendation. For newly 
diagnosed patients with stage II–IV disease, primary 
peritoneal carcinoma, or a recurrent low-grade serous 
carcinoma following a diagnosis of serous tumor of 
LMP, we continue to recommend initial therapy with 
taxane/platinum chemotherapy. For persistent or recur-
rent disease, options include cytotoxic chemotherapy, 
hormonal agents, or biologic agents. For platinum-
sensitive disease, retreatment with a platinum-based 
regimen is generally recommended. Options include 
paclitaxel/carboplatin, gemcitabine/carboplatin, or pegy-
lated liposomal doxorubicin/carboplatin. For platinum-
resistant disease, conventional chemotherapy options 
include pegylated liposomal doxorubicin, topotecan, 
gemcitabine, oral etoposide, capecitabine, weekly pacli-
taxel, vinorelbine, or docetaxel. As indicated above, the 
objective response rate to any of these agents appears 
to be extremely low [28]. However, the high frequency 
of stable disease could be potentially a direct result of 
therapy.

Hormonal therapy for low-grade serous carcinoma 
has not been well studied. However, our extensive clin-
ical experience indicates that some patients may have 
objective response or prolonged stable disease to a 
variety of agents, including tamoxifen, leuprolide ace-
tate, letrozole, or Arimidex. Clearly, further study is 
warranted to better define the role of these therapies.

Biologic or targeted agents have been used, but 
there is little information available. Drugs such as bev-
acizumab, sorafenib, and sunitinib have been adminis-
tered to a few patients. Bidus et al. reported on three 
patients with low-grade serous carcinoma who had 
sustained responses to bevacizumab [30]. We have 
already entered an era of drug discovery for these rare 
tumors, with emphasis on the development of targeted 
agents. A current Gynecologic Oncology Group trial is 
testing an oral MEK inhibitor, AZD6244, in women 
with recurrent low-grade serous carcinoma of the ovary 
or peritoneum. And a series of follow-up trials is being 
planned.
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9.3.3 � Molecular Biology

Concomitant with the increase in clinicopathologic 
information about low-grade serous carcinoma has 
been the emergence of advances in our understanding 
of its molecular biology. These studies have included 
mutational analysis investigations, immunohistochem-
ical staining studies, and genomic profiling studies.

9.3.3.1 � Mutational Analyses

The MAP kinase pathway appears to play a prominent 
role in the pathogenesis of low-grade serous carci-
noma. Singer et  al. observed KRAS mutations in 
approximately 50% of serous tumors of LMP and low-
grade serous carcinomas and no KRAS mutations in 
high-grade serous carcinoma [31]. Subsequent studies 
confirmed those previous observations and further 
demonstrated that either BRAF or KRAS mutations 
occurred in 68% of low-grade serous carcinomas and 
in 61% of serous tumors of LMP but in none of the 72 
high-grade serous carcinomas [32]. Other investigators 
have also observed KRAS or BRAF mutations in low-
grade serous carcinomas, albeit at different frequencies 
[33, 34]. Our own unpublished data indicates that the 

KRAS/BRAF mutation rate in low-grade serous carci-
nomas is 21%. CHEK2, a protein kinase involved in 
cell cycle arrest, is also apparently associated with 
serous tumors of LMP and low-grade serous carcinoma 
in its missense variant but not with high-grade serous 
carcinomas [35]. On the other hand, p53 mutations 
occur with high frequency in high-grade serous carci-
nomas but are very rare in serous tumors of LMP or 
low-grade serous carcinomas [36, 37].

9.3.3.2 � Expression Profiling Studies

Genomic profiling studies have indicated that low-
grade and high-grade serous carcinomas have distinctly 
different gene expression profiles but that serous tumors 
of LMP appear to cluster with the former [38–41]. 
Jazaeri et al. compared the expression profiles of eight 
high-grade and four low-grade serous carcinomas [40]. 
They found 99 separate genes that were differentially 
expressed; 49 were more highly expressed in low-grade 
tumors, and the other 50 were more highly expressed in 
high-grade tumors. Bonome et al. used gene expression 
profiles to demonstrate that serous tumors of LMP are 
distinct from high-grade serous carcinomas but simi-
lar  to low-grade serous carcinomas (Fig.  9.5) [38]. 

Fig.  9.5  Hierarchical clustering analysis of the 16,178 probe 
sets passing the filtering criteria for LMP tumors, late-stage 
high-grade cancers, and ovarian surface epithelium (OSE). 
Clustering analysis was completed using a 1-correlation metric 

with centroid linkage. OSE specimens grouped independently 
from LMP specimens (node A), whereas late-stage high-grade 
tumors clustered in two distinct groups (node B). Misclassified 
specimens are bold italicized (from Bonome et al. [38])
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Specifically, in LMP tumors and low-grade carcino-
mas, pathways present in high-grade tumor (i.e., cell 
cycle progression, cellular proliferation, and chromo-
somal instability) were absent.

Meinhold-Heerlein et  al. used oligonucleotide 
arrays and comparative genomic hybridization to pro-
file serous tumors of LMP and serous carcinomas of 
varying grade [41]. They observed a striking similarity 
between serous tumors of LMP and low-grade serous 
carcinomas and a significant difference compared with 
high-grade serous carcinomas in a number of genes, 
including p21/WAF1, STAT-1, and STAT-3/JAK-1/2-
induced gene expression. And Gilks et al. found that 
serous tumors of LMP and serous carcinomas are dis-
tinguished at the molecular level by a relatively small 
gene set [39].

9.3.3.3 � Other Biomarkers

O’Neill et  al. investigated the immunohistochemical 
expression of a number of proteins in 22 low-grade and 
47 high-grade serous carcinomas [36]. They found a 
significantly higher expression of p53, MIB1, BCL2, 
HER-2/neu, and c-KIT in high-grade compared with 
low-grade serous carcinomas. Wong et al. performed a 
series of immunohistochemical studies in paraffin-
embedded specimens from 47 low-grade and 49 high-
grade serous carcinomas [42]. Low-grade serous 
carcinomas expressed significantly higher levels of 
estrogen receptor, progesterone receptor, and E-cadherin 
than did high-grade serous carcinomas. On the other 
hand, high-grade serous carcinomas had increased 
expression of MMP-9, BCL1, p53, and Ki-67.

9.4 � Summary

Over the past decade, molecular and clinicopathologic 
evidence increasingly suggests that serous tumors of 
LMP and low-grade serous carcinomas exist on a con-
tinuum and have a common pathogenesis. Additionally, 
the binary grading system for serous carcinoma has 
facilitated the study of serous carcinoma and led to 
advances in the molecular biology and clinical man-
agement of low-grade serous carcinomas. The estab-
lishment of the Rare Tumor Committee within the 
Gynecologic Oncology Group in 2005 allowed the 

development of separate clinical trials for women with 
low-grade serous carcinomas.
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10.1 � Ovarian Sex Cord-Stromal Tumors

10.1.1 � Overview and Epidemiology

The predicted incidence for all new cases of ovarian 
cancer in the United States is estimated to be 21,550 for 
2009, accounting for 14,600 deaths. This accounts for 
3% of cancers and 6% of all deaths in the United States 
[63]. Ninety percent of these malignancies are epithelial 
in origin, with the remaining 10% comprised of sex 
cord-stromal tumors, germ cell tumors, soft tissue 
tumors not specific to the ovary, unclassified tumors, 
and metastatic tumors [60]. Histologic classification is 
presented in Figs. 10.1 and 10.2 [60]. However, these 
data do not specify the exact numbers for stromal tumors 
of the ovary. Likewise, estimates from the SEER data-
base between 1975 and 1998 suggest that for each five-
year interval between ages 15 and 40, the incidence of 
non-germ cell ovarian malignancy increases from 8 per 
million to 79 per million women per year [12]. However, 
these data are also nonspecific for stromal ovarian 
tumors. In general, it has been estimated that malignant 
stromal tumors of the ovary account for between 3 and 
10% of all ovarian malignancies [46, 62, 70].

Granulosa cell tumors, the most common histologic 
subtype, represent 90% of stromal ovarian tumors and 
comprise between 2 and 5% of all ovarian cancers, 
with an incidence of 0.58–1.6 cases per 100,000 
women [7, 122, 132]. Granulosa cell tumors occur as 
adult and juvenile types; most adult types occur during 

the reproductive or perimenopausal years, whereas 
most juvenile types occur during childhood and ado-
lescence. Although juvenile granulosa cell tumors rep-
resent only 5% of granulosa cell tumors, they are 
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I. Common epithelial tumors 

II. Sex cord-stromal tumors 

A. Granulosa stromal cell 

B. Androblastomas; Sertoli-Leydig cell tumors 

C. Lipid cell tumors (steroid cell tumors) 

D. Gynandroblastoma 

E. Unclassified 

III. Germ cell tumors 

A. Dysgerminoma 

B. Endodermal sinus tumor 

C. Embryonal carcinoma 

D. Polyembryoma 

E. Choriocarcinoma 

F. Teratomas 

G. Mixed forms 

H. Gonadoblastoma

IV. Soft tissue tumors not specific to the ovary 

V. Unclassified tumors 

VI. Metastatic (secondary) tumors 

VII. Tumor-like conditions 

Fig. 10.1  Modified World Health Organization comprehensive 
classification of ovarian tumors. Modified from International 
Histologic Classification of Tumors, No. 9, Geneva, World 
Health Organization, 1973
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distinct from their adult counterpart in natural history 
and pathologic characteristics.

Many of these tumors occur in adolescent and 
young women and require special consideration with 
regard to fertility preservation. Although most adoles-
cents and young adults with ovarian malignancies do 
have ovarian germ cell tumors, 10–15% of childhood 
ovarian tumors are sex cord-stromal [121], with juve-
nile granulosa cell tumors most often occurring in 
childhood and Sertoli-Leydig cell tumors and unclassi-
fied sex cord-stromal tumors occurring during puberty 
[119]. One study identified 38 cases of pediatric ovar-
ian tumors, and 15% were stromal ovarian tumors, all 
of which were juvenile granulosa cell tumors [50]. 
Neonatal presentations of juvenile granulosa cell 
tumors have also been reported [11, 19, 22, 109].

Conversely, thecomas, fibromas, and fibrothecomas 
typically occur in postmenopausal women, and only 
10% of patients are under the age of 30 years [8, 39]. 
The mean age at diagnosis is 48 years. These tumors 
are largely benign, and are not usually considered as 
malignant ovarian neoplasms; however, of all stromal 
ovarian tumors, ovarian fibromas are the most com-
mon. Together, these tumors account for 1% of all 
ovarian neoplasms.

Sertoli-Leydig cell tumors may contain only Sertoli 
cells, only Leydig cells, or both. These rare tumors 
represent less than 1% of all ovarian tumors. As noted 
in Fig. 10.2, they are classified in five groups: well dif-
ferentiated, intermediately differentiated, poorly dif-
ferentiated, retiform, and mixed. Well-differentiated 
tumors include Sertoli cell tumors, Leydig cell tumors, 
and Sertoli-Leydig cell tumors. Sertoli-Leydig cell 
tumors tend to occur in young adult women with a 
mean age of 25 years. Well-differentiated tumors tend 
to occur approximately 10 years later than intermedi-
ate or poorly differentiated tumors. Conversely, the 
retiform type is usually diagnosed at a younger age 
than intermediate or poorly differentiated types [114, 
154]. Pure Sertoli tumors are seen in young women, 
and Sertoli-Leydig tumors tend to occur in women in 
their teens and twenties. Thus, fertility preservation is 
an important consideration in many of these patients, 
and this is usually appropriate as over 95% of all 
tumors are unilateral with a normal uterus [2, 44, 45].

Sex cord tumor with annular tubules (SCTAT) was first 
described in 1970 by Scully as a tumor associated with 
Peutz-Jeghers syndrome [123]. Since that time the behav-
ior of this tumor has become better characterized, and it is 
now known that approximately 15% of these tumors are 

Classification of Stromal Tumors of the Ovary

1. Granulosa stromal cell tumors

a. Granulosa cell tumors

i. Juvenile

ii. Adult

b. Thecomas / fibromas

i. Thecoma

1. Typical

2. Luteinized

ii. Fibroma

c. Cellular fibroma

d. Fibrosarcoma

e. Stromal tumor with minor sex cord elements

f. Sclerosing stromal tumor

g. Stromal luteoma

h. Unclassified (fibrothecoma)

2. Sertoli-stromal cell tumors; androblastomas

a. Well differentiated

i. Sertoli cell tumor; tubular androblastoma

ii. Sertoli-Leydig cell tumor

iii. Leydig cell tumor

b. Intermediate differentiation

i.  Variant – with heterologous elements

i.  Variant – with heterologous elements

c.  Poorly differentiated (sarcomatoid)

d.  Retiform 

e.  Mixed

3.        Sex cord tumor with annular tubules (SCTAT)

4.        Gynandroblastoma

5.        Steroid (lipid) cell tumor

a.  Stromal luteoma

b.  Leydig cell tumor

Unclassified 

Fig. 10.2  Classification of stromal tumors of the ovary. Modified 
from International Histologic Classification of Tumors, No. 9, 
Geneva, World Health Organization, 1973
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associated with adenoma malignum of the cervix [129]. 
These tumors are uncommon in adolescents, but have 
been reported to present with isosexual precocity [94].

Gynandroblastomas are a separate, rare type of 
stromal tumor, accounting for less than 1% of all ovar-
ian stromal tumors. These tumors usually occur during 
the third to fifth decades of life [3, 36, 37].

Steroid (lipid) cell tumors consist of stromal luteo-
mas, Leydig cell tumors, and steroid cell tumors not 
otherwise specified (NOS). Combined, these three 
neoplasms represent less than 0.1% of all ovarian 
tumors. Stromal luteomas represent approximately 
one-fourth of steroid cell tumors, and may occur dur-
ing pregnancy but are most common during the post-
menopausal years. These are benign lesions. Leydig 
cell tumors represent 15–20% of all steroid cell 
tumors of the ovary and usually occur in postmeno-
pausal women. Steroid cell tumors NOS are a distinct 
category of steroid cell tumor; these are the most 
common type of steroid cell tumor and can be malig-
nant and aggressive, differing from the other types of 
steroid cell tumors. These neoplasms usually present 
at an earlier age, with a mean age of 43 years [55].

Sclerosing stromal tumor of the ovary is an 
extremely rare benign ovarian neoplasm which occurs 
primarily in women under 30 years of age and is usu-
ally unilateral [24].

Stromal tumors of the ovary represent a small por-
tion of ovarian cancers, and an even smaller portion of 
the overall world cancer burden. However, stromal 
tumors have a distinct histologic origin, clinical pat-
tern, and treatment paradigm compared with other 
ovarian cancer histologies and, as such, are treated 
with different guidelines. For women with these neo-
plasms, many of whom are in their reproductive years, 
successful treatment is critical. This chapter presents 
the current science to inform the optimal management 
of these patients, emphasizing recent progress in the 
field of stromal tumors.

10.1.2 � Pathology, Molecular 
Characteristics, and 
Associated Biomarkers

10.1.2.1 � Pathology

Specialized gonadal stromal cells and their precursors 
can give rise to sex cord-stromal tumors of the ovary, 

which arise as masses in the pelvis, originating within 
one or both ovaries. These tumors can occur as an iso-
lated histologic subtype or in combination. The clas-
sification is presented in Fig.  10.1 [60]. Specifically, 
granulosa cells and Sertoli cells arise from sex cord 
cells, while theca cells, Leydig cells, lipid cells, and 
fibroblasts arise from stromal cells and their pluripo-
tent mesenchymal precursors.

Granulosa cell tumors occur in two distinct histo-
logic varieties, adult and juvenile. The patient profile, 
histologic appearance, natural history, and recom-
mended treatment differ between these subtypes. Adult 
granulosa cell tumors represent 95% of granulosa cell 
tumors. The gross appearance of both subtypes is simi-
lar, most commonly presenting with a tumor with cystic 
and solid components. Uniformly solid tumors, uni-
formly cystic tumors, and hemorrhagic cysts can also 
occur. On microscopic examination, two characteristics 
distinguish juvenile from adult granulosa cell tumors: 
the nuclei of juvenile granulosa cell tumors are rounded 
and hyperchromatic with moderate to abundant eosino-
philic or vacuolated cytoplasm, and the theca cell com-
ponent is luteinized [16] (Figs. 10.3 and 10.4).

Thecomas and fibromas are a category of ovarian 
stromal tumor representing a spectrum of neoplasms 
with significant overlap, each of which has clinically 
benign behavior and is derived from ovarian stromal 

Fig.  10.3  Adult granulosa cell tumor: hematoxylin and eosin, 
× 100. Call-Exner bodies are seen amid insulae of uniformly 
staining cell
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cells. These tumors share many similar clinical charac-
teristics and often cannot be assigned to either the dis-
tinct thecoma or fibroma category based on the clinical 
or microscopic examination [16]. Histologically, theco-
mas are composed of lipid-laden stromal cells which 
may or may not demonstrate luteinization. Their clinical 
behavior is usually benign and the prognosis is excellent. 
Occasionally, tumors may exhibit nuclear atypia and 
mitoses; these may represent low-grade stromal sarco-
mas or fibrosarcomas and may have a malignant course 
[145]. Fibromas are usually solid and white, although 
degenerative cystic cavities are not uncommon. The 
average size is 6 cm but size increases with the age at 
diagnosis [33]. Approximately 10% of fibromas will 
show light microscopic evidence of hypercellularity, as 
well as pleomorphism and mitoses. Tumors of low 
malignant potential (cellular fibromas) are designated as 
those with an increased cellular density, mild nuclear 
atypia, and less than three mitotic figures per high power 
field. Fully malignant fibrosarcomas have greater cellu-
lar density, marked pleomorphism and more than ten 
mitoses per high power field. In contrast to the benign 
fibroma, fibrosarcomas are highly aggressive tumors, 
which are usually large, unilateral, and highly vascular 
with rupture, adhesions, hemorrhage, and necrosis often 
seen at the time of surgery [107].

Sertoli-stromal cell tumors, also known as andro-
blastomas, represent a group of tumors which differen-
tiate toward testicular structures. These tumors were 
originally described as arrhenoblastomas in 1931 by 
Meyer [85], but were renamed Sertoli-Leydig cell 
tumors in 1958 by Morris and Scully [89]. Gross 
examination shows Sertoli-Leydig cell tumors to be 
solid or mixed cystic and solid (Fig. 10.5), with no fea-
tures pathognomonic for Sertoli-Leydig cell tumors on 
visual inspection. The size is variable, ranging from 
microscopic to 25  cm [97, 114]. Well-differentiated 
tumors tend to be smaller, and poorly differentiated 
tumors tend to be larger [154]. Microscopic examina-
tion shows that well-differentiated tumors, which 
account for 11% of cases, have a predominantly tubu-
lar pattern. The Sertoli cells are cuboidal or columnar 
with round nuclei, but with no prominent nucleoli. 
Atypical nuclei are absent or rare and few mitotic fig-
ures are seen. The stroma consists of a nest of Leydig 
cells. The most common variants are intermediate dif-
ferentiation (54%) and poor differentiation (13%). 
These subgroups are characterized by a continuum of 
different patterns and combinations of cell types, with 
both Sertoli and Leydig components exhibiting vari-
ous degrees of maturity. A retiform component is pres-
ent in 15% of tumors, demonstrating tubules and cysts 
arranged in a pattern that resembles the rete testis 
(Fig. 10.6). Twenty-two percent of cases contain heter-
ologous elements, such as carcinoid.

SCTAT are characterized by either simple or com-
plex ring-shaped tubules. It is controversial whether 
these tumors are more closely related to granulosa cell 
tumors or Sertoli-Leydig cell tumors, as the cellular 

Fig.  10.4  Juvenile granulosa cell tumor immunostained for 
inhibin A, ×100. Uniform cells are seen amid an edematous, 
loose stroma. Cytoplasmic staining for inhibin A is present in 
the majority of cells

Fig.  10.5  Sertoli-Leydig cell tumor: gross photograph of 
appearance at time of surgery. Recurrent tumor filled the abdo-
men and pelvis, investing small bowel, diaphragm, and liver. 
Tumor appears as dark maroon, hemorrhagic, fleshy, and solid
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elements appear to be somewhat intermediate in nature, 
but they do seem to represent a distinct entity [16].

Gynandroblastomas are comprised of granulosa cell 
elements, tubules, and Leydig cells. The specific cell of 
origin remains debated, but it may arise from undiffer-
entiated mesenchyme [3]. Most of these tumors are 
solid and large, measuring between 7 and 10 cm in size, 
with yellow-white cystic areas present. Microscopically, 
these combine elements of both “male and female 
directed cells” [91]. These tumors must show unequiv-
ocal granulosa/theca cell elements, must be well differ-
entiated, and must demonstrate intimate mixing of all 
the constituent cell types.

Steroid cell tumors, one of the more rare subtypes of 
stromal ovarian tumor, were historically designated as 
lipid cell tumors. However, it was determined that a sub-
stantial percentage of these tumors had no fatty compo-
nent, so the name was changed to steroid cell tumors 
[152]. As noted, steroid cell tumors consist of stromal 
luteomas, Leydig cell tumors, and steroid cell tumors 
NOS. Stromal luteomas are often small; half measure 
under 5 cm [54]. Microscopically, they consist of large, 
rounded, or polyhedral cells resembling Leydig cells, 
luteinized ovarian stromal cells, and adrenocortical 
cells. Leydig cell tumors are subdivided into tumors of 
hilar and non-hilar type, and both are benign. Inspection 
reveals small, unilateral tumors with a median size less 
than 3  cm [34, 100, 113]. Histologically, they consist 
solely of Leydig cells, and crystals of Reinke are seen. 
Steroid cell tumors NOS are larger than the other steroid 
cell tumors and have an average size of 8.5 cm. They are 
not infrequently bilateral [55]. Histologically, these lipid 
cell tumors lack the specific characteristics of stromal 

luteomas or Leydig cell tumors. Negative prognostic 
factors included age, size, increased mitosis, pleomor-
phism, and presence of necrosis [54]. The strongest 
prognostic factor other than stage is the number of 
mitotic figures, since over 90% of tumors with over 2 
mitoses per 10 high power fields are malignant.

10.1.2.2 � Molecular Characteristics

Molecular and pathologic markers have recently been 
evaluated as prognostic indicators for adult granulosa 
cell tumors. A high mitotic count appears to confer a 
worse prognosis, but the impact of atypia is less clear 
[69, 80, 86]. Aneuploidy and Ki-67 expression, mark-
ers of cellular proliferation, appear to confer a worse 
prognosis, but these results are somewhat controver-
sial [29, 40, 69, 115]. Other molecular markers associ-
ated with poor prognosis in other tumors do not appear 
to play a role in granulosa cell tumors. These include 
p53, c-myc, p21-ras, c-erbB2, and PTEN [5, 40, 69, 
78]. The presence of the gsp oncogene may play a role 
in the development of granulosa cell tumor [141]. Of 
note, the mitotic index and Ki-67 expression have been 
shown to be similar between the primary tumor and 
corresponding metastases in patients with adult granu-
losa cell tumor [134].

Vascular endothelial growth factor is overexpressed 
in a majority of stromal ovarian tumors, which may 
account for the vascularity, angiogenesis, and response 
to antiangiogenic agents [118, 136] (Fig. 10.7).

Fig. 10.6  Sertoli-Leydig cell tumor demonstrates both Sertoli 
and Leydig cells in trabeculae. Hematoxylin and eosin, ×100

Fig. 10.7  Adult granulosa cell tumor after immunostaining for 
vascular endothelial growth factor (VEGF) showing overexpres-
sion with cytoplasmic staining. Hematoxylin and eosin, ×100
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Chromosomal abnormalities have also been recently 
evaluated in granulosa cell tumors. Detected abnormali-
ties include trisomy 12, monosomy 22, and deletion of 
chromosome 6, but these studies await confirmation 
[32, 42, 76, 77, 103, 137]. Monosomy 22, often in con-
junction with trisomy 14, has been detected in these 
tumors, as have deletions in 22q [76] and frequent mic-
rosatellite instability [32]. A single recurrent somatic 
mutation (402 C–G) in the FOXL2 gene has been identi-
fied as occurring in adult granulosa cell tumors [126]. 
Validation and confirmation as a driver mutation has yet 
to be published.

Among juvenile granulosa cell tumors, cytogenetic 
studies have identified trisomy 12 [112] and a deletion 
in chromosome 6q [153]. Additionally, a high mitotic 
index may be a negative prognostic factor [18].

Abnormalities in chromosome 12 have been described 
for thecomas, but these have not been specifically related 
to prognosis [61]. Trisomy 8 may be identified and may 
prove useful in differentiating fibrosarcoma from the 
benign fibroma [139].

10.1.2.3 � Associated Biomarkers

Preoperative laboratory tests which may be helpful 
include inhibin A, inhibin B, and, less often, CA-125, in 
addition to routine preoperative laboratory testing. These 
levels may act as tumor markers, facilitating preopera-
tive diagnosis but more importantly, serving as a base-
line by which to judge efficacy of therapy [25, 26, 111].

Inhibin and calretinin may be helpful immunohis-
tochemical stains to aid in the pathologic diagnosis of 
sex cord-stromal ovarian tumors [82, 101, 104, 110]. In 
a panel of 29 stromal ovarian tumors, all were positive 
for inhibin A, 59% were positive for inhibin B, and all 
but one were positive for CD99 [26]. Inhibin B may be 
particularly helpful in identifying recurrent disease 
[87]. SF-1 is a diagnostically useful immunohistochem-
ical marker that aids in the differential diagnosis of 
Sertoli cell tumors [156]. Immunostaining can some-
times be used to differentiate among the various stromal 
ovarian tumors; androgen receptor and vimentin are 
preferentially expressed in granulosa cell components, 
whereas CD10 and low molecular weight cytokeratin 
are seen more in Sertoli components [142]. This may 
suggest derivation from granulosa versus Sertoli cell 
lines in the genesis of the tumor, and therefore these 
markers may overlap in mixed stromal tumors.

Patients with adult granulosa cell tumors should be 
followed with serum inhibin A and CA-125 levels [10, 
13, 64, 74]. Patients with Sertoli-Leydig cell tumors can 
be followed with serum alpha-fetoprotein, inhibin, and 
testosterone levels. Mullerian inhibiting substance and 
inhibin are useful tumor markers in patients with sex 
cord tumors with annular tubules (SCTAT). Estradiol 
may be elevated at the time of diagnosis [94]. Gynand
roblastoma often produces androgens. Therefore, pre-
operative testing usually reveals elevated levels of 
testosterone [3, 23, 95] or urinary 17-ketosteroids [91], 
and may also reveal elevated levels of androstenedione, 
dehydroepiandrosterone, and dihydrotestosterone, and 
estradiol [72, 79, 128]. Serum estrogens or androgens 
can be followed as tumor markers.

10.1.3 � Diagnosis

Definitive diagnosis of a stromal tumor of the ovary is 
based upon histologic evaluation of the removed tumor 
specimen. However, the history and physical examina-
tion, appropriate imaging, and directed laboratory test-
ing may suggest the diagnosis prior to tumor removal 
at the time of surgery.

The history may suggest a stromal tumor of the 
ovary based on the age of the patient in her adolescent 
or young adult years. The physical examination usually 
suggests a pelvic mass, with associated signs and symp-
toms typical for patients with a pelvic mass, including 
bloating, pelvic pressure or pain, increase in abdominal 
girth, and gastrointestinal or urinary symptoms. In some 
patients, particularly those with granulosa cell tumors, 
evidence of hemoperitoneum can be present, with 
abdominal pain and tenderness, peritoneal signs, a fluid 
wave, and even hemodynamic instability.

As noted, since stromal tumors of the ovary arise 
from steroid-producing cells, these tumors are often 
hormonally active, producing estrogen, progesterone, 
and androgens. Therefore, physical manifestations of 
excess estrogens or androgen production can be the pre-
senting symptoms or signs of a stromal tumor [149]. 
These cells are involved in the production of steroid hor-
mones, and therefore physical manifestations of excess 
estrogen or androgen production are not infrequent at 
the time of diagnosis, leading to hirsutism or virilism, or 
if adolescents, they may describe isosexual precocious 
puberty [149]. For patients during the reproductive 
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years, presenting signs and symptoms related to hor-
monal changes include menorrhagia, irregular menstrual 
bleeding, and amenorrhea. Postmenopausal patients 
may note vaginal bleeding, breast enlargement or ten-
derness, and vaginal cornification [48].

Patients with adult granulosa cell tumors can fre-
quently present with abnormal vaginal bleeding, abdom-
inal distention and/or pain, and occasionally signs of 
virilism [39, 48, 90, 96], and usually present with a uni-
lateral pelvic mass. When adult granulosa cell tumors 
are diagnosed during pregnancy, hormonal manifesta-
tions are less common, and the tumors are large and 
often complicated by rupture [135, 151]. One report 
exists of adult granulosa cell tumors of the ovary in two 
first-degree relatives, but this is an isolated instance and 
may not speak to a hereditary component [133].

Patients with a juvenile granulosa cell tumor typi-
cally present with a palpable mass on pelvic or rectal 
examination, and over 95% are unilateral [73, 150]. Of 
note, an association has been described between juve-
nile granulosa cell tumors and Ollier disease (enchon-
dromatosis) and Maffucci syndrome (enchondromatosis 
and hemangiomatosis). An increased risk for the devel-
opment of breast cancer has also been reported [120].

Thecomas are often hormonally active and may 
cause abnormal vaginal bleeding, which is the most 
common presenting symptom. Additionally, 37–50% 
of patients with thecomas have endometrial hyperpla-
sia and up to 27% have an associated endometrial car-
cinoma [8, 39, 131]. Therefore, just as in granulosa 
cell tumors, patients presenting with abnormal bleed-
ing should always have the endometrium sampled. 
Thecomas may also be luteinized, which may cause 
androgen production and virilization [155].

In contrast, fibromas are usually benign, unilateral, 
and hormonally inactive tumors, and therefore patients 
may present with pelvic heaviness or pain and a mass. 
The presence of ascites is not uncommon, and it tends 
to occur with increasing tumor size; for example, 
ascites is present in 30% of patients with tumors greater 
than 6  cm. One percent of patients will develop a 
hydrothorax, called Meigs syndrome [83].

Sertoli-Leydig cell tumors cause virilization in 
approximately 50% of patients. The differential diagno-
sis includes adrenal and gonadal hyperplasia and a neo-
plasm. The presence of a unilateral adnexal mass, 
however, palpated on examination or visualized on imag-
ing, suggests an ovarian neoplasm as the source of the 
virilization. The size of the tumor, however, does not 

predict the ability to cause virilization, however; so a 
very small neoplasm can be responsible for a significant 
testosterone elevation and cause virilization [114]. The 
evaluation of a patient with virilization, or androgen 
excess, includes a transvaginal pelvic ultrasound to visu-
alize the ovaries. Also, serum dehydroepiandrostene-
dione sulfate (DHEAS) and testosterone levels should be 
measured. An elevated DHEAS suggests that the adrenal 
gland is the source of the androgen excess. Conversely, 
an elevated testosterone suggests an ovarian source. A 
CT may visualize an adrenal mass responsible for secre-
tion of DHEAS. Additional studies helpful in the workup 
of virilization include 17-OH progesterone, elevated in 
congenital adrenal hyperplasia), and cortisol (elevated in 
Cushing’s disease). Prior to surgical intervention, the 
offending mass should be detected by imaging or physi-
cal examination. It has been suggested that ovarian vein 
catheter studies can be helpful in detecting the source if 
the imaging and examination are unrevealing.

Patients with SCTAT usually present with abnormal 
vaginal bleeding. Abdominal pain and intussusception 
have been reported but are less common.

Gynandroblastomas present with symptoms and 
signs related to estrogen and androgen overproduction. 
Androgen excess is present in 60% of patients with 
gynandroblastoma. Therefore, virilization is visible, 
but estrogenic stimulation of specific end organs still 
occurs, so endometrial hyperplasia is commonly noted 
[95]. Also, most gynandroblastomas are appreciated 
on the pelvic examination because of their size.

Patients with steroid cell tumors demonstrate andro-
genic changes in approximately half of cases [105].

During the diagnostic and/or preoperative evalua-
tion, abnormal uterine bleeding should prompt consid-
eration for an endometrial biopsy. Of course, in women 
of reproductive age, pregnancy must first be excluded. 
Since endometrial hyperplasia can be a secondary 
effect of excess estrogen production by the ovarian 
stromal tumor, the endometrium must be evaluated. If 
this is not done in the office preoperatively, it must be 
done in the operating room upon the diagnosis of the 
ovarian stromal tumor [140].

10.1.4 � Imaging

Imaging tests which may prove useful in the diagnosis 
of the adnexal mass include transvaginal ultrasound, 

ak
us

he
r-li

b.r
u



120 J. Brown and D.M. Gershenson

computerized tomography, and magnetic resonance 
imaging. Of these, the ultrasound is often the best for 
distinguishing the details of pelvic anatomy. The find-
ings may also identify hemoperitoneum or ascites. If 
hemoperitoneum is present, surgery should proceed 
immediately through a laparotomy, as is discussed later.

Adult granulosa cell tumors have varying appear-
ances on imaging, since they have variable amounts of 
solid, cystic, hemorrhagic, and necrotic components. 
They may appear as solid masses, multilocular cystic 
lesions, or completely cystic tumors [65]. Ultrasound 
often shows increased vascularity by color flow 
Doppler due to the tumor characteristics [143].

Sertoli-Leydig cell tumors appear as well-defined 
solid enhancing masses with cysts within the tumor on 
CT, and appear hypointense with multiple variable-
sized cystic areas on MRI. The amount of fibrous stroma 
determines the low signal intensity on T2-weighted 
imaging MRI [65].

Radiographically, 79% of thecomas are solid on CT 
and show delayed accumulation of contrast material 
[4]. Some have suggested that the diagnosis can be 
suggested by poor penetration of the mass with acous-
tic shadowing on ultrasound [148]. Fibromas appear as 
hypointense on T1-weighted MRI with very low signal 
intensity on T2-weighted imaging, often with dense 
calcifications [65].

The specific radiological diagnosis, however, for 
any stromal ovarian tumor is nonspecific. The utility of 
this testing in diagnosis and treatment planning cannot 
be overstated.

10.1.5 � Surgical Therapy and Staging

The appropriate treatment of stromal ovarian tumors is 
determined by many factors, including patient age, 
parity, desire for future fertility, extent of disease, and 
comorbid conditions. The goals of surgical therapy 
should be to treat the patient by removing the mass, 
staging appropriately to avoid reoperation, tumor 
reduction when disseminated disease is present, and 
preservation of fertility when possible in reproductive 
aged patients who desire this.

Often, the surgeon does not know the precise histo-
logic classification of the adnexal mass during surgery, 
even with the pathologic evaluation of frozen tissue 
sections. General guidelines must then be applied for 

nonepithelial ovarian tumors during the initial opera-
tive management, and the need for adjuvant or addi-
tional therapy may be reevaluated based on the final 
pathology results. With close attention to all details, 
including histologic type, patient characteristics, and 
extent of disease, the need for reexploration and more 
extensive surgery can be minimized. Alternatively, the 
frozen section diagnosis may be rendered in the intra-
operative setting, in which case guidelines for specific 
stromal ovarian tumors can be followed.

10.1.5.1 � General Treatment Guidelines: 
Surgical Therapy

When a pelvic mass is first diagnosed, the specific histo-
logic diagnosis is unknown. However, using patient 
characteristics including age, physical examination, and 
imaging characteristics, a stromal tumor of the ovary 
may be suspected. A frank discussion should always be 
held preoperatively with any woman of childbearing 
age who has an adnexal mass regarding her wishes for 
future fertility and her desires for maintaining ovarian 
and/or uterine function in light of potential operative 
findings. Although this is often a difficult conversation 
for the physician to initiate, it is better discussed preop-
eratively with the patient than intraoperatively with the 
next of kin when a malignancy is encountered [45].

Minimally invasive surgery (laparoscopy with or 
without robotic assistance) is appropriate in the occa-
sional patient with a small solid adnexal mass or com-
plex ovarian cyst [21, 84]. However, any patient with a 
large, solid adnexal mass or evidence of hemodynamic 
instability should undergo laparotomy through a verti-
cal skin incision to allow for appropriate surgical stag-
ing or tumor-reductive surgery, if necessary [122].

Upon initial intraoperative inspection, gross charac-
teristics can suggest the diagnosis. A large, unilateral, 
solid adnexal mass, often yellow and multilobulated in 
appearance, or hemorrhagic with hemoperitoneum 
evident, can suggest a granulosa cell tumor or other 
sex cord-stromal tumor. Upon entering the peritoneal 
cavity, the surgeon should obtain pelvic washings and 
evacuate the hemoperitoneum, if present. The site of 
hemorrhage is most commonly the mass itself, and 
therefore surgical removal may stop the bleeding. A 
unilateral mass in a patient of any age should be 
removed by unilateral salpingo-oophorectomy and 
sent for immediate histologic evaluation [45, 122]. 
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Cystectomy is not appropriate in this case. The mass 
should not be ruptured or morcellated, as this results 
in  the disease being classified as a more advanced 
stage and may adversely affect survival [9, 116]. Intraop
erative rupture of granulosa cell tumors during laparo-
scopic management can result in subsequent peritoneal 
seeding and convert an early-stage malignancy to one 
with disseminated disease [116]. Therefore, the tumor 
should not be morcellated to effect laparoscopic 
removal. In cases in which laparoscopy is used ini-
tially, a bag with an extended incision should be uti-
lized or the procedure should be converted to a 
laparotomy to avoid morcellating the tumor mass. If a 
cystectomy is initially performed and the frozen sec-
tion returns as a stromal ovarian tumor, the remainder 
of the adnexa should immediately be removed – cys-
tectomy is not appropriate therapy [45, 122]. No sup-
port exists in the literature for ovarian cystectomy in 
premenopausal patients with sex cord-stromal tumors. 
Articles that summarize “conservative management” 
of these tumors invariably describe unilateral salpingo-
oophorectomy with conservation of the uterus and 
normal-appearing contralateral ovary in the setting 
of  limited disease. Therefore, unilateral salpingo-
oophorectomy is the initial step in the treatment of 
patients with disease apparently confined to one ovary 
[45, 122].

Once the diagnosis of a sex cord-stromal tumor is 
made, the entire abdominopelvic cavity should be 
explored, with attention paid to all peritoneal surfaces 
and abdominopelvic organs. A complete staging pro-
cedure should be performed, including cytologic eval-
uation of each hemidiaphragm, infracolic omentectomy, 
and peritoneal biopsies from each paracolic gutter, 
the  vesicouterine fold, and the pouch of Douglas. 
Additionally, biopsies of any suspicious areas should 
be performed. The bowel should be inspected from the 
ileocecal valve to the ligament of Treitz, with specific 
evaluation for tumor implants and sites of obstruction. 
Tumor-reductive surgery should be performed in 
patients with advanced disease to reduce the tumor 
burden as much as possible, preferably leaving the 
patient with no macroscopic disease [45, 122].

Historically, pelvic and paraaortic lymphadenec-
tomy were performed as a component of surgical stag-
ing. However, lymph node metastasis in stromal 
ovarian tumors is extremely rare [1, 17]. In one report 
examining 58 patients with sex cord-stromal ovarian 
tumors who had lymph nodes sampled during primary 

surgery, none had positive nodes [17]. These findings 
suggest that lymphadenectomy may be omitted when 
staging patients with ovarian SCSTs.

Patients who have completed childbearing should 
undergo total abdominal hysterectomy and bilateral 
salpingo-oophorectomy regardless of the stage of dis-
ease. However, preservation of fertility is an essential 
consideration in young patients [45]. In the unusual 
circumstance that the contralateral ovary and/or uter-
ine serosa are grossly involved by tumor, the surgeon 
may have no choice but to remove the uterus and both 
adnexae. If the contralateral ovary and uterine serosa 
appear normal, conservative management with preser-
vation of the uterus and contralateral adnexa is safe 
and appropriate, as 95% of sex cord-stromal tumors 
are unilateral [44, 45, 48, 122]. Staging should still be 
performed. Fertility-sparing surgery does not obviate 
the need for staging, and refers to the safe preservation 
of a normal-appearing contralateral ovary and uterus 
in the setting of apparent limited disease.

The treatment of patients who have had inadequate 
staging is a difficult issue. Limited information exists 
as to the best course of action for these patients. If the 
patient has documented large amounts of residual dis-
ease after a limited initial attempt at tumor reduction, 
repeat exploration with staging and tumor-reductive 
surgery would be reasonable. If the patient has had an 
inadequate exploration, such as through a small 
Pfannenstiel incision or through a limited laparoscopy, 
more information needs to be collected prior to mak-
ing a decision about postsurgical treatment. We have 
recommended several options, including repeat lap-
aroscopic or open exploration with full surgical stag-
ing or, in some circumstances, a physical examination, 
computed tomography (CT), and measurement of 
serum inhibin and serum CA-125 levels. If the results 
of all of these are negative, the decision may be made 
to observe the patient clinically, with or without hor-
monal suppression therapy using leuprolide acetate 
[9]. Lack of lymphadenectomy during staging, how-
ever, should not warrant reoperation, as the risk of 
nodal involvement approaches zero [17].

With regard to specific tumor types, some limited 
information and guidelines are available. Adult granu-
losa cell tumors may present with abnormal uterine 
bleeding. In this case, a preoperative endometrial biopsy 
or intraoperative endometrial curettage should be per-
formed, as the excess estrogen produced by many gran-
ulosa cell tumors can lead to endometrial hyperplasia or 
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malignancy. Up to 55% of patients have associated 
endometrial hyperplasia or polyps, independent of age; 
4–20% of patients have a synchronous endometrial can-
cer, a risk identified in patients over 45 years of age [51, 
140]. If a uterine malignancy is encountered, the uterus 
should be removed regardless of patient age.

Juvenile granulosa cell tumors are quite distinct 
from their adult counterpart, and most are diagnosed as 
stage IA tumors [73, 150]. Since platinum-based che-
motherapy is recommended for any patient with dis-
ease over stage IA, it is essential to stage each patient, 
in order not to miss any occult disease which would 
mandate treatment.

Conversely, thecomas, fibromas, and fibrothecomas 
are uniformly benign, so surgical resection alone with-
out staging or adjuvant treatment is the appropriate 
therapy. Given the age distribution for patients with this 
tumor, preservation of fertility is not usually an issue. 
Conservative management may include only removal 
of the ovary or ovaries, but then the endometrium should 
be sampled with a dilation and curettage to exclude 
associated endometrial hyperplasia or carcinoma. If 
these are identified, or if she is postmenopausal, a total 
hysterectomy and bilateral salpingo-oophorectomy is 
appropriate [48].

The management of patients with Sertoli-Leydig 
cell tumors follows the above guidelines, and fertility 
preservation is important for many of these patients. In 
patients of reproductive age, a unilateral salpingo-
oophorectomy and staging is usually appropriate, as 
95% of lesions are unilateral [44, 45]. However, in 
patients who have completed their childbearing, a total 
hysterectomy and bilateral salpingo-oophorectomy 
with staging procedure is the procedure of choice [48].

Clinically, there appear to be two subgroups of 
ovarian SCTATs. The first subgroup is associated with 
Peutz-Jeghers syndrome and is typically multifocal, 
bilateral, and almost always benign. These tumors are 
small and rarely palpable on examination. Patients 
with this tumor should be carefully screened for ade-
noma malignum of the cervix, as 15% of patients have 
an occult lesion [129]. Therefore, hysterectomy should 
be strongly considered in these patients. The second 
subgroup of ovarian SCTATs is unrelated to Peutz-
Jeghers syndrome, and presents with larger tumors 
which have a significant potential for malignant behav-
ior. The basis of treatment remains surgical resection. 
These tumors tend to remain lateralized and have a 
tendency toward lymphatic spread.

Patients with gynandroblastomas should also be 
staged and subjected to aggressive cytoreduction. In 
young women in whom reproductive function is impor-
tant, a unilateral salpingo-oophorectomy and staging 
procedure are advocated. In postreproductive patients, 
hysterectomy and bilateral salpingo-oophorectomy are 
indicated, and in patients with advanced disease, 
cytoreductive surgery is appropriate.

Stromal luteomas and Leydig cell tumors are benign 
steroid cell tumors that do not require staging or postop-
erative therapy. Childbearing potential should be main-
tained in the occasional young patient with this diagnosis 
[13]. Conversely, steroid cell tumors NOS can be malig-
nant and aggressive, and therefore, when a steroid cell 
tumor is diagnosed intraoperatively, it should be staged 
and aggressively cytoreduced. In the largest series, 43% 
of patients demonstrated extraovarian disease either at 
diagnosis or during surveillance. Stage IA tumors in 
women of reproductive age should be staged, and a con-
servative therapy is appropriate. Patients not wishing 
future fertility require hysterectomy and bilateral sal-
pingo-oophorectomy with staging, and patients with 
advanced disease require cytoreductive surgery [55].

10.1.6 � Adjuvant Therapy

Since stromal tumors of the ovary are relatively rare, 
controlled clinical trials designed to determine which 
treatment regimens are best for certain histologic sub-
types are not feasible. Most published studies combine 
most or all subtypes of stromal ovarian tumors, and 
therefore treatment recommendations are based on lim-
ited data. Most data have been gathered from patients 
with adult granulosa cell tumors, but occasionally other 
tumor types are encountered, and treatment is general-
ized to these types as well [13, 39, 45].

Adjuvant therapy is not indicated for patients with 
surgically staged stage I disease [56]. Patients with 
stage IC disease may benefit from some adjuvant ther-
apy, either using platinum-based chemotherapy or hor-
monal therapy with leuprolide acetate [39].

Patients with more advanced disease are typically 
treated with combination chemotherapy. The data 
regarding platinum-based therapy originated in the 
1970s and 1980s. Several investigators published anec-
dotal reports of several complete and partial responses 
to platinum-containing regimens, including VAC, 
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doxorubicin/cisplatin, CAP, and altretamine/cisplatin 
[20, 46, 62, 66, 92, 124, 127]. Colombo and colleagues 
subsequently investigated the combination of bleomy-
cin, vinblastine, and cisplatin in patients with newly 
diagnosed advanced disease, and found that 9 of 11 
patients responded but with severe toxicity [28]. Later 
trials used etoposide in place of vinblastine, and in 
1996 Gershenson and colleagues reported an 83% 
response rate in nine patients with advanced stromal 
tumors of the ovary [47]. In 1999, Homesley and col-
leagues reported GOG 115, with 57 evaluable patients 
with stage II–IV disease. Sixty-one percent of patients 
experienced grade four myelotoxicity, and 37% of 
patients had a negative second-look surgery. Thus, 
69% of patients with advanced stage primary and 51% 
of patients with recurrent disease remained progres-
sion-free. The progression-free interval was 24 months. 
As a result, many patients have been treated with three 
to four courses of bleomycin, etoposide, and cisplatin 
(BEP), and this has become a commonly utilized treat-
ment for patients with stromal ovarian tumors [59]. 
The details of the protocol are listed in Fig.  10.8. 
Most recently, paclitaxel and carboplatin combination 

therapy has been reported to be effective in stromal 
tumors with fewer toxic effects compared with BEP 
[14, 15]. Of 22 newly diagnosed patients, 11 treated 
with BEP and 11 treated with a taxane/platinum regi-
men, nine patients in each group were without evi-
dence of disease at the completion of chemotherapy. 
No differences were detected in response rate, progres-
sion-free survival, or overall survival [15]. Confirmation 
of equivalent outcomes between these two regimens 
awaits performance of a larger prospective randomized 
trial, which is expected to open through the Gynecologic 
Oncology Group in the near future.

Also, a recent study has suggested that postopera-
tive cisplatin-based chemotherapy may improve sur-
vival specifically for the juvenile granulosa cell tumor 
type [18]. Alternatively, methotrexate, dactinomycin, 
and cyclophosphamide have been suggested to have 
benefit in patients with juvenile granulosa cell tumors, 
but these studies are small [144].

Over 90% of patients with Sertoli-Leydig cell tumors 
have stage IA disease. This is largely dependent on 
grade; in one series, every patient with a well-differen-
tiated tumor was uniformly stage IA, but only 52% of 

Thirty minutes prior to cisplatin each day, prehydrate with 1 liter normal saline with

20 mEq KCl and 16 mEq magnesium sulfate at 250 ml/hr for 4 hours, and give

Ondansetron 8 mg in 50 ml NS IVPB, and

Dexamethasone 20 mg in 50 ml NS IVPB, and

Diphenhydramine 50 mg in 50 ml NS.

Cisplatin 20 mg/m2/day in 1 L NS with 50 g mannitol IVPB over 4 hours on days 1-5

Follow cisplatin with 500 ml NS with 10 mEq KCl and 8 mEq magnesium sulfate

at 250 ml/hr 

Etoposide 100mg/m2/day in 1 liter D5NS IVPB over 2 hours on days 1-5

Bleomycin 20 units/m2/day in 250 ml NS IVPB over 24 hours on day 1

Follow with:

Ondansetron 8 mg in 50 ml NS IVPB q8h, and

Albuterol nebulizers 2.5 mg q6h for 24 hours, and

Prochlorperazine 10 mg in 50 ml NS IVPB q6h prn nausea.

Regimen repeated every three weeks.

Protocol for BEP (Bleomycin, etoposide, and cisplatin)

Fig. 10.8  Protocol for BEP 
(bleomycin, etoposide, and 
cisplatin)
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patients with poorly differentiated tumors were stage 
IA [49]. There have been no reported patients with 
advanced stages or recurrence, and only one death from 
disease has been reported in a patient with a well-differ-
entiated tumor. However, 10% of intermediate, 60% 
of poorly differentiated, and 20% of retiform and heter-
ologous subtypes show malignant behavior. Therefore, 
patients with Sertoli-Leydig cell tumors staged IC dis-
ease or greater, with poorly differentiated tumors of any 
stage, or with heterologous elements should receive 
adjuvant therapy with either BEP or paclitaxel and car-
boplatin [13]. Due to the rarity of this histologic sub-
type, firm recommendations are difficult to make. 
Radiation and hormone therapy have been described 
[38, 154], but there is very limited information upon 
which to base treatment.

Patients with advanced gynandroblastoma have a 
poor prognosis, and are therefore treated with adjuvant 
therapy, although the data are very limited [95]. 
Anecdotal reports of P32 and cyclophosphamide, 
actinomycin D, and vincristine combination chemo-
therapy are published.

Patients with steroid cell tumors NOS who have 
tumors that are pleomorphic, have an increased mitotic 
count, are large, or are at an advanced stage should be 
treated with additional postoperative platinum-based 
chemotherapy [68]. Radiation, melphalan, and hor-
monal therapies have also been used with variable out-
comes [35, 88, 102].

No prospective randomized studies showing the 
value of radiotherapy in stromal ovarian tumors exist, 
but several retrospective studies have demonstrated the 
utility of radiation therapy in select patients with 
advanced or recurrent disease [75, 117, 122, 146, 147]. 
In another study, 62 patients were evaluated, of whom 
eight received radiation therapy for advanced disease 
that was incompletely resected. Of the eight patients 
who received radiation therapy, four achieved a com-
plete response, including three with disease-free inter-
vals of at least 4 years [117]. In contrast to these 
findings, other studies have reported no benefit from 
adjuvant radiation therapy [39, 80, 96].

10.1.7 � Treatment for Recurrent Disease

Patients with recurrent disease after a long disease-free 
interval may be candidates for secondary cytoreductive 

surgery. This may result in long-term survival, some-
times with multiple tumor-reductive surgeries [14, 99]. 
In cases of widespread disease or disease refractory to 
surgery, chemotherapy and hormonal therapy are 
options for treatment. Given the largest reports, the best 
chemotherapeutic regimens seem to be platinum-based. 
Either BEP if not previously used, or a taxane-platinum 
combination may be the most appropriate chemothera-
peutic regimen for recurrent disease, yielding similar 
response rates of 54 and 72%, respectively [15].

Other chemotherapeutic agents with demonstrated 
response include carboplatin; BEP; cisplatin, doxoru-
bicin, and cyclophosphamide; etoposide and cisplatin; 
vincristine, actinomycin D, and cyclophosphamide 
(VAC); oral etoposide; topotecan; liposomal doxorubi-
cin; paclitaxel; and ifosfamide and etoposide [14, 41, 
106]. Paclitaxel and carboplatin remain the most com-
monly used single agents at first and second relapse.

Many adult and juvenile granulosa cell tumors 
express steroid receptors, so treatment with gonadotro-
pin-releasing hormone antagonists [41, 52, 81] and 
progestins [52, 106, 138] has been performed. Several 
responses to both categories of hormone have been 
reported. Early in the treatment of recurrent disease, 
leuprolide acetate frequently results in the regression 
or stabilization of disease [138]. One case has been 
reported of a partial response to leuprolide acetate in a 
patient with recurrent steroid cell tumor of the ovary 
[105]. Recently reported are four patients with recur-
rent adult granulosa cell tumors who responded to aro-
matase inhibitors [71].

The use of radiation for the treatment of recurrent 
disease has also been reported, with some responses 
noted in patients with localized or symptomatic dis-
ease [75, 117, 122, 146, 147]. However, based on the 
small numbers of patients, the data are anecdotal, the 
response rates are short, and the impact on survival 
remains unknown [75, 99, 122, 124, 146, 147, 170???]. 
Wolf reported on 14 patients with advanced or recur-
rent granulosa cell tumors. With a median follow-up 
time of 13 years, ten patients were treated with whole 
abdominal/pelvic radiation therapy and four patients 
received only pelvic radiation therapy. Of these 14 
patients, six achieved a complete clinical response and 
these responders were followed for 5–12 years, and 
three remained in remission at the end of the study. 
The other three patients experienced relapse between 4 
and 5 years after radiation. In a recent case report, one 
patient with recurrent juvenile granulosa cell tumor 
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responded to palliative radiotherapy with symptomatic 
and radiologic improvement of disease [58].

Antiangiogenic agents have also been investigated 
in patients with recurrent adult granulosa cell tumor, 
due to the overexpression of vascular endothelial 
growth factor and vascularity of these tumors. Promising 
results have been noted [67, 136].

Factors surrounding recurrence have been reported 
in several large series [7, 9, 31, 39, 43, 93]. The over-
all 20-year survival approximates 40%. The stage at 
presentation is the strongest prognostic factor, with 
the 5–10-year survival over 90% for stage I, 55% for 
stage II, and 25% for stage III tumors. Adult-type 
granulosa cell tumors are characterized by late recur-
rence, and recurrence over a decade after the initial 
diagnosis is not unusual. The average time to recur-
rence is 5–10 years, but recurrence up to 30 years later 
has been reported [6]. Other prognostic factors include 
tumor size, rupture, and bilaterality. In patients with 
stage I disease, recurrences are rare for tumors less 
than 5  cm, but recur at a rate of 20% for tumors 
5–15 cm in size and over 30% for tumors greater than 
15 cm [9].

When juvenile granulosa cell tumors recur, they 
usually do so after a shorter progression-free interval 
than is seen with adult granulosa cell tumors. Although 
many approaches to treatment have been used, includ-
ing surgical cytoreduction, radiation therapy, and mul-
tiple chemotherapy regimens including high-dose 
chemotherapy, few sustained responses are seen in 
patients with recurrent juvenile granulosa cell tumors. 
In our experience, responses have been achieved with 
BEP; paclitaxel and/or carboplatin; topotecan; bleomy-
cin, vincristine, and cisplatin; etoposide and cisplatin; 
cisplatin, doxorubicin, and cyclophosphamide; high-
dose chemotherapy; and gemcitabine [14]. According 
to a single report, patients with recurrent disease may 
benefit more from multi-agent chemotherapy than sin-
gle-agent chemotherapy [18]. Overall, the prognosis 
for patients with juvenile granulosa cell tumor remains 
good but is related to stage. The five-year survival for 
patients with stage IA disease is 99%, but this declines 
to 60% for patients with advanced disease [18, 73].

Eighteen percent of patients with Sertoli-Leydig 
cell tumors recur, and of those that recur, two-thirds do 
so within the first year. Platinum-based chemotherapy 
is the mainstay of treatment upon recurrence, but anec-
dotal reports show that outcomes are poor for patients 
with recurrent disease [13].

A percentage of SCTATs recur and metastasize, in 
which case repeat cytoreductive surgery is usually 
warranted. Chemotherapy remains unproved outside 
of anecdotal cases [108].

Unfortunately, eventual disease-related prognosis is 
poor if stromal ovarian tumors recur, with 70% mortal-
ity despite treatment with chemotherapy, radiation, or 
both [39].

10.2 � Uterine Tumors Resembling 
Ovarian Sex Cord-Stromal Tumors

Uterine tumors resembling ovarian sex cord-stromal 
tumors (UTROSCT) are rare neoplasms which resem-
ble granulosa or Sertoli cell tumors of the ovary but 
occur within the uterus. These tumors have been divided 
into two distinct categories: Group I, which are endo-
metrial stromal tumors with less than 40% differentia-
tion into sex cord-like aggregates, and Group II, which 
are myometrial tumors composed of sex cord-like com-
ponents [27]. Group I tumors have also been called 
endometrial stromal tumors with sex cord-like elements 
(ESTSCLE) [27, 98]. Group I tumors are usually yel-
low or white and are fleshy in appearance. Upon micro-
scopic examination, these have focal differentiation 
with anastomosing trabeculae with plexiform cords one 
cell in width, small solid cell groups, and tubules of 
epithelial-like cells in the background of poorly cir-
cumscribed mural masses [57]. The tumors may or may 
not extend to the endometrium. Group II tumors are 
usually surrounded with myometrium and do not extend 
to the endometrium. Grossly, they appear as solid, 
round myometrial tumors which are yellow, gray, or tan 
and homogeneous. They do not appear whorled as leio-
myomata usually do, and mitotic activity is absent. Sex 
cords are seen but there is minimal stroma [57].

It appears that the presence of the endometrial 
stromal component determines the clinical behavior of 
the neoplasm, as patients without an endometrial stromal 
component (Group II) have a benign course with only 
occasional recurrence, but approximately 15% of 
patients with endometrial stromal tumor (Group I) can 
have malignant behavior with metastasis and recurrence 
[53, 125]. The JAZF1-JJAZ1 translocation which is fre-
quently seen in endometrial stromal tumors and may 
occur in ESTSCLE, however, does not occur in 
UTROSCTs [130]. Overall, the prognosis of group I 
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tumors depends on type, grade, and stage of the underly-
ing neoplasm, with definite presence of the endometrial 
stromal component [30], whereas group II tumors are 
considered to be of low malignant potential [30].

In general, UTROSCTs are managed by hysterec-
tomy, but several cases of Group II tumors have been 
reported in the literature with conservative management, 
with resection of the uterine tumor and preservation of 
the remainder of the uterus, allowing subsequent preg-
nancy [57]. Patients who undergo conservative manage-
ment may be followed up with MRI of the pelvis [57].
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Dermoid cysts or mature cystic teratomas are one of 
the most common tumors that occur in women during 
their reproductive life, accounting for almost 20% of 
all ovarian tumors. They are part of a subclass of ovar-
ian germ cell tumor believed to arise from the primor-
dial germ cells. Such origins give rise to the bizarre 
gross appearance of these tumors. They are generally 
unilateral and oophorectomy, the operation of choice, 
is usually curative.

Malignant transformation is rare and occurs in 
about 1–2% of cases, typically in postmenopausal 
women. The tumor may arise from any of the three 
germ cell layers present in the teratoma and has been 
observed adjacent to both normal and metaplastic cells. 
Squamous cell carcinoma (SCC) is the most common 
type of malignancy that arises and makes up over 80% 
of cancers that are seen (Figs. 11.1 and 11.2). However, 
a wide variety of different histological subtypes has 
been reported and includes carcinosarcomas, melano-
mas, mucinous cancer, and adenocarcinomas and ade-
nosquamous carcinomas. SCCs arising from dermoids 
cysts are characteristically seen in an older population 
with the mean age of patients ranging from 45 to 60 
years, but it has been reported in all age groups [1].

SCCs arising from dermoid cysts usually grow slowly 
and cause minimal symptoms until they are large or 
there are complications such as torsion or rupture. They 
are not usually diagnosed preoperatively as there are no 
particular signs or symptoms associated with malignant 

transformation. Presenting symptoms may include 
abdominal pain and distension secondary to a pelvic 
mass, but with locally advanced disease, the patient may 
also present with bowel or bladder symptoms.
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Fig. 11.1  High power: SCC arising in a dermoid. Note the dys-
plastic squamous lining

Fig. 11.2  Low power: SCC arising in a dermoid. Note the dys-
plastic squamous lining
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Prognosis is dependent on stage with stage I patients 
having a relatively good prognosis, but the outcome is 
very poor when the disease has spread beyond the ovary 
or if the cyst had ruptured. Peterson reported a 75% five-
year survival rate in patients with unruptured stage I dis-
ease [2]. In a pooled analysis, Kashimura reported a 
five-year survival rate of 50% in stage I patients vs. 25% 
in stage II, 12% in stage III, and 0% in stage IV [3]. The 
most important prognostic indicator of survival has been 
reported to be confinement of the tumor within the ovar-
ian tunica. Other significant predictors of prognosis 
include clinical stage, tumor grade, vascular involve-
ment, and the mode of tumor infiltration [4, 5].

Since dermoid cysts are a common ovarian tumor, 
there is increasing interest in the preoperative risk 
assessment of these tumors in order to optimize surgi-
cal management. Kikkawa reported that age and tumor 
size were important factors in determining the malig-
nant potential of a dermoid cyst preoperatively among a 
cohort of 37 patients [6]. The mean age of patients with 
a benign dermoid cyst was 37.5 years vs. 55.2 years for 
those with a malignant transformation (p < 0.0001). The 
mean tumor size was 88.4 mm vs. 152.3 mm (p < 0.0001) 
for benign vs. malignant respectively. Multiple series 
have investigated the usefulness of serum tumor mark-
ers, with variable results [4, 7]. It is generally felt that 
CA 125 does not have a role as a diagnostic tool. An 
elevated SCC antigen appears to be the most useful 
especially when combined with other risk factors [8]. 
Mori reported that with a serum SCC level less than 
2.5 ng/mL and patient’s age less than 40 years, the sen-
sitivity for malignant transformation was 77% and 
specificity was 96%. With regard to radiological stud-
ies, MRI appears to be the most useful [9]. Malignant 
transformation may be demonstrated by the presence of 
a solid component with contrast enhancement, trans-
mural or transeptal extension, and evidence of adher-
ence to surrounding structures.

Due to its rarity, there is no clear consensus on an 
optimal management strategy. Surgery including total 
abdominal hysterectomy, bilateral salpingo-oophorec-
tomy and omentectomy is generally the most widely 
accepted surgical treatment. If not optimally staged at 
initial surgery, it is generally recommended that patients 
undergo a second procedure as complete tumor excision 
and proper staging are essential to inform prognosis and 
treatment planning. Laparoscopic removal can be prob-
lematic as spillage may occur resulting in inadvertent 
upstaging [10]. It remains controversial whether this 

upstaging affects prognosis. Similar to patients with 
epithelial ovarian cancer, optimal debulking is thought 
to improve survival in patients with metastatic disease. 
Tseng reported a statistically significant association 
between optimal cytoreduction and improved survival 
among a cohort of 26 patients [11]. Hackethal, in a 
recently reported meta-analysis reported that omentec-
tomy did not affect overall survival whereas lymph-
adenectomy improved the chances of survival in patients 
with advanced stages (59.2 months vs. 40.4 months) 
[12]. The effectiveness of unilateral oophorectomy and 
thus fertility-sparing surgery in premenopausal women 
with early stage disease remains unclear.

The benefits of radiotherapy or chemotherapy have 
never been prospectively evaluated and remain unclear. 
The issue of whether pure stage I tumors require fur-
ther therapy still remains questionable given their rela-
tively good prognosis. For patients with more advanced 
disease, there are no universally accepted regimens or 
doses used. Postoperative treatment regimens in the 
literature include single agent or combination chemo-
therapy, radiation therapy, or a combination of these 
approaches. Platinum-based chemotherapy would be a 
reasonable choice and generally regimens that are 
active in squamous cell cancer at other sites have been 
used such as cisplatin-5 FU and carboplatin/cisplatin 
and paclitaxel. There have been a small number of case 
reports of prolonged survival in patients with more 
advanced disease who have been treated with cispla-
tin-based chemotherapy [13, 14]. Recently, there has 
been a report of prolonged disease-free survival in a 
patient with stage III SCC arising in a dermoid who 
was treated with cisplatin and paclitaxel after debulk-
ing surgery [15]. Hackethal in his meta-analysis 
reported that of patients who received adjuvant chemo-
therapy with a combination of various cytotoxic drugs 
(taxanes (n = 5), anthracyclines (n = 9), platinum deriv-
atives (n = 60), vinca alkaloids (n = 29) and alkylating 
agents (n = 27)) showed that only regimens with alky-
lating drugs were associated with increased survival in 
tumor stages greater than 1a [12]. These regimens 
were associated with a mean survival of 57.1 months 
compared to 25.2 months for regimens without alky-
lating agents. However, the benefit of chemotherapy 
was not supported in a multifactorial analysis.

In women at high risk of disease relapse, it has been 
proposed that postoperative pelvic radiotherapy may 
be considered on the basis that in patients who did 
relapse, pelvic disease is common and particularly 
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difficult to manage [1]. However, in his meta-analysis, 
Hackethal did not find any benefit for postoperative 
radiotherapy [12].

Secondary debulking surgery has been advocated in 
some reports where sustained durable remissions have 
been obtained following relapse [7]. The authors rec-
ommend that surgery should be considered as initial 
management in all women with relapsed disease. It is 
most likely to be of value in patients with a long dis-
ease-free interval and single site of relapse.

As malignant transformation within dermoid cysts 
is such a rare tumor, a prospective trial to evaluate the 
optimal treatment strategy is not feasible. We recently 
proposed an audit of GCIG members to identify the 
number of cases of SCC arising from dermoids that 
have been treated by clinicians within GCIG to help 
clarify the optimal approach to management. Apart 
from collecting information on age, stage, symptoms 
at presentation, extent of surgery, adjuvant therapy 
received, response to treatment, progression, salvage 
therapy, and survival, the information may help in 
determining how future patients should be managed.
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Ovarian carcinosarcomas (CSs) are usually considered 
to be aggressive tumours. There may be pure ovarian 
sarcomas or more often, mixed tumours with both car-
cinomatous and sarcomatous elements although molec-
ular studies will usually show a monoclonal origin. This 
gives rise to the historical name of Malignant Mixed 
Mullerian tumour or Malignant Mesenchymal tumours 
(MMMT). However as with uterine CSs, the terminol-
ogy that is now preferred reflects the fact that these are 
probably epithelial tumours that are poorly differenti-
ated and this is supported by molecular marker studies. 
Occasional pure sarcomas may be seen. The importance 
of central pathological review cannot be underlined 
enough. In this article, the term carcinosarcoma (CS) 
will be preferentially deployed. Prior radiation expo-
sure may be causative [45] as reported by Wei et al.

12.1 � Incidence and Epidemiology

Since they are often mixed tumours their clinical 
behaviour will resemble that of epithelial ovarian can-
cer. Generally they have been considered uncommon 
and in most series [1–22] they account for 1–2% of 
ovarian cancer series, but in the Edinburgh experi-
ence [18] they accounted for 4% of a consecutive 
series of patients. This reflects the lack of consensus 
about how much sarcomatous component is required 
to label a mixed tumour as a CS. Views range from 

any sarcomatous component and up to 50%. Clearly 
some consensus is needed but many would take the 
view that at least 10% should be sarcomatous. Others 
might even argue that it does not really matter if they 
are simply bad type epithelial ovarian cancers with a 
sarcomatous component! It is more usual that when 
metastases develop, they are carcinomatous rather than 
sarcomatous, which supports the view that they are 
probably epithelial cancers. The clinical presentation, 
pattern of spread and prognosis are most commonly 
similar to those of epithelial ovarian cancers. The peak 
age of incidence for these patients is most frequently 
in their sixties. The presenting symptoms will be as 
diverse and as difficult to diagnose as those of ovarian 
carcinomas. In many situations the diagnosis will only 
be made after definitive surgery when full histological 
assessment is obtained. In some series, up to 5% of 
patients with suspected ovarian carcinoma will turn out 
to have sarcomatous elements. This has been a concern 
about relying upon fine needle aspiration of an omental 
biopsy or pelvic mass or even CT-guided biopsy which 
may not give a sufficiently representative sample. This 
may be important for quality control within clinical tri-
als and for prognostic information, although in reality 
it probably does not affect the treatment planning.

These tumours usually account for 1–2% of ovarian 
tumours; thus, they are relatively uncommon. Median 
age of presentation is usually around 60 years. Some 
series have reported shorter periods of antecedent 
symptoms: in Prendiville’s series [14] it was only  
3 months; contrast this with many epithelial cancers! 
Generally these tumours are staged in the same way as 
epithelial ovarian carcinomas. It is to be noted that 
their relative rarity and lack of randomised compara-
tive trial data limit the reviewer in discussing optimal 
management. There are many descriptive reports but 
no surgical or adjuvant studies involving RCTs.
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12.2 � Pathology

CSs are probably best viewed as epithelial tumours 
which contain a sarcomatous component. As men-
tioned previously, there is no international consensus 
on what proportion of tumour must be sarcomatous to 
label the tumour as a CS, although in practice it is often 
suggested at least 10% should be sarcomatous. They 
are sub-classified as “heterologous” or “homologous” 
according to the presence or absence of a stromal com-
ponent containing mesenchymal tissue not normally 
found at the primary tumour site [9, 12, 22–24, 48]. 
This parallels the situation in uterine sarcomas. 
Previously, it was believed that heterologous CSs car-
ried a worse prognosis than homologous, but recent 
evidence suggests that this histological feature does 
not significantly alter prognosis and is not independent 
of stage. It may well be that heterologous cancers are 
diagnosed at a later stage with apparent worse progno-
sis. The term metaplastic carcinoma is increasingly 
being adopted in uterine CSs and is likely to be 
accepted in ovarian CS.

Other subtypes aside from CSs include the 
following:

Leiomyosarcoma•	
Angiosarcoma•	
Fibrosarcoma•	
Rhabdomyosarcoma•	

More rarely, chondrosarcoma and osteosarcoma of the 
ovary have been described but careful exclusion of 
another primary should be considered. They may also 
be components of heterologous CSs. Finally, sarcomas 
arising within a teratoma are reported. Specialist 
pathology review with a panel of immunocytochemical 
markers is essential is making a definitive diagnosis.

12.3 � Investigations and Initial 
Management

Since these tumours are often initially thought to be epi-
thelial cancers, the initial work-up and investigation are 
as for any suspected ovarian tumour. CA125 should be 
measured and is useful for serial measurement and 
response evaluation, even if it may not be diagnostic. It 
is also required to calculate the risk of malignancy index 
(RMI) which may be used to select where patients are 

sent for operation. The preferred imaging technique 
reflects local availability and expertise. This is most 
commonly ultrasound of the pelvis followed by CT 
scanning or MR imaging. At present there is conflicting 
evidence about the value of PET CT in ovarian cancers 
and no strong evidence base for CSs; however, where 
readily available it can offer additive staging informa-
tion. In some situations a staging laparoscopy may be a 
valuable adjunct to making a diagnosis and staging the 
tumour and its potential resectability. However, unless 
there is evidence of disease extensively involving the 
liver or lungs or supracolic omental disease, the stan-
dard recommendation would be to proceed to laparo-
tomy to achieve optimal debulking, taking into account 
the patient’s fitness for anaesthesia.

12.4 � Surgical Management

Surgical management should be approached as for epi-
thelial carcinomas; however, often the definitive diagno-
sis will only be confirmed after pathological review. The 
calculation of the RMI may be useful in selecting 
whether the patient is referred to a specialist gynaeco-
logical oncology team. The approach must be to achieve 
maximal debulking surgery with no residual disease as 
the aim. Hence total abdominal hysterectomy, bilateral 
oophorectomy, omentectomy, and peritoneal washings 
should be the absolute minimum and depending upon 
local practice and expertise, blind biopsies from dia-
phragmatic surfaces and paracolic gutters and selective 
lymphadenectomy should be performed. The series from 
Sood confirms the superior survival when optimal deb-
ulking is achieved [21]. Specialist surgical units are more 
likely to carry out procedures that will lead to optimal 
cytoreduction. Duska et al. [25] showed similar findings 
and additionally demonstrated the effects of platinum 
and paclitaxel based therapy in optimally debulked 
patients. In summary, the goal should always be to aim 
for optimal surgical cytoreduction [42–44, 49, 51, 52].

In the event of the patient being unfit for surgery or 
having extensive disease, it is now probably reason-
able to recommend neoadjuvant chemotherapy. This 
has been demonstrated to be non-inferior in epithelial 
ovarian cancers and it is probably reasonable to extrap-
olate that in ovarian sarcomas, induction chemotherapy 
will have a role to play and may render some tumours 
resectable after three or four induction doses of 
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chemotherapy. Interestingly within the recent EORTC 
55971 protocol, between 2 and 3% diagnosed with car-
cinoma based on initial diagnostic material were ulti-
mately diagnosed with an ovarian sarcoma [26]. This 
is thought to reflect sampling error with small biopsies 
of cytological assessment. Further discussion on which 
agents should be used will follow.

The pathology should be reviewed by a gynaecologi-
cal pathologist who will carry out immunocytochemical 
analyses in addition to standard histology. Following 
the diagnosis and histological assessment the patient 
should be referred to the Tumour Board for multidisci-
plinary discussion. It is likely that virtually all cases will 
be offered some form of chemotherapy because even a 
tumour that is apparently stage I should be considered 
as high grade or G3 equivalent and in epithelial ovarian 
cancers, all patients in this subgroup would be recom-
mended to receive adjuvant treatment [27, 28].

12.5 � Post-Operative Management

The lack of randomised clinical trials means there is no 
level 1 evidence. Comparisons are made with uterine 
sarcomas but it is difficult to be certain whether this is 
a realistic and fair comparison. Certainly many of the 
older papers cited have drawn from this experience.  
A major challenge is knowing how to interpret the 
reports from the older literature given the huge techni-
cal advances in diagnostic techniques of the past 20 
years. We should not ignore this resource but interpret 
the information with a degree of caution. The debate is 
over whether to use epithelial ovarian type schedules 

or incorporate an anthracycline as these are active 
agents in sarcomas. Anthracyclines do have moderate 
activity in epithelial ovarian cancers.

The reasons that adjuvant treatments are recom-
mended are the high risk of relapse and lethality of this 
tumour in the early reports. An earlier review by 
Hanjani which collected over 200 cases reported 78% 
mortality at 1 year [2]. The early series from Prendiville 
in Manchester UK [14] reported 20 patients over a 
10-year period. Nearly half were dead within 1 year 
with a median survival of 14 months. Harris from the 
Christie in Manchester, reporting nearly a decade later 
showed that little progress had been made. The GOG 
had reported on single agent cisplatin with around a 
20% response rate but rather short duration remissions. 
This was a series collected over a number of years and 
we would today consider the dose and scheduling less 
than optimal. However this was an important step 
towards defining standard treatments [29]. Most reports 
up till this time showed median survival to be around 
8–9 months. An Australian group reviewed 20 cases 
from the late 1980s and 1990s and reported median 
survival 8 months but was increased to 23 months in 
those who received platinum-based chemotherapy 
(Inthasorn) [30] (Table 12.1).

The modern era starts with platinum-based regi-
mens; these range from platinum and a taxane to plati-
num and ifosfamide. Sit et  al. in 2000 using 
platinum-based chemotherapy reported 19 months’ 
median survival with patients receiving cisplatin and 
ifosfamide but 23 months’ median survival for those 
receiving carboplatin and paclitaxel [31]. Sood et al. 
demonstrated the benefit of optimal debulking and its 
improved prognosis compared to those not optimally 

Author Regimen RR (%) PFS (months) OS (months)

Brown [18] Mixed 25 6.4 8.2
22% no Rx

Harris [17] Platinum based 42 8.3
Non Platinum based 33

Sood [21] Carboplatin/Pac 80 15
6

Thigpen [29] Cisplatin 20

Rutledge [46] Cisplatin/Ifosfamide/Mesna 88 10 17

Inthasorn [30] Platinum based 23
Mixed 8

Table 12.1  Studies from the older era
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resectable and also showed the benefit of adding pacli-
taxel to carboplatin [21]. Most experts would now 
accept that carboplatin and paclitaxel should be the 
treatment of choice or these agents be incorporated in 
the regimen. Subsequent discussions suggest that add-
ing other agents may be useful, such as anthracyclines 
and ifosfamide (Table 12.2).

Thus the older literature is very cautious if not nega-
tive about the value of adjuvant therapies especially in 
cases more advanced than stage I. However, this may 
simply reflect the lack of literature and late recognition 
of ovarian CSs; and if we believe these bear similarities 
to epithelial ovarian cancers, it is illogical not to treat 
them in a similar fashion. It also reflects a negativistic 
attitude prevalent historically about the outcome of 
ovarian sarcomas. The older literature reports on the 
disappointing outcome of advanced cases as discussed 
above. This tends to reflect the pre-platinum era and a 
less aggressive surgical approach. Contemporary man-
agement is far more aggressive with better anaesthesia 
and back-up, more gynaecological oncologists, multi-
disciplinary management and better chemotherapy. 
However, disease biology with more aggressive disease 
and advanced stage at presentation may account for 
less than optimal debulking surgery in many cases and 
the resultant poorer prognosis.

A review of the evolution of chemotherapy schedules 
will show some overlap with development of regimens 
for epithelial cancers but also some different directions 
using sarcoma type regimens. These generally catalogue 
schedules with poor outcomes. However, historical data 
has included non-platinum regimens, which include 
anthracyclines, ifosfamide, vinca alkaloids and actino-
mycin C and cyclophosphamide. These have been used 
as single agents such as doxorubicin or ifosfamide, but 

combinations of cisplatin, ifosfamide and CAP (cispla-
tin, adriamycin, cyclophosphamide) have been deployed 
with modest activity. Single agent doxorubicin is 
reported to have around 25% activity. Most of these 
early series report short duration responses and we have 
moved on to better combinations; thus this review con-
centrates more on the newer approaches. More recent 
data have shown better outcomes even if they do not 
match the best for epithelial ovarian cancer. Therefore 
all cases should be considered for additional chemother-
apy assuming the patient is of good performance status 
and has recovered from surgical procedure.

12.6 � Modern Approach to Management

Early series all seem to show survival beyond 2 years to 
be rare and only associated with stage 1 disease. The 
more recent series incorporating platinum with or with-
out taxanes is better. However, it is difficult to be cer-
tain whether the improvements reflect a more aggressive 
surgical approach or the introduction of taxanes and 
platinum! The importance of stage and optimal debulk-
ing is confirmed again in Duska’s series [25].

Even apparent stage I tumours will have at least an 
equivalent risk to that of relapse as a G3 epithelial ovar-
ian tumour where chemotherapy will always be offered 
[27, 28]. It is generally accepted that the agents used for 
the treatment of ovarian sarcomas will reflect those 
used in ovarian carcinomas but there are various schools 
of thought that feel that other drugs should be included 
or substituted. The standard treatment for epithelial 
ovarian cancer is carboplatin and paclitaxel and there is 
a modest literature on the use of these drugs in ovarian 

Author Regimen RR (%) PFS (months) OS (months)

Sit [31] Carboplatin/Paclitaxel NA 33
Cisplatin/Ifosfamide 23

Duska [25] Carboplatin/Paclitaxel 72 27

Leiser [32] Platinum/taxane 63 43

Cicin [37] Platinum based 26
Non Platinum 9.7

Ozoroglu [33] Carboplatin/Paclitaxel 100
Cisplatin/Ifosfamide 60

Mok [50] Cis/Ifosfamide 20 (5 years) 46

Table 12.2  Studies from the modern era
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sarcoma from the last 5 years. Some authors have 
argued the case for single agent carboplatin but in those 
series where it has been used, response rates and sur-
vival are inferior to those for platinum combinations. 
Brown et al. even argue that the low response rates to 
platinum-based therapies, usually in the range of 
25–33% are far inferior to those in epithelial ovarian 
cancers from the same era [18]. Similarly the median 
survival was usually in the range of 8–12 months. Harris 
also using platinum-based therapies reported 42% 
response rates but still with median survival less than 9 
months although a few long term responders [17]. They 
report a significant number of early deaths on treatment 
but those who completed therapy had better prospects. 
However, more recent series do show much better 
response rates and improved survival.

Given the extensive use of carboplatin and pacli-
taxel in epithelial ovarian cancers, it is not surprising 
that a number of recent studies have reported on this 
combination. Response rates varying from 20 to 80% 
have been reported but generally the series have had 
very small numbers and have included a mixture of 
pure and mixed CSs. Duska reported 72% RR [25] and 
Sood 80% RR with platinum and taxane combinations 
but substantially lower when platinum was not used 
[21]. Sood also demonstrated the importance of achiev-
ing optimal debulking surgery [21]. Leiser reported 
63% response rate with 40% achieving a complete 
response [32]. Here we begin to see better overall sur-
vival with median survival achieving 43 months. 
Importantly, 57% were able to undergo optimal cytore-
duction. However despite these high response rates, 
the progression-free survival and overall survival are 
poorer than in EOC. A recent Turkish paper by 
Ozguroglu reported on 25 mixed sarcomas from ovary 
and uterus [33]; a 100% response rate was seen with 
carboplatin and paclitaxel and 66% with platinum and 
ifosfamide. Higher response rates were seen when the 
predominant component was carcinomatous rather 
than sarcomatous (87.5 vs. 66%). The series reporting 
platinum and paclitaxel does appear to achieve better 
responses than the one using platinum ifosfamide, but 
it is impossible to make absolute comparisons without 
randomised trials. Recent studies using carboplatin or 
cisplatin and paclitaxel are starting to set the new stan-
dard of care [31, 32, 34–37].

The MD Anderson group explored CIM, cisplatin, 
ifosfamide and mesna and reported eight of nine 
patients responding, with seven out of eight patients 

achieving CR and one PR but PFS was only 10 months 
and overall survival 17 months [38]. It was associated 
with moderate toxicity. Given the modest activity of 
single agent anthracyclines, adding epirubicin to TC 
has been tried. The Scandinavian group have attempted 
to improve first line treatment by adding in epirubicin 
using the TEC regimen, taxol, epirubicin and carbopla-
tin [34]. The number of patients treated has been small 
but there is an impression that this is an active regimen 
although whether it is superior to the standard remains 
open to debate. The author has treated over 25 patients 
using this TEC regimen, and found it to be very well 
tolerated and worthy of consideration for treatment; 
the data are currently being analysed. One of the diffi-
culties here is that the rarity of the tumour makes it 
very difficult to do clinical trials and show any benefit 
from one particular schedule over another. The sched-
ule of TIP (taxol, ifosfamide and cisplatin) is also wor-
thy of consideration; it has been shown to be effective 
in relapsed cervix cancer and germ cell tumours [39]. 
It is toxic but when used by experienced teams it is 
safe. A small series of carboplatin, ifosfamide and 
paclitaxel was reported at ASCO in 2005 by Kosmas 
et al. [40]. Sadly we will never be able to mount a study 
of TIP vs. TEC and anyway these approaches will 
probably be considered obsolete given the new agents 
discussed in the next paragraph. Mano et  al. have 
reviewed the management of ovarian sarcomas in a 
recent article [41]. A report from Hsieh et al [53] has 
shown that liposomal doxorubicin may be effective.

12.7 � The Future

New options include the use of biological or targeted 
agents and there is some interest in this. To date there 
have not been any significant series reporting on this but 
there are phase 1 and 2 studies evaluating some of the 
tyrosine kinase inhibitors and anti-angiogenesis agents 
in these tumours. Once again a better understanding of 
the biology of the disease will hopefully lead to bet-
ter targeting by newer agents. A recent proposal to the 
GCIG has proposed a combination of carboplatin and 
liposomal doxorubicin with a targeted agent such as 
sorafenib and this is currently being worked up into a 
definitive protocol, but examples like this are indicative 
of future approaches. We have still to learn whether to 
use these new compounds synchronously, sequentially 
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or as single agents! It is probably reasonable to say that 
the future approach will be more scientific and based 
on molecular markers in addition to traditional surgical, 
radiological and histopathological expertise.

12.8 � Conclusions

These are rare cancers and should be managed by 
expert teams. Optimal surgical debulking is important 
and recent data shows improved survival with plati-
num-based regimens compared to historical series. 
Platinum and paclitaxel may be superior to platinum 
and ifosfamide and is certainly less toxic. The author 
strongly believes that carboplatin and paclitaxel should 
be used but that the addition of epirubicin as in the 
“TEC” regimen is deliverable and may possibly be 
beneficial. Ifosfamide may be incorporated in first line 
management but is more likely to be kept for relapse. 
For recurrent disease, ifosfamide-based regimens are 
worthy of exploring but may add to toxicity. Clinical 
trials with international collaboration and new agents, 
conventional, molecular or combined, are needed.
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13.1 � Introduction

Small cell and neuroendocrine (NE) carcinomas of the 
ovary are uncommon, constituting about 1% of ovarian 
cancers. They were really recognised as a separate 
entity only in 1979 [1], with several further reports in 
the 1980s [2–4]. These tumours are often very highly 
aggressive and carry a poor prognosis and unless they 
are diagnosed at a very early stage, they usually are 
associated with a high level of lethality. There are four 
recognised types and the differential diagnosis may be 
challenging. Furthermore, these tumours may be asso-
ciated with the ectopic secretion of neuropeptides 
which may give distinctive clinical syndromes includ-
ing hypercalcaemia, hypoglycaemia, hyponatraemia 
with SIADH (syndrome of inappropriate ADH secre-
tion) and myaesthenic syndromes. Carcinoid tumours 
and struma ovarii are covered more fully in a separate 
chapter, given their usually very different and more 
indolent clinical behaviour.

The more aggressive tumours have a small round 
cell pattern and may cause challenges in establishing a 
firm histological diagnosis. New immunocytochemi-
cal techniques have helped to reduce the diagnostic 
dilemmas and pitfalls. Nevertheless occasional patients 
may be seen in whom there remains continuing uncer-
tainty over the final diagnosis so that expert pathologi-
cal opinion is required. Up to four types of primary 
tumour are described, but most frequently seen are 
small cell cancers. Metastatic disease should also be 
excluded.

Small cell carcinoma of ovary of pulmonary type (SCCOPT)

Small cell carcinoma of ovary of hypercalcaemic type 
(SCCOHT)

Non-small cell neuroendocrine carcinoma (large cell variant) 
(NSCNEC)

Classical primary carcinoid (well differentiated neuroendocrine 
cancer)

Classical carcinoid metastatic from primary gastrointestinal site

13.2 � Pathology

The terminology of these tumours has recently tended to 
follow that of pulmonary small cell cancers rather than 
the proposed terms from WHO and ENETS [5–8] for 
other NE cancers. This can seemingly lead to some con-
fusion over terminology. These rare tumours can be 
classified as pulmonary and non-pulmonary in type and, 
confusingly, as having a classical (or typical) small cell 
morphology or a large cell variant. This is a further rea-
son for specialist pathological review. The non-pulmo-
nary type occurs in younger women and is often 
associated with hypercalcaemia, whereas the pulmonary 
type is associated with women of perimenopausal age.

In this section we will start with Small Cell Cancer 
of Ovary of Pulmonary Type (SCCOPT). These ovarian 
small cell tumours are usually pure, in contrast to cervi-
cal tumours which may have a mixed pattern. They 
strongly resemble pulmonary small cell (oat cell) lung 
cancers. It is necessary to carry out detailed imaging to 
exclude a small primary lung cancer and nowadays,  
18-FDG PET CT imaging may be an additional useful 
tool given the aggressive metabolic pattern. One of the 
principal difficulties in evaluating small cell ovarian 
tumours is distinguishing them either from metastatic 
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small cell disease arising elsewhere or from other small 
round cell tumours which may have a subtly similar 
appearance. There are some differences in the immuno-
cytochemical profile but also the method of presenta-
tion and age may be relevant. Carcinoids and poorly 
differentiated sex cord tumours with small cell compo-
nent may also cause a diagnostic challenge but review 
by an experienced pathologist should help make the dis-
tinction. This diagnosis should always be considered in 
a younger woman presenting with advanced disease.

Non-pulmonary small cell carcinomas of the ovary 
may often be associated with hypercalcaemia and are 
known as Small Cell Cancer Ovary of Hypercalcaemic 
Type (SCCOHT), which is present in about two thirds 
of cases and, in spite of the aggressive treatment, may 
well recur quickly and have a very poor prognosis. 
Their histological pattern is of poorly differentiated 
small cells with densely hyperchromatic nuclei and 
scanty cytoplasm. Confusion with juvenile granulosa 
cell tumours can occur. Attempts to stain for PTH 
(parathyroid hormone) are usually unsuccessful but 
PTHRP (parathyroid hormone related peptide) has 
been shown in some cases.

Also described but less commonly seen are large/
intermediate cell variants which are often called 
NSCNEC. The largest series was reported by Veras 
and colleagues [9] in 2007 and included a discussion 
of previous series. Interestingly these were often asso-
ciated with simultaneous ovarian tumours including 
dermoid cysts, teratomas, mucinous borderline tumours 
and endometrioid cancers. These tumours tended to be 
solid, cystic and unilateral.

Classical carcinoids (well differentiated neuroen-
docrine tumours [NET]) are also seen in the ovary but 
are usually metastatic, and their management is dis-
cussed more fully in a separate chapter [10, 11]. More 
often classical carcinoids present with a diffuse pattern 
of spread with peritoneal and mesenteric involvement 
and a primary in appendix, terminal small bowel or 
ascending colon is likely; but infrequently there may 
be no other signs of disease and may represent a true 
primary NET. When they are metastatic to the liver, 
these patients may often have symptoms of the carci-
noid syndrome, but primary ovarian carcinoids may 
also develop cardiac disease without liver metastases 
due to the ovarian vein sometimes directly emptying 
into the inferior vena cava with direct flow into right 
cardiac chambers. Carcinoid heart disease may be 
more prevalent in this group, and may arise years after 

the initial diagnosis. These metastatic tumours should 
be referred to specialist teams experienced in manag-
ing NETs and managed along standard lines [12]. 
There are good data to support a radical surgical 
approach in selected patients but this should be done in 
association with an experienced gastrointestinal or 
hepatobiliary surgeon. A recent paper from Strosberg 
discusses the clinical issues of primary vs. metastatic 
ovarian carcinoids. This is discussed in more detail in 
a separate chapter [11].

13.3 � Clinical Presentation

There are no specific patterns of presentation although 
often, the clinical history is short as the tumours tend 
to grow rapidly. The SCCOHT tend to come from 
younger age groups and tend to be non-smokers. It is 
believed that these are more likely to be non-pulmo-
nary small cell cancers. The pulmonary type is more 
likely to occur in slightly older women around the time 
of menopause with peak incidence at 50–60 years.  
A rapidly growing pelvic mass with no other specific 
symptoms is the likely pattern of presentation. Often 
there is nothing else to suggest an unusual diagnosis. 
In younger women, tumour markers for germ cell 
tumours should be assayed (for example AFP, beta-
HCG, LDH, CEA and NSE). Initial imaging of the pel-
vis will help to make a preliminary diagnosis; a 
complex solid or semi-solid mass will rule out a bor-
derline tumour but will lead to the usual investigative 
techniques. Many of these tumours only involve one 
ovary, and may not be suspected preoperatively. Early 
cases should be investigated and managed in the usual 
manner with appropriate staging procedures including 
laparotomy as for epithelial ovarian cancers; and on 
occasions, the diagnosis may only be made as an unex-
pected finding at time of examining the histology. 
However, a full and thorough staging should be carried 
out, and in cases of extensive disease in a younger 
woman with an atypical pattern, small cell carcinoma 
should be considered [1–6, 9, 13–18].

Thus, a major issue is whether the surgical approach 
should be as for a suspected epithelial tumour or a 
more conservative procedure. Frozen section may be 
considered to assist in this process. Fertility-sparing 
surgery should always be discussed with the younger 
woman but until a final histological diagnosis is made, 
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surgical plans have to be tentative. Harrison et al. argue 
that since most were unilateral, at least in the younger 
woman conserving surgery may be offered [19].

In older women, standard surgical practices should 
be followed for diagnosis and treatment; a total hyster-
ectomy, bilateral salpingo-oophorectomy, omentectomy 
and inspection of abdominal cavity with peritoneal 
washings is the minimum. Whether lymphadenectomy 
is done will partly depend on whether the procedure is 
undertaken by a gynaecological oncologist or general 
gynaecologist together with the surgical findings; how-
ever, there is no literature either to support or refute the 
process of lymphadenectomy. However if the surgeon 
finds grossly enlarged glands and feels that they can be 
safely removed at time of surgery, it seems reasonable 
to proceed. If fertility-sparing surgery is accepted, the 
patient must be advised about the potential need for a 
delayed completion procedure although again, there is 
no specific literature to support this.

While a proportion will be clinically stage 1 (about 
20–25% from the published literature), the majority 
will be diagnosed with advanced metastatic disease. 
The mode of spread may be similar to common epithe-
lial tumours, but they may have liver metastases at pre-
sentation, so a percutaneous liver biopsy may be the 
quickest way to establish a diagnosis. The finding of 
hypercalcaemia, particularly with normal bone scan or 
other imaging, most commonly reflects the ectopic 
secretion of neuropeptides such as PTHRP and is asso-
ciated with the distinctive SCCOHT [20]. Other pre-
sentations may include hyponatraemia and SIADH, 
and rarely myaesthenic syndromes. About 70% of the 
SCCOHT are associated with high serum calcium.  
A more recent and comprehensive review of small cell 
cancers of the female genital tract was published in the 
beginning of 2007 [21].

13.4 � Post-Operative Management

The clinical literature is scanty apart from case reports 
although there are papers from pathologists who report 
series of cases sent in for tertiary review, but these are 
often associated with relatively little clinical informa-
tion on surgical management and post-surgical man-
agement. Careful review by an experienced pathologist 
specialising in gynaecological oncology pathology is 
advised as immunocytochemical profile may give 

important clues (see Chap. 3 where McCluggage and 
Millan discuss pathology). All cases should be dis-
cussed at tumour boards and, if appropriate, referred to 
regional/national referral centres [22, 23]. This is yet 
another example where international collaboration and 
data collection in national registers is needed to help us 
establish better practices for these rare cancers.

Chemotherapy will usually be advised as an adju-
vant even when there is no macroscopic disease and 
should be recommended in all other advanced cases 
[17–20, 24–32, 34]. The experience from the older lit-
erature is pretty dismal with few cases surviving 
beyond 12–24 months [17, 18, 24–27, 31]. The con-
ventional approach is to combine platinum with etopo-
side, as in small cell lung cancer. There is no evidence 
base to favour cisplatin over carboplatin but the conve-
nience of carboplatin may make it the drug of choice. 
Hoskins et al. have also added in paclitaxel to carbo-
platin and etoposide in their patients with small cell 
cancer of the cervix and this option should also be con-
sidered [32]. The numbers are too small to allow con-
fident claims about the superiority but certainly it can 
be considered. One might also speculate that carbopla-
tin and paclitaxel may be effective in view of its activ-
ity in small cell lung cancers [29, 33]

13.5 � Recent Literature

A recent review article by Harrison et al. sought case 
reports from members of the GCIG (Gynaecological 
Cancer Inter Group) and acquired 17 cases [19]. There 
is a degree of heterogeneity about the cases collected 
but it does offer a more contemporary overview and 
commentary. Not surprisingly, it showed that the best 
prognosis was associated with early stage disease and 
an aggressive management including surgery, radia-
tion and chemotherapy. This is clearly controversial 
and counter-intuitive as adding radiation therapy does 
not seem logical.

For advanced disease or where optimal debulking 
surgery cannot be achieved, primary chemotherapy is 
the treatment of choice. The same combination of a 
platinum and etoposide will be recommended, usually 
prescribing up to six cycles. Interval imaging after three 
cycles is performed to assess response but with continu-
ation to six cycles unless there is progression. There are 
anecdotal reports of carboplatin and paclitaxel which is 
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used in non-small cell lung cancer and epithelial ovar-
ian cancers regularly, and the author has treated three 
patients with the dose-dense and dose-intense weekly 
carboplatin and paclitaxel schedule. All achieved a 
remission but one relapsed early and died, a second 
developed isolated brain metastases but remains in 
remission after further chemotherapy and cranial radia-
tion and the third is still in remission. The importance 
here may be the weekly dose-dense and dose-intense 
scheduling rather than the individual drugs.

Unfortunately, many of the patients have a short-
lasting response and early relapse either with intra-
abdominal disease or even cerebral metastases will 
occur. Consideration of prophylactic cranial irradia-
tion should be given for those who enter complete 
remission. For patients who develop early relapse, 
further chemotherapy may be considered if they are of 
good performance status. The CAVE regime (cyclo-
phosphamide, adriamycin, vincristine and etoposide) 
may be considered. Consideration of other non- 
evidence based schedules including weekly carbopla-
tin and paclitaxel or topotecan may also be active in 
small cell tumours; otherwise experimental schedules 
should also be discussed or patients are referred into 
phase one studies. To date there is no reported experi-
ence with any of the newer targeted agents but at the 
time of writing there is at least one phase one study 
investigation of bevacizumab (Avastin).

The role of external beam radiation (EBRT) seems 
paradoxical. It has a very limited role in epithelial ovar-
ian cancers but in Harrison’s series those who received 
adjuvant EBRT had a lower rate of failure [19]. Most 
important seems to be the presence or absence of resid-
ual disease post-surgery. Most of the patients were 
treated over long time periods with heterogeneous regi-
mens and schedules, and so it is difficult to produce firm 
evidence-based guidelines. In one of the earliest series, 
whole abdominal radiotherapy was given but this was in 
the pre-platinum era and given the additional morbidity 
one has to question whether this is a useful addition [2]. 
Nevertheless the conclusion is that platinum-based che-
motherapy with or without pelvic radiation should be 
discussed in all cases. Whilst counter-intuitive it is often 
recommended in these unusual cases and has to be 
decided on a case by case basis.

Carcinoid tumours (well differentiated NET) may 
also involve the ovary and are most frequently meta-
static but occasionally no other disease is located and 
are considered true primary carcinoids. They tend to 

behave like classical carcinoid tumours and may 
metastasize and cause carcinoid syndrome when the 
liver is involved but paradoxically, primary ovarian 
carcinoids can cause right-sided heart disease in the 
absence of metastatic disease due to the flow of the ovar-
ian vein directly into the inferior vena cava. The clini-
cal behaviour and the histological appearance should 
distinguish them from small cell cancers [11].
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Ovarian carcinoids were first described in 1939 by 
Stewart et al. [1]. Most commonly ovarian carcinoids 
will be metastatic rather than primary [2–14, 41]. Of 
the primary ovarian carcinoids, the insular pattern is 
the most commonly seen. Carcinoids arising within 
or associated with an ovarian teratoma are also rela-
tively common but vary with the pathological sub-
type. Today, it is preferable to adopt the new 
nomenclature adopted by WHO classification of 
Neuroendocrine Tumours (NETs) as deployed in 
other sites, although it is conceded, the old terminol-
ogy will be used and remains familiar to many clini-
cians [15, 16]. As well as insular carcinoids, trabecular 
carcinoids (with trabecular or ribbon pattern) are 
described and strumal tumours capable of thyroid 
differentiation. Distinguishing advanced primary 
from metastatic carcinoid is not always easy but pri-
mary tumours tend to involve one ovary whereas 
metastatic disease usually involves both ovaries. It is 
suggested that primary insular tumours may com-
monly be associated with a mature teratoma both in 
the ipsilateral and sometimes in the contralateral 
ovary [4, 5, 7, 8, 14, 17]. Finally, goblet cell carcino-
ids are described, which most probably are adenocar-
cinomas, with some degree of neuroendocrine 
differentiation although collision tumours are occa-
sionally described. The new WHO classification 
refers to these as mixed endocrine–exocrine cancers 
(MEEC), a term which is probably more useful [18]. 
This topic of mucinous tumours in the ovary is mas-
terfully reviewed by Young [19, 20].

Ovarian carcinoids (Neuro-endocrine cancers)

Primary type

Insular ± associated mature cystic teratoma
Trabecular ± associated mature cystic teratoma
Strumal carcinoid ± associated mature cystic teratoma
Mucinous carcinoid (goblet cell) ± associated mature cystic 
teratoma
Mixed endocrine–exocrine type (two or more pure types 
combined)

Metastatic carcinoids (NETs)

14.1 � Primary Insular Carcinoids 
of the Ovary

The most common variant is the insular carcinoma 
with a histological pattern similar to classical small 
bowel midgut carcinoids or NETs. They are divided 
into pure insular and insular with associated mature 
cystic teratoma. Most of the series show that they com-
monly arise in association with mature cystic terato-
mas [4, 5, 7, 8, 14, 17].

14.2 � Primary Trabecular Carcinoids 
of the Ovary

These are less common in most series (except for Soga’s 
series where they were of equal incidence) and usually 
affect post-menopausal women [5, 7, 17, 21, 22]. These 
appear to arise more commonly within a mature tera-
toma although there are rare reports of true primary tra-
becular carcinoids. These may be asymptomatic or 
present as a pelvic mass. These are said to be less 
aggressive and rarely metastasise.

Primary Ovarian Carcinoids and  
Neuro-Endocrine Tumours Including 
Struma Ovarii

Nicholas Reed 

N. Reed 
Beatson Oncology Centre, Gartnavel General Hospital, 
1053 Great Western Road, Glasgow G12 0YN, Scotland, UK 
e-mail: nick.reed@ggc.scot.nhs.uk

14

ak
us

he
r-li

b.r
u



150 N. Reed

14.3 � Primary Mucinous 
Ovarian Carcinoids

Much debate will take place as to whether these are 
neuroendocrine or mucinous adenocarcinomas or 
hybrid tumours. They may be mistaken for Krukenberg 
tumours. There are strong similarities to Goblet cell 
cancers of appendix and a review of the appendix should 
be considered. This is discussed in a superb review by 
Young, who covered the topic most thoroughly [19, 20]. 
These mixed tumours often behave more akin to adeno-
carcinomas of the gastro-intestinal tract. There is con-
siderable debate as to how best to manage them. 
Toumpanakis reviewed the topic recently [23].

14.4 � Strumal Carcinoids

Strumal carcinoids or malignant struma ovarii are of 
endodermal origin with evidence of thyroid or C-cell 
differentiation. They arise within teratomas. Mature 
cystic teratomas are common accounting for up to 20% 
of ovarian tumours and about 15% may contain thy-
roid tissue. Struma ovarii is a variant which contains in 
excess of 50% thyroid tissue. They account for about 
3% of ovarian teratomas. The incidence of malignant 
change is difficult to estimate and is certainly uncom-
mon. It is said that the incidence of malignant change 
may be between 0.1 and 0.3%. Metastases are reported 
as being very rare, probably less than 5%. Rare meta-
static cancers from the thyroid gland are also described 
and may cause diagnostic difficulties. Logani reported 
a case of thyroid carcinoma with ovarian metastases 
so, this must be excluded in all cases but is clearly a 
very rare clinical situation [24]. A recent report of four 
cases and a literature review by Roth et  al. [25] has 
expanded our knowledge and the same group have 
produced a thoughtful review which has challenged 
some of the precepts of strumal carcinoids and pres-
ents an alternative view of their behaviour [26].

The incidence seems to peak post-menopausally 
with commonest ages of diagnosis being in the fifth 
and sixth decades of life. They are rarely diagnosed 
pre-operatively and are usually incidental findings. 
They are usually unilateral and more commonly arise 
in the left ovary. The main differential diagnosis will 
be metastate differentiated thyroid cancers and care 
should be taken to exclude thyroid primary [37–39].

14.5 � Metastases

Typically, they are bilateral and multi-nodular, but are 
not usually associated with teratomas. Not only is their 
prognosis much worse, historically they usually caused 
death within 4 years. Modern surgical practises, 
together with the introduction of somatostatin ana-
logues have dramatically changed this and many 
patients with primary ovarian carcinoids will live for 
longer periods. Metastatic NETs should be referred to 
specialist teams looking after NETs as the staging and 
medical management are very different {UKNET and 
ENETs guidelines} [27, 28]. There may be a strong 
case for attempting radical debulking surgery includ-
ing small bowel and mesenteric resection, but patients 
with advanced disease may need medical preparation 
with somatostatin analogues or other treatments to get 
them fit for surgery.

14.6 � Pathology

Initially, these tumours were recognised by the pres-
ence of cytoplasmic neurosecretory granules and the 
argentophilic staining; however, modern immunochem-
istry has aided the diagnosis. Staining for Chromogranin 
A is now possible and other markers including CD56 
and synaptophysin. It is important to seek the advice 
and opinion of a pathologist with a special interest in 
Neuro-endocrine cancers [8, 9]. The reader is advised 
to refer to the chapter by McCluggage and Millan in 
this book (chapter 3).

14.7 � Carcinoid Syndrome

This occurs in about one third of ovarian carcinoids, 
although it is a misconception that classical small bowel 
carcinoids are commonly associated with carcinoid 
syndrome, as only 35–40% of these will have carcinoid 
syndrome! What is different is that ovarian carcinoids 
may be associated with carcinoid heart disease without 
liver metastases as the ovarian venous system bypasses 
the hepatic circulation by emptying into the vena cava. 
Aggressive cardio-vascular management is indicated in 
these rare situations. This will be discussed later in this 
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chapter. Two recent Japnese reports have identified dif-
ferent disease patterns [36, 42]

14.8 � Imaging

Conventional imaging with CT scan will be needed 
and additional MR scanning was required. The most 
sensitive imaging technique is usually radionuclide 
scintigraphy with 111In-Octreoscan. PET-CT if avail-
able may in time supplant this but is not universally 
available. Octreoscan imaging gives both diagnostic 
and therapeutic information. A negative scan usually 
correlates with a poorly differentiated tumour and 
implies somatostatin receptor (SSTR) negativity. Low 
response rates to somatostatin (SMS) analogues are 
thus expected and chemotherapy or novel approaches 
are required. On the other hand, a positive scan sug-
gests a high response rate to SMS. Serial Octreoscan 
imaging is also useful to assess response and correlates 
with tumour markers (see below). While not always 
universally available, 67Ga-Dotatate has improved the 
quality of imaging and may even be combined with 
FDG PET which is more likely to pick up less well 
differentiated tumours.

14.9 � Biochemical and Tumour Markers

Urine 5HIAA (5-hydroxyindoleacetic acid) has been 
the classical tumour marker but is messy, fiddly and 
questionably accurate in its collection. A urine 5HIAA 
level in excess of 50 mmol/L is usually taken as exces-
sive and abnormal but various dietary products may 
stimulate its release so a special diet so should be insti-
tuted if screening for carcinoids/NETs. Many would 
now argue that the “Gut Hormone Profile” is better and 
more accurate and Chromogranin A (CgA) levels mea-
sured serially will give good prognostic information 
[27, 28]. The profile will vary according to the local 
laboratory but most commonly chromogranins A and 
B, pancreastatin, neurotensin, VIP, gastrin, pancreatic 
polypeptide and glucagon are measured. CgA is the 
most constant and consistent although the other neuro-
peptides may be variably secreted. It is suggested 
that neuropeptide secretion correlates with tumour dif-
ferentiation and in many “non-functioning tumours” 

only CgA is abnormal. Specialist advice should be 
sought from the local laboratory as the assays of these 
neuropeptides are sensitive and need special prepara-
tion and transport to the laboratory. Serial measure-
ments are important and correspond to response and 
progression in most cases, however not all tumours are 
functional; it is more common for hindgut carcinoids 
to be non-secretory. Carcinoid heart disease has long 
been recognised as a distinct problem, principally 
affecting the right side of the heart but conventionally 
is associated with systemic disease and extensive liver 
metastases. However, ovarian carcinoids are unusual 
and may be associated with cardiac disease without 
liver metastases as the ovarian vein may drain directly 
into the inferior vena cava [29, 30]. N-terminal pro-
brain natriuretic peptide (BNP) in suspected cardiac 
disease has recently been shown to be useful in pre-
dicting those who will develop cardiac disease needing 
intervention [31].

14.10 � Management and Clinical Course

Davis et al. in their 1995 paper [17] gave an excellent 
overview of management in the previous era. Prior to 
this, much of the literature consisted of small reports, 
although Robboy et al. collected a series pathological 
reviews in the 1970s and 1080s [12]. The past 15 years 
has seen a revolution with modern immunocytochem-
istry assisting diagnosis, good imaging with CT, 
nuclear medicine imaging initially with Octreoscan 
and now PET-CT, together with reliable and accurate 
tumour markers. However, many would argue that the 
impact of the somatostatin analogues (Octreotide and 
Lanreotide) has been even more dramatic. It is thus 
very challenging to draw on this older experience and 
applying it to modern management.

In spite of this, a review of some of the historical 
data is still valuable. Although, first seemingly reported 
in 1939 with two case reports by Stewart [1], the next 
50 years mainly saw anecdotal reports or small series. 
In 1975 Robboy et  al. reviewed 48 cases of primary 
ovarian insular carcinoids in addition to the 22 in the 
literature [12]. Localised disease is associated with a 
good prognosis but 16 of 48 (33%) had carcinoid syn-
drome. Many of these were retrospectively diagnosed 
as being confused with the menopause. With careful 
questioning the flush is really quite different and often 
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provoked by alcohol, specific dietary products and 
sometimes exercise. However 62% had diarrhoea and 
other manifestations include wheezing, hypertension 
and pedal oedema. Unusually, there is a high incidence 
of cardiac involvement in primary ovarian carcinoids. 
This may be explained by the drainage of the ovarian 
vein directly into the vena cava thus bypassing the 
hepatic circulation.

Davis in 1999 presented a further 17 cases and 
reviewed the literature [17]. Eleven of their seventeen 
patients (62%) had stage 1 disease and seven of these 
had an associated mature teratoma. Five of their 17 had 
symptoms of carcinoid syndrome. One stage 1, patient 
went on to develop cardiac disease without other mani-
festations and required cardiac valve replacement with 
good outcome. They identified 316 cases in the litera-
ture of which 157 had enough detail to discuss care 
and outcome. Only 21 (13%) had carcinoid syndrome 
and the vast majority of these (90%) had insular vari-
ant. Their discussion includes the treatment of recur-
rent and metastatic disease in a small number of 
patients. Stage of disease was the best prognostic pre-
dictor with all stage 1 patients alive at 10 years.

A further paper by Timmins et al. in 1999 reported 
one additional case and re-reviewed the literature [8]. 
They made some comparisons with ovarian carcino-
mas of low malignant potential from their pattern of 
spread, although some would argue this is spurious: 
the only common link being their relatively slow pro-
gression. The main emphasis of their paper is to pro-
pose a more radical surgical debulking approach which 
is in keeping with modern surgical views of manage-
ment of small bowel carcinoids and NETs. Swedish 
data do suggest longer survival in patients who were 
managed more aggressively, although there are no ran-
domised trial data to support [32].

Soga reviewed 11,842 NETs cases and reported that 
the highest 5-year survival rate in the carcinoid group 
was noted in the ovary (93.6%), the same author also 
reported specifically on 329 ovarian carcinoids from 
the Niigata cancer registry [5–7]. Two groups were 
analysed, i.e. those with and those without associated 
mature cystic teratomas. The former group consisted of 
189 cases (57.4%) and the latter of 140 (42.6%). There 
were significant differences between the pure carcino-
ids and those arising with teratomas. The latter were 
larger, more frequently had metastases and more likely 
to be associated with carcinoid syndrome. Furthermore, 
they looked at differences between insular and 

trabecular tumours. Most previous series suggested 
insular more common but in this series they were almost 
equal, (22% vs. 24%). There were significant behav-
ioural differences between the insular and trabecular 
tumours with 39% of insular tumour patients develop-
ing carcinoid syndrome while only 7.8% occurred with 
trabecular cancers. Five year survival was 93.7% vs. 
84% respectively. Their higher incidence of trabecular 
carcinoids may explain their better prognosis.

The special issue of cardiac disease in non-meta-
static ovarian carcinoids is discussed by Botero et al. 
[29], and we now have potential markers to identify 
high risk patients [30]. These are rare developments 
and are explained by the venous drainage directly into 
the vena cava by passing the liver and causing right 
heart valvular disease, sometimes occurring many years 
after the primary diagnosis. Referral to specialist car-
diac units is strongly advised as modern cardio-vascular 
surgery has rendered valvular repair or replacement 
much safer. Rare reports include tumours arising in the 
broad ligaments [40].

14.11 � Treatment of Relapsed Disease

There are good renews of carcinoid tumors [34, 35]. 
Management of relapsed disease is usually influenced 
by presence of symptoms including carcinoid syndrome 
and rate of change of CgA or progression on imaging. 
A well and asymptomatic patient may not require any 
immediate intervention. However, initial management 
of carcinoid syndrome requires Somatostatin (SMS) 
analogue therapy [27, 28]. Some very recent data from 
the PROMID study has hinted that early treatment of 
low volume metastatic disease may delay time to pro-
gression [33]. There is probably little to choose 
between octreotide and lanreotide even though the lat-
ter may have theoretical advantages due to different 
receptor profile. However, in the author’s opinion there 
is no convincing difference and swapping from one to 
the other may occasionally lead to secondary response. 
A new analogue pasireotide is expected commercially 
within the next 2 years and a new chimeric SMS-
DOPA antagonist is under development. It is often up 
to local preference to select which product to be used. 
The management would normally be overseen by a 
specialist interested in NETs. Symptomatic responses 
occur in up to 80% while only 50–60% may show 
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biochemical response and objective imaging response 
may occur in as few as 10%. Responses last in excess 
of a year usually and sometimes for several years. On 
progression, increasing the dose or frequency of 
administration of SMS analogues may gain some addi-
tional benefit.

The next step is usually more controversial as mul-
tiple options are available and the choice will depend 
on local experience, expertise and prejudice! It will 
include the following options: hepatic artery embolisa-
tion (especially when liver metastases are predomi-
nant), interferons, radionuclide therapy, conventional 
chemotherapy and targeted novel agents. A fuller dis-
cussion of the management of relapsed disease is 
beyond the remit of this article. For more detailed 
information about management the reader is referred 
to other sources of information [27, 28, 34, 35].

Goblet cell or MEEC are also challenging and prove 
more difficult to control. Toumpanakis reviewed the 
experience at the Royal Free Hospital London. They 
should probably be best managed as for colorectal can-
cers with pyrimidine based regimes using 5 Fluorouracil 
or capecitabine and oxaliplatin [23].

14.12 � Treatment of Ovarian 
Strumal Carcinoids

There is considerable debate in the literature not only 
about the primary surgical management but also about 
the need for any adjuvant investigations and treatment. 
Most series advise that if a strumal carcinoid is diag-
nosed unexpectedly in a post-menopausal woman, or 
in one who has completed her family, then a hysterec-
tomy and bilateral salpingo-oophorectomy is advised. 
Conservative surgery may be considered in a younger 
woman with no extra-capsular spread and no associ-
ated mature cystic teratoma. However, some have 
advised that completion surgery should be carried out 
when family is completed. In cases with obvious 
spread more aggressive surgery must be advised [25, 
26, 36–39, 40– 42].

For malignant struma ovarii, post-operative care 
should involve referral for discussion of total thyroidec-
tomy and management as for differentiated thyroid car-
cinoma. Thyroidectomy is an essential pre-requisite to 
radio-iodine imaging, and ablation otherwise any 
administered radio-iodine will be taken up preferentially 

by the thyroid and not by any strumal tissue. This will 
involve whole body imaging with radio-iodine to search 
for any other functioning tissue and to destroy any resid-
ual thyroid tissue which in turn allows thyroglobulin to 
be used as a tumour marker. It is argued that this may be 
an excessive treatment but those series reporting this as 
a standard of care do report the best outcomes. Thyroid 
hormone replacement in doses which fully suppress the 
TSH is needed. Serial measurement of thyroglobulin 
has replaced whole body radio-iodine scintigraphy. 
Thyroglobulin levels should be undetectable and any 
rising levels or the development of new thyroglobulin 
antibodies is a case for investigation of possible relapse. 
To date there is no reported value of PET-CT scanning.
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15.1 � Introduction

Uterine sarcomas present a challenging group of 
tumours to manage. They represent a diverse group of 
tumours and it is argued whether they are true sarco-
mas. There is now increasing evidence that the carcino-
sarcomas (CS) – which have been known under a 
variety of names in the past – are most probably poorly 
differentiated epithelial carcinomas [1–11]. This switch 
to propose calling them CS has come from the WHO as 
well as the International Society of Gynaecological 
Pathologists. There is a proposal to adopt yet another 
term, metaplastic carcinomas which may be more help-
ful in understanding their status [1]. Their molecular 
profile suggests monoclonality from an epithelial path-
way. Nevertheless, historically these tumours have 
been lumped together and are usually treated by 
Gynaecological Cancer Specialist teams rather than 
Soft Tissue Sarcoma Specialists. Historically there 
were usually three main types of uterine sarcoma – 
malignant mixed mullerian tumour or MMMT (now 
known as carcinosarcoma (CS), endometrial stromal 
sarcomas (ESS), and leiomyosarcomas (LMS)) and a 
small proportion of unclassifiable high grade tumours 
with sarcomatous elements. There is a move towards a 
simpler classification of high grade vs. low grade 
tumours which takes cognizance of CS not being true 
sarcomas. Increasingly, CS are recognised and treated 
as being more akin to poorly differentiated endometrial 
carcinomas which is supported by their clinical behav-
iour. Furthermore, there is an increasing recognition on 
immunocytochemistry and molecular markers that the 

distinction between LMS and ESS may be more blurred 
than we previously recognised. This chapter will focus 
on CS as they most likely are different!

Traditional classification Modern classification

MMMT (carcinosarcomas)

Endometrial stromal sarcomas High grade

Leiomyosarcomas Low grade

High grade undifferentiated 
sarcomas

15.2 � Presentation

These are relatively uncommon cancers accounting for 
between 3 and 8% of all uterine malignancies. However, 
CS now seems to account for over 50% of uterine sar-
coma; historically around 40% of tumours were LMS, 
40% CS (MMMT), 15% endometrial stromal sarco-
mas and about 5% unclassifiable. Recent data suggests 
a rising incidence of CS in comparison to LMS so 
about 50–60% of sarcomas are CS in more recent 
experience. One source suggests about 17 cases per 
million populations [3–5]. While they are now consid-
ered as distinct tumours, it is often helpful to make 
comparisons between the different sarcoma subtypes 
which help us to understand their clinical and behav-
ioural patterns. Furthermore, most early series did not 
distinguish the subtypes [1, 2, 6–12] Table 15.1.

These tumours tend to present with post-meno-
pausal bleeding (PMB) and arise in the same age group 
as endometrial carcinomas. It is important to remem-
ber, there may be background causation from prior 
exposure to radiation therapy or the use of tamoxifen, 
and a good thorough clinical history should always be 
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obtained [13, 14]. There are also big differences in the 
ages at which these patients present. Leiomyosarcomas 
often occur in women of peri-menopausal age but CS 
and endometrial stromal sarcomas tend to be associ-
ated with women beyond the menopause. The peak 
incidence is reported as 62–67 years compared to 
48–54 years for leiomyosarcomas. CS also shares 
many characteristic with type II endometrial cancers 
[15]. This would be consistent with the view that CS is 
simply bad-type endometrial epithelial tumours. 
Epidemiological studies have suggested the same risk 
factors for development as EEC again supporting the 
view that they are carcinoma and not sarcomas.

They may have a history of breast cancer and tamox-
ifen exposure. There is also an increased risk of devel-
oping CS when patients had received prior pelvic 
radiation. This may be remote and up to 30 years previ-
ously, although the mean latent period will often be 
between 8 and 15 years, typically these develop on the 
edge (penumbra) of the radiation fields. Given the 
increasing use of (chemo-) radiation for cervix cancers 
it will be necessary to monitor this closely over the next 
20–30 years. This confirms the importance of establish-
ing a detailed history. The story of tamoxifen exposure 
is interesting and initially was thought to be associated 
mainly with endometrioid endometrial carcinomas, usu-
ally polypoid lesions with endometrial hyperplasia and 
only occasional evolution to cancers, but there are now 
a number of small reports of CS [13, 14]. Early reports 
suggested the usual pattern of presentation was within a 
polyp and often showed pre-malignant changes, imag-
ing with transvaginal ultrasound often shows multiple 
polyps as well as endometrial thickening. However the 
author has over 60 in his data base, and their behaviour 
is variable.

Systemic symptoms such as weight loss, loss of 
appetite and pain generally portend a more advanced 
stage at diagnosis. Until recently, there was no sepa-
rate staging system but most experts have adapted the 
FIGO staging system for endometrial cancer. In 2008, 

FIGO proposed to adopt a new system for the uterine 
sarcomas, which is being introduced in 2009 [16].

15.3 � Staging Investigations

Most will present with PMB, and the investigations 
will be as for PMB of any cause. There is often little to 
suggest that the tumour is a sarcoma rather than carci-
noma. Increasingly patients are referred to one stop 
clinics for rapid diagnosis. A full history and examina-
tion are performed, and the next steps are likely to be a 
transvaginal ultrasound (TVS) to assess uterine thick-
ness and a pipelle endometrial biopsy. Prior tamoxifen 
exposure may cause endometrial thickening due to 
hyperplasia and polyps and often gives a characteristic 
appearance. Alternatively, a hysteroscopy and curet-
tage can be performed for diagnosis. Many tumours 
will arise in polyps so removal of this may be needed. 
Some tumours do arise as isolated polyps and are true 
stage 1A and seem to have a better prognosis; it may 
be fortunate if they present with PMB and are diag-
nosed at such an early stage.

The next step will be more detailed imaging to 
assess extent of myometrial thickness and any nodal 
extension. The incidence of lymph node metastases is 
higher in CS than endometrioid endometrial cancer 
(EEC), many series report 15–30% as opposed to 
around 13–20% in endometrial carcinomas [17, 18]. 
MR scanning is generally viewed as best technique for 
local pelvic imaging whereas CT scanning will image 
the upper abdomen and chest better. Imaging should 
include the upper abdomen and chest to assess meta-
static spread. 18FDG-PET CT imaging has the potential 
to supplement or even replace both of these but is nei-
ther universally available nor universally approved in 
this setting. Functional imaging developments include 
dynamic contrast enhancement (DCE) and BOLD MR 
imaging, and Ultra Small Particles of Iron Oxide 
(USPIO) with MR but again they have yet to make 
widespread impact. Another technique which falls into 
same category is the use of sentinel lymph node biopsy. 
To date no tumour markers have yet been shown to be 
of value.

Screening programmes are not used in uterine sar-
comas but in a patient with previous breast cancer and 
tamoxifen usage, it would be prudent to advice about 
the importance of reporting PMB and investigating at 

Old classification New classification

Carcinosarcomas (MMMT) Metaplastic carcinomas

Endometrial stromal sarcomas Low grade
High grade

Leiomyosarcomas

Undifferentiated or unclassifiable High grade

Table 15.1  Pathology classifications
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the earliest opportunity. Given the increasing incidence 
of obesity, we will see more endometrial cancers and 
future health policies may consider obese women as 
candidates for screening. Primary care physicians 
should be alert to the possibility of diagnosing uterine 
malignancy in higher risk groups. Occasional patients 
may be diagnosed with small incidentally found lesions 
at the time of hysterectomy for other reasons but this is 
more likely with LMS.

15.4 � Pathology

The pathology of these tumours has caused much debate 
over the years. Recent evidence has started to allow this 
debate to be more scientific as we better understand 
these tumours and their biology. One definition in use is 
that these are carcinomas with metaplastic sarcomatous 
components hence the monoclonality of origin and 
indeed the metastases are almost universally carcinoma-
tous [1, 2, 5–12, 17–25]. Although the phenotype is a 
mixture of carcinoma and sarcoma this is now generally 
regarded as an epithelial tumour, rather than a biclonal 
malignancy, with mutations in TP53 being a common 
early event. As a reflection of their similarity to uterine 
carcinoma they are highly responsive to platinum com-
pounds and taxanes irrespective of the site of origin and 
as such are not generally treated as sarcomas. These are 
tumours that show high grade nuclear changes and bi-
phasic pattern, hence the name. Differential diagnosis 
especially on small endometrial biopsies can be chal-
lenging! Anaplastic sarcomas probably cause the most 
difficulties in interpretation. The epithelial component 
may be of any of the recognised variants of EEC, e.g. 
serous, endometrioid, mucinous, squamous, clear cell, 
undifferentiated or mixtures, although endometrioid is 
most commonly identified. Traditionally, the stromal 
component could contain smooth muscle components, 
stromal sarcoma or fibrosarcoma giving rise to the term 
“homologous”, while if the tumour contained rhab-
domyosarcoma, chondrosarcoma, osteosarcoma or 
liposarcoma elements it is known as a “heterologous” 
carcinosarcoma. The practical significance is at best 
unknown and probably of little real value. There is an 
impression that heterologous may be more aggressive, 
and in the GOG series they had slightly higher rates of 
lymph node metastases (21 vs. 15%). This distinction is 
now beginning to fall out of use as it gives little practical 

benefit although may be interesting to demonstrate at 
clinico-pathological conferences!

There are important differences in the ways in which 
these tumours grow and metastasise with CS tending to 
have a higher incidence of lymphatic spread and lymph 
node metastases, whereas LMS are more likely to have 
early haematogenous spread and the first metastases 
may well be in the lungs or the liver [17, 18, 20, 21]. 
Some recent small series have reported high levels of 
nodal disease in LMS but this does seem substantiated 
in the larger series and may reflect some degree of case 
selection. The reader is advised to refer to the separate 
section on LMS. This therefore has important implica-
tions for the investigations, staging and surgical 
management of these patients. This article focuses pre-
dominantly on the clinical management of the diag-
nosed patient, and when the diagnosis of a sarcoma is 
suspected from the initial investigations, it would be 
assumed that full radiological staging with CT and/or 
MRI of the chest, abdomen and pelvis will be carried 
out. At present there would appear to be no justification 
for routine PET-CT or other functional imaging tech-
niques which are worthy of further clinical research. 
There are no tumour markers of proven value.

There are rare reports of pure adult rhabdomyosar-
comas, chondrosarcomas, angiosarcomas and liposar-
comas. They are considered to be beyond the scope of 
the first edition of this book. The reader is advised 
to  refer to a review chapter such as the one by 
Hendrickson et al. [2].

15.5 � Surgical Management

The surgical management should involve referral to a 
specialist Gynaecological Oncology Surgeon if a carci-
nosarcoma is suspected on initial investigations. This 
will allow careful staging procedures to be carried out 
and the surgery should involve a minimum of total 
abdominal hysterectomy, bilateral salpingo-oophorec-
tomy, careful and thorough inspection of the abdominal 
and pelvic contents, sampling of fluid for cytological 
assessment of the washings and perhaps – a little more 
contentiously – pelvic and/or para-aortic lymph node 
dissection (PLND). In CS the lymph node metastases 
incidence may vary from 15 to 30% and therefore a 
staging lymphadenectomy should be considered in suit-
able fit patients (contrast this with the low incidence in 
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LMS) [17, 18, 23–25]. There will be cases where the 
diagnosis was not recognised pre-operatively and a 
simple hysterectomy and BSO is carried out without 
PLND. A dilemma arises as to whether to recommend 
re-operation and perform nodal dissection or to offer 
adjuvant pelvic radiation. This topic will be debated at 
tumour boards regularly and there is probably no right 
answer. It may be determined by the patient’s fitness, 
choice, and local prejudice and availability of services.

Following surgery the pathology should be exam-
ined by a specialist pathologist interested in gynaeco-
logical cancer and the patient’s management should be 
discussed at the local Multi-Disciplinary Team meet-
ing (MDT) or tumour board. Specialist immunocy-
tochemistry may be a valuable aid in the differential 
diagnosis of these tumours and the use of relatively 
simple techniques such as oestrogen and progestagen 
receptor (ER and PR) staining should also be carried 
out as this may provide therapeutic as well as prognos-
tic guidance. For those working in smaller centres, 
consideration should be given to discussing these 
patients with colleagues from the larger regional ser-
vices who will see these tumours more frequently. It is 
not suggested that all cases should be referred to these 
central units but networking with commonly agreed 
protocols is recommended. Ideally these should be 
recorded on a local or regional data bases and eventu-
ally aspire to national and international registries.

15.6 � Postoperative Adjuvant Therapies

Adjuvant therapies to be discussed will include radia-
tion, chemotherapy or both. There may be situations as 
above where further discussion of the need for pelvic 
lymph node dissection takes place if the original sur-
gery did not include this.

15.6.1 � To Irradiate or Not?

For many years there has been a debate about the role 
of adjuvant post operative radiotherapy in CS. The his-
torical literature from the 1960s and 1970s from non-
randomised trials would appear to show there was a 
survival advantage for adjuvant post-operative radia-
tion when compared to those patients who were treated 

with surgery alone or radiation alone [26–30]. There 
have been other more recent studies which have given 
inconsistent and discordant results [31–35]. These 
have generally come from retrospective reviews in 
larger cancer centres and have variably shown some 
improvement in local control of limited benefit but 
rarely with any survival advantage; however one has to 
question case selection and referral patterns to these 
specialist units. In the 1980s the EORTC Gynaecological 
Cancer Co-operative Group decided to address this 
question by mounting a randomised clinical trial com-
paring adjuvant pelvic irradiation with no immediate 
treatment [36]. In the 1990s the GOG set up a trial 
comparing whole abdominal irradiation (WAI) vs. 
chemotherapy with cisplatin, ifosfamide and mesna 
(CIM). These are the only two randomised large trials 
that have been carried out and their results should 
really inform us and advise us how to proceed with 
future treatments [36, 37].

The EORTC study contained 224 patients with 
stage 1 and occult stage 2 sarcomas of the uterus, with 
the majority being divided between leiomyosarcomas – 
103 cases and CS – 99 cases. They underwent total 
hysterectomy and bilateral salpingo-oophorectomy 
and it was advised that lymphadenectomy be included 
but it was optional and a local decision. They were ran-
domised to receive External Beam Radiotherapy 
(EBRT) to the pelvis or no immediate treatment. This 
study showed no survival advantage when patients 
were given adjuvant EBRT [36]. However, perhaps not 
surprisingly the patients with CS, given adjuvant radi-
ation showed a reduction in the incidence of local 
relapse, paralleling the situation in high risk endome-
trial cancer. For CS local control was 61 vs. 47%, while 
PFS was 6.2 years vs. 4.9 years and OS 8.5 years vs. 
6.8 years (see Tables 15.2 and 15.3). On the basis of 

Carcinosarcoma 
local relapse

Leiomyosarcoma 
local relapse

EBRT Obs EBRT Obs

39% 53% 56% 47%

Table 15.2  EORTC 55874 local control

Survival years CS LMS

PFS 6.2 4.9

OS 8.5 6.7

Table 15.3  EORTC 55874 survival
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this, it is difficult to justify recommending routine 
immediate use of adjuvant pelvic irradiation in this 
group of patients. Insufficient numbers underwent 
PLND to allow a meaningful analysis of the effect.

The GOG 150 study was carried out over a broadly 
similar time-span and took over 10 years to complete its 
accrual [37]. Patients were randomised either to receive 
WAI followed by a pelvic boost or chemotherapy with 
cisplatin, ifosfamide and mesna (CIM). The entry crite-
ria included stage 3 patients who had been optimally 
staged. While it shows a small survival advantage to the 
patients treated with chemotherapy, it must be conceded 
that neither group of patients fared particularly well and 
not surprisingly the patients with radiation treatment 
had lower local failure rates but with higher rates of dis-
tant metastases, whereas the converse was seen in the 
chemotherapy patients. Are there any lessons to be 
learnt from this? We know that adjuvant radiotherapy 
will improve local control but used alone seems to lead 
to higher failure rates suggesting some change in the 
biological behaviour. Therefore while we should con-
sider systemic treatment as part of the package of care, 
can we justify any place for pelvic radiation?

Is it possible to extrapolate from the situation in 
endometrial carcinomas where the same debate is 
focusing on the role of chemotherapy and radiation in 
the high risk cancers and an increasing body of opinion 
that believes these high risk cases should receive che-
motherapy with radiation, particularly if no PLND or 
positive nodes; these reports and reviews include the 
following from NSGO and PORTEC trial groups and 
Cochrane meta-analyses [38–41]. Many arguments 
were put forward to allow CS to be included in the cur-
rent PORTEC 3 trial in which high risk endometrial 
cancers are randomised post-operatively to either 
EBRT or concomitant chemo-radiotherapy followed 
by four cycles of carboplatin and paclitaxel [80].

So, how can we resolve these circular arguments? At 
present, most experts still advocate PLND for uterine 
CS, where the patient is fit. If nodes are negative EBRT 
can be omitted, but adjuvant EBRT with or without 
chemotherapy tends to be offered if nodes are positive. 
Amant has proposed a study to investigate whether 
comprehensive surgical staging is sufficient or can be 
improved by adding chemotherapy [42]. The proposed 
hypothesis is that optimal comprehensive staging may 
lead to omission of any systemic therapy. His protocol 
concept randomises optimally staged CS to no adjuvant 
therapy or 4–6 cycles of chemotherapy, but because of 

the relative rarity of the condition and lack of sexy new 
drugs it is impossible to fund such a study.

However, it still does not really justify the use of 
routine EBRT in these patients! So what about sys-
temic adjuvant treatments? The obvious clinical trial 
would be chemotherapy vs. chemoradiation. Given the 
relatively low incidence of these tumours, would it be 
possible to mount a further clinical trial, which could 
be completed in a reasonable time in which we com-
pare chemoradiation against chemotherapy alone? Or, 
alternatively, should we be considering chemotherapy 
alone vs. no treatment, particularly if the patient has 
undergone pelvic lymph node resection as proposed by 
Amant. The justification for PLND in uterine sarco-
mas still remains controversial in itself but if done 
avoids routine use of EBRT, but what should we do if 
nodes are only sampled or not done? At present the 
level one evidence suggests no survival benefit so 
EBRT should be kept for relapse.

15.6.2 � Adjuvant Hormonal Therapy

As with endometrial carcinomas, there is no proven 
benefit for the use of adjuvant therapies with hormones 
if there has been complete surgical resection. It may be 
valuable to test ER and PR status on the original sam-
ple for future reference but it has no immediate thera-
peutic gain and should be kept in hand for relapse. 
Tamoxifen alone or combined tamoxifen and a proge-
stagen may be used in the relapsed setting [43, 44].

15.6.3 � Adjuvant Chemotherapy

In this article so far the role of adjuvant chemotherapy 
has been covered only briefly. The GOG has carried out 
a number of adjuvant studies in the 1980s with doxoru-
bicin [45] or ifosfamide [46] and although there was a 
tendency to reduction in risk recurrence, the survival 
benefit was absent. In the 1990s ifosfamide with or 
without cisplatin failed to achieve a survival benefit 
[46, 47]. In 1997 Tierney, on behalf of the MRC, looked 
at adjuvant chemotherapy in all soft tissue sarcomas 
[48]. There were 264 uterine sarcomas amounting to 
17% of the total within the meta-analysis but again 
there was no convincing evidence to support the 
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routine use of adjuvant chemotherapy in sarcomas. At 
this point in time, it is probably correct to state that 
adjuvant chemotherapy remains of unproven benefit.

Other approaches that have been reported include the 
combination of adjuvant chemotherapy and radiation.  
A phase-2 study from Pautier of France in a mixture of 
uterine sarcomas, looked at three cycles of cisplatin/
doxorubicin/ifosfamide followed by external radiother-
apy and appeared to show a significant benefit compared 
to historical controlled radiation alone, 76 vs. 43% pro-
gression-free survival and 100 vs. 76% 5-year overall 
survival [49]. Manolitsas looked at the sandwiched 
treatment of chemotherapy, radiation and chemotherapy 
on a background of aggressive surgery and showed 90% 
of patient’s disease free with a combined approach com-
pared to 47% in a group who had no combined modality 
[50]. However, these are small non-randomised phase-2 
studies and it is difficult to be certain of the real benefit 
when applied to real world unselected patients. The 
EORTC GCG proposed a concept of investigating radi-
cal surgery followed by randomisation to chemotherapy 
or no treatment with the option of giving adjuvant radio-
therapy if the nodes were positive. However, history has 
shown that these studies, however well designed, take 
longer to complete than originally planned!

The role of chemotherapy is of unproven value as 
yet, however there is the danger of lumping CS together 
with other sarcomas of uterus. If we accept that CS are 
really epithelial cancers, and if we accept the newly 
emerging data on chemotherapy as an adjunct in high 
risk endometrial cancers [51], then strong consider-
ation must be given to using adjuvant schedules in the 
same way as we do for high risk carcinomas. The tra-
ditional standard treatment has been the combination 
of an anthracycline and platinum, i.e. cisplatin and 
doxorubicin (or possibly carboplatin and epirubicin) 
but less toxic options are needed. New data from 
Hoskins has shown that for relapsed disease, carbopla-
tin and paclitaxel is an effective alternative [52]. It is 
anticipated that increasingly community gynaecolo-
gists and oncologists will adopt this.

15.7 � Recommendations of Care

Following surgery, patient management should be dis-
cussed at MDT/tumour board meeting. EBRT will not 
be advised unless there is residual disease in pelvis or 
positive nodes. In cases where the nodes are not done, 

there is a conflict with the changing practise in high 
risk carcinomas where EBRT is increasingly being 
adopted but survival does not seem to be improved 
with EBRT alone. For cervical extension, vault 
brachytherapy is usually recommended. Given the data 
in NSGO 9505 trial [40], where estimated difference 
in PFS was 72–79% and for OS 74–82% in high risk 
endometrial cancers, adjuvant chemotherapy should at 
least be discussed. There is an urgent need to develop 
trials but a locally agreed policy to use chemotherapy 
which can be audited is encouraged as a second best 
setting. Later in the paper, the choices of agents in 
relapsed/advanced disease are discussed, but platinums 
and anthracyclines are the only proven agents. A recent 
report from Hoskins [52] in Vancouver has shown car-
boplatin and paclitaxel to be effective. None of these 
agents or combinations is “licensed” and unlikely to 
ever achieve such status in uterine sarcomas. Cisplatin 
and doxorubicin remains the gold standard, but carbo-
platin and epirubicin may be substituted with some 
reduction in toxicity and gain in convenience. The 
GOG investigated ifosfamide and cisplatin in a phase-2 
and this is another option but with reservations over its 
toxicity. More recently Homesley reported ifosfamide 
and paclitaxel superior to ifosfamide alone. The author 
would welcome the adoption of carboplatin and pacli-
taxel as a standard alternative by the health funding 
bodies given its safety profile and far greater conve-
nience with less toxicity [48, 53].

15.8 � Recurrent and Advanced Disease

This section will deal with patients who have recurrent 
or metastatic disease but will also include those patients 
who present with locally advanced unresectable can-
cer. The latter make up a small proportion but remain 
very challenging in terms of management. It is again 
vital to stress the significant differences between the 
different tumour sub-types when it comes to using sys-
temic treatment. Some agents that are active in CS for 
example are virtually inactive in LMS and vice versa. 
As a generalisation, the stromal sarcomas tend to have 
similar chemo-sensitivity to CS whereas the highly 
undifferentiated tumours may show transient chemo-
sensitivity but there is usually a very rapid regrowth of 
tumour within a short period of time.

Given that CS are most probably epithelial derived 
tumours, it is not surprising that the drugs that are 
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active in this condition are similar to those active in 
endometrial carcinomas. The most active agents are 
the anthracyclines, the platinums, dacarbazine and the 
taxanes, but in addition ifosfamide is a useful drug 
although it carries a greater risk of toxicity and incon-
venience of scheduling. A very comprehensive recent 
review of systemic chemotherapy in uterine sarcomas 
from Canada is highlighted, [54]. From a historical 
point of view the earlier studies used doxorubicin 
(Adriamycin) as a single agent or combined with dac-
arbazine, cyclophosphamide or both and achieving 
around 10% response rate [55–58]. During the late 
1980s and early 1990s cisplatin was introduced and 
single agent activity ranged between 18 and 40% [59–
63] and at the same time ifosfamide was reported by 
Sutton with 32% response rates [61, 62]. Some of the 
earlier reports are difficult to interpret as they do 
include both CS (MMMTs) and leiomyosarcomas (see 
Tables 15.4 and 15.5).

Carcinosarcomas Leiomyosarcomas

Platinums Doxorubicin

Anthracyclines Ifosfamide

Taxanes Dacarbazine

Ifosfamide Gemcitabine
Docetaxel
Trabectedin

Again during the 1980s and 1990s we moved on from 
single agent to combined agents and doxorubicin was 
combined with dacarbazine (DTIC) or cyclophosph-
amide [55, 56]. Single agent activity varied between 10 
and 25% whereas, combined agents between 19 and 
30%. Jumping a decade to the 1998 Sutton on behalf of 
the GOG [64] showed that ifosfamide and cisplatin had 
a 54% response rate compared to 36% for ifosfamide 
alone and this has probably been considered the standard 
schedule until relatively recently. The EORTC 55923 
protocol used cisplatin, ifosfamide and doxorubicin and 
achieved a 54% response rate in CS and endometrial 
stromal sarcomas [65] as did a Japanese group [66] while 
Leyvraz used high dose ifosfamide and doxorubicin and 
achieved 77% response rate but the numbers were small 
and it must be speculated that the patients were carefully 
selected, furthermore routine use of growth factors was 
advised [67, 68]. Lorigan on behalf of the EORTC Soft 
Tissue and sarcoma group compared ifosfamide with 
doxorubicin and showed no significant difference and 
they are now comparing doxorubicin with ifosfamide 
and doxorubicin in their current trial [69].

Other more recent studies have investigated pacli-
taxel [70], carboplatin and paclitaxel [48, 70–72] 
which, not surprisingly, does show reasonable activity, 
and most recently Homesley, from the GOG, reported 
on a phase-3 trial of ifosfamide vs. ifosfamide and 
paclitaxel showing a small advantage to the combina-
tional approach [53].

Single agent activity

Single agent Response rate (%) Histological type Author Reference

Doxorubicin 16 Any Omura [45]

Doxorubicin 19 Any Muss [56]

Doxorubicin HD   0 CS Gershenson [57]

Cisplatin 19 CS Thigpen [60]

Cisplatin 43 CS Gershenson [61]

Cisplatin   3 LMS Thigpen [62]

Ifosfamide 32 CS Sutton [46, 63, 81]

Ifosfamide 17 LMS Sutton [83]

Ifosfamide 33 ESS Sutton [81]

Paclitaxel   9 LMS Sutton [84]

Paclitaxel   8 LMS Gallup [85]

Topotecan 11 LMS Miller [86]

Trabectedin NS LMS Schoffski [76]

Table 15.4  Single agent activity in different types of uterine sarcomas

ak
us

he
r-li

b.r
u



164 N. Reed

Unfortunately, ifosfamide remains an inconvenient 
drug to use and is associated with considerable morbid-
ity particularly in older patients with bulky disease. It 
was therefore very encouraging to read a recent phase-2 
report from Hoskins in Canada which they gave their 
experience with carboplatin and paclitaxel [48] in addi-
tion to the smaller earlier reports of this combination 
[70–72]. This combination clearly shows considerable 
activity and there were 40 patients reported, 28 of whom 
were newly diagnosed and 12 relapsed. Of the 20 evalu-
able patients 12 responded (5 CR and 7 PR) giving a 
60% response rate and of the relapsed and recurrent 
patients previously treated, 6 out of 11 responded (2 CR 
and 4 PR). Median progression-free survival was 16 and 
12 months respectively for these two groups. The attrac-
tion of this schedule is that it’s well-known, easily used 
and so much more convenient than the ifosfamide 
regimes. It is difficult to conceive whether there will be 
any larger randomised controlled studies to try and bring 
this into routine practise, the numbers of patients are 
relatively small and we will probably see other phase-2 

studies giving a similar level of benefit. Nevertheless, it 
is very likely that this will become accepted as the stan-
dard of care over the course of the next few years.

More recent papers have looked at using liposomal 
doxorubicin along with paclitaxel, the combination of 
cisplatin, adriamycin and dacarbazine, and a non-plat-
inum regime of topotecan with paclitaxel but have 
failed to make a great impact [73–75]. Trabectedin has 
been investigated in soft tissue sarcomas with potential 
interest [76]. Surgical resection of isolated lung metas-
tases has been used selectively in sarcoma patients but 
it is unusual in CS to see isolated and slow-growing 
lung or liver lesions suited for this approach [77–79].

In terms of further development this is likely to come 
from the use of targeted agents and, not surprisingly, 
there is an increasing and booming literature on a vari-
ety of targeted agents in these tumours. At present, none 
of these has reached the stage where they can be recom-
mended for clinical use outside the context of a clinical 
trial, but the author anticipates that within 5 years these 
will become part of the standard treatment.

Combination Response rate (%) Histological type Author Reference

Vincristine/actinomycin/
cyclophosphamide

26 Any Hannigan [58]

Doxorubicin/dacarbazine 24 Any Omura [55]

Doxorubicin/cyclophosphamide 19 Any Muss [56]

Cyclophosphamide/doxorubicin/
cisplatin

76 CS Willemse [59]

Cisplatin/doxorubicin/dacarbazine 33 CS Baker [73]

Pegylated liposomal doxorubicin/
paclitaxel

19 CS Campos [74]

Doxorubicin/ifosfamide + G-CSF 77 CS Leyvraz [67, 68]

Topotecan/paclitaxel 29 CS Fuller [75]

Cisplatin/ifosfamide 54 CS Sutton [48, 64]

Cisplatin/doxorubicin/ifosfamide 54 CS van Rijswijk [65]

Ifosfamide/paclitaxel 45 CS Homesley [53]

Carboplatin/paclitaxel 60 CS Hoskins [52]

Doxorubicin/ifosfamide 30 LMS Sutton [70, 88]

Doxorubicin/ifosfamide 55 LMS Leyvraz [67, 68]

Mitomycin/doxorubicin/cisplatin 23 LMS Edmonson [87]

Docetaxel/gemcitabine 53 LMS Hensley [72, 89]

Table 15.5  Response rates for different combination regimens in uterine sarcoma
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15.9 � Conclusions

Uterine sarcomas are relatively uncommon tumours. 
The only curative treatment remains surgical and most 
experts would advise including pelvic lymphadenec-
tomy. At present there is no convincing data to support 
the use of adjuvant pelvic radiation treatment when 
there has been complete macroscopic removal. 
Radiotherapy in CS remains unproven in terms of sur-
vival benefit, even though it may improve local con-
trol. However, the use of chemotherapy should strongly 
be considered given the fact that these tumours have a 
high incidence of relapse and their similarity to high 
risk endometrial carcinomas. The judgement may be 
to offer delayed rather than immediate radiation ther-
apy for salvage. Newer and better agents are required 
and we need to await and see if any of the newer tar-
geted agents can establish a role.
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16.1 � Introduction

Uterine sarcomas present a challenging group of tumours 
to manage, but the focus in this chapter will be on uterine 
leiomyosarcomas (LMS) [1]. Nevertheless, historically 
these tumours have been lumped together with carcino-
sarcomas and are usually treated by Gynaecological 
Cancer Specialist teams rather than Soft Tissue Sarcoma 
Specialists. Historically, they were usually considered to 
be three main types of uterine sarcoma: malignant mixed 
Mullerian tumour (MMMT) (now known as carcinosar-
coma (CS)), endometrial stromal sarcomas (ESS), LMS 
and a small proportion of unclassifiable high-grade 
tumours with sarcomatous elements. LMS have been 
described as malignant neoplasms differentiated as 
smooth muscle [2]. While they may arise in other sites 
such as the stomach and retroperitoneum, they account 
for around 30–40% of the uterine sarcomas and broad 
ligaments [1]. Rare primary ovarian LMS are described 
but will be briefly covered elsewhere, and even rarer are 
cervical and vaginal LMS.

Traditional classification

MMMT (CS)

LMS

ESS

Undifferentiated/unclassifiable

This definition of LMS itself raises issues over 
how the smooth muscle phenotype is defined, but 
more of this shortly. In routine practice the traditional 
terms are still frequently employed, and therefore, the 
author has retained the usage of CS, ESS, LMS and 
undifferentiated sarcomas for the purpose of this 
review, but a plea is made for some form of interna-
tional consensus on usage among pathologists and 
gynaecological oncologists. Unfortunately, although 
LMS may often be “pure”, examples of mixed tumours 
have been reported, confusingly raising the possibil-
ity that the aetiology and clonality may be even more 
indistinct. This chapter will now focus on LMS 
(Table 16.1).

16.2 � Incidence and Epidemiology

Uterine sarcomas are relatively uncommon cancers 
accounting for between 3–8% of all uterine malig-
nancies [1–14]; traditionally it was recognised that 
almost 50% were LMS. LMS make up a significant 
proportion of soft tissue sarcoma, being more com-
mon than non-gynaecological LMS. While in CS 
there may be background causation from prior expo-
sure to radiation therapy or the use of Tamoxifen for 
CS, until recently there has been no known aetiology 
for LMS. Recent data has suggested a molecular aeti-
ology through disturbance of the AKT/P13 kinase 
and mTOR pathways [15]. However, there are differ-
ences in the ages at which these patients present. 
LMS often occur in women of peri-menopausal age, 
while CSS and ESS tend to be associated with women 
beyond the menopause, the peak incidence being in 
the 60s [8–10].
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LMS account for 1–2% of uterine malignancies. 
Historically, the incidence of LMS and CS showed 
approximate parity with each accounting for almost 
half of uterine sarcomas, but recent data would suggest 
CS are now more frequent or being recognised more 
frequently, although the incidence of LMS has proba-
bly changed little [1]. It is not clear why, but this author 
has hypothesised better pathological diagnostic tech-
niques and recognition, perhaps due to increased 
awareness and more involvement and input into tumour 
boards by specialist gynaecological pathologists. 
Immunocytochemical techniques have also greatly 
improved and help to sort the wheat from the chaff!

One frequently debated question is whether LMS 
arise from benign leiomyomas or fibroids? The answer 
is yes, it can happen, but it seems only very infrequently. 
About 1 in 800 smooth muscle tumours of uterus is an 
LMS, but less than 1% of women with fibroids will 
develop smooth muscle tumours; some studies suggest 
as rarely as one in 1,000 [6–8]. There is also a differ-
ence in age at diagnosis for simple leiomyoma com-
pared to LMS; it is usually about a decade difference 
being early 40s for leiomyomas and early 50s for LMS. 
Recent data has demonstrated the potential role of the 
AKT-P13 kinase, mTOR and IGFR pathways and not 
only is this exciting for improving our understanding 
and aetiology, but also offers new therapeutic potential 
targets [15, 16].

16.3 � Presentation

While CS often present with post-menopausal bleed-
ing, LMS are most often diagnosed in peri-menopausal 
women. Many are found incidentally when hysterec-
tomy is carried out for menorrhagia. There are no spe-
cific presenting symptoms for LMS. Vaginal bleeding, 

pain or a pelvic mass may be found. When patients 
have dysfunctional vaginal bleeding, they may attend 
a one-stop clinic for trans-vaginal scanning (TVS) and 
a uterine biopsy, but these may be unhelpful especially 
if the tumour remains intra-mural. If the diagnosis is 
suspected pre-operatively, full-body CT scanning 
must be carried out to assess any potential spread to 
the lungs and liver. TVS may raise suspicions of an 
LMS, but is not usually diagnostic.

There are important differences in the ways in which 
these tumours grow and metastasise with CS tending to 
have a higher incidence of lymphatic spread and lymph 
node metastases, whereas LMS are more likely to have 
early haematogenous spread and the first metastases 
may well be in the lungs or the liver [9, 11, 12, 17, 18]. 
While much weight is placed on the important paper by 
Major et al., other smaller series have suggested higher 
rates of pelvic and para-aortic lymph node metastases 
[11–14, 17, 18]. This, therefore, has important implica-
tions for the investigations, staging and surgical man-
agement of these patients. This article focuses 
predominantly on the clinical management of the diag-
nosed patient, and when the diagnosis of a sarcoma is 
suspected from the initial investigations, it is assumed 
that full radiological staging with CT and/or MRI of the 
chest, abdomen and pelvis will be carried out [19]. At 
present, there would appear to be no justification for 
routine 18FDG-PET CT; however, where it is readily 
available, it may be offered. Potentially, it will be valu-
able in faster growing, aggressive tumours, but it may 
show false negative in the better differentiated, slower 
growing variants. There are no tumour markers of 
proven value as yet.

Unfortunately, many cases are only diagnosed 
from the pathological sections of the hysterectomy 
specimen, which will not usually have been planned 
as a cancer operation. Referral should be made to the 
local specialist team to advise on further manage-
ment. A more difficult situation is when the tumour is 
diagnosed unexpectedly from a myomectomy or hys-
terectomy specimen in a pre-menopausal woman, 
with ovarian conservation. There is some debate 
about whether it is safe to retain the ovaries, but on 
balance it seems that it is not unreasonable. Ovarian 
castration may have potential therapeutic effect in 
the pre-menopausal woman, especially if the tumour 
is shown to be ER/PR positive. A further point of 
debate is whether oophorectomy should be offered at 
time of relapse. The less aggressive tumours with 

Old classification New classification

Carcinosarcomas (MMMT) Carcinosarcoma or 
metaplastic carcinomas

Endometrial stromal sarcomas Low grade

Leiomyosarcomas High grade

Undifferentiated or unclassifiable High grade

Table 16.1  Pathology classifications
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lower mitotic rates are more likely to be ER and/or 
PR positive [20, 21].

16.4 � Pathology

The differential diagnosis of uterine LMS will include 
a number of conditions. They will range from simple 
leiomyomas, smooth muscle tumours of unknown 
malignant potential through to highly aggressive vari-
ants. A number of parameters are helpful in assessing 
risk of recurrence and these include the number of 
mitoses per 10 HPF (high power fields), ki 67 index, 
necrosis, cellular atypia and lymphovascular space 
invasion (LVSI). Expert gynaecological pathology 
opinion is strongly recommended. Most of these 
tumours arise in the myometrium, hence they are intra-
mural, and about 50–75% are solitary masses. They 
may be more haemorrhagic and necrotic as well as be 
larger than simple leiomyomas which may be recogn-
ised at time of surgery and give early warning of a dif-
ferent diagnosis. The table below lists some of the 
useful differentiating features [2, 3, 5, 7, 11]. The less 
well-differentiated tumours prove the greatest patho-
logical challenges.

Additionally, tumours are seen with indeterminate 
appearances; there are features suggestive of a 
smooth muscle tumour, but without the classical fea-
tures of an invasive tumours. These tumours have an 
uncertain behaviour, hence the terminology of a 
STUMP – smooth muscle tumour of unknown malig-
nant potential. These patients do need more careful 
follow-up as a small proportion will ultimately 
relapse [22].

The increased rate of diagnosis around the meno-
pause does raise the possibility of hormonal associa-
tion, but this is difficult to substantiate. However, 
some recent data show a new and critical role for the 
AKT-mTOR pathway [15] in smooth muscle transfor-
mation and leiomyosarcoma genesis and support treat-
ment of selected sarcomas by the targeting of this 
pathway with new compounds or combinations of 
these with conventional chemotherapy agents 
(Hernando). Another potential target under investiga-
tion is the insulin-like growth receptor (IGFR) with 
studies under development in several tumour sites 
including LMS [16].

Leiomyoma

Degenerating leiomyoma Conditions that may 
be confused with 
leiomyomasBenign metastasising leiomyoma

Leiomyomatosis peritonealis

Intra-venous leiomyomatosis

STUMP Unpredictable 
clinical behaviour

LMS

  Epithelioid LMS

  Myxoid LMS

Alternative differentiation,  
e.g. myxoid vs. epithelioid
Increased cellularity
Marked cytological atypia
Lymph node metastases
Mitotic count – (mitoses per 10 HPF)
Lymphovascular space invasion
Necrosis

16.5 � Surgical Management

Many of these tumours will not be recognised pre-
operatively and thus will be operated on by commu-
nity gynaecologists because of menstrual symptoms. 
These tumours are commonly only detected on pathol-
ogy reporting of a uterus removed for menorrhagia or 
simple fibroids. Furthermore, in this setting, a simple 
hysterectomy is likely to have been done, sparing the 
ovaries and without full staging as would have been 
done for a cancer. If suspected pre-operatively, the sur-
gical management should involve referral to a special-
ist Gynaecological Oncology Surgeon for further 
management. This will allow careful staging proce-
dures to be carried out including discussion of the 
place of lymphadenectomy; and the surgery should 
involve a minimum of total abdominal hysterectomy, 
bilateral salpingo-oophorectomy (this should at least 
be discussed in pre-menopausal women), careful and 
thorough inspection of the abdominal and pelvic con-
tents, and sampling of fluid for cytological assessment 
of the washings [21, 22]. In post-menopausal women, 
full surgical staging is advised; however, in the younger 
woman keen to preserve ovaries, there is no evidence 
to support that conserving the ovaries is detrimental. 
However, when the diagnosis was not recognised 
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pre-operatively and is only identified at pathological 
examination, individual discussions will ensue to 
debate the pros and cons of further surgical interven-
tion, but most experts in the literature do not argue that 
this is needed given the uncertainties over benefit of 
lymph node dissection and oophorectomy. It can be 
argued that because the incidence of lymph node 
metastases is low, about 4–7% from the Gynaecology 
Oncology Group (GOG) experience, PLND is pre-
dicted to be of limited benefit and most experts do not 
advocate its use [14, 17, 18]. Nevertheless, if pelvic 
nodes are seen on imaging, they can be removed and 
referral should be made to a specialist surgeon; equally 
if nodes are identified at surgery, attempts should be 
made to remove them. Other series have suggested 
high rates of involvement, but these have often had 
small numbers. The Mayo clinic series of 208 patients 
indicated 93% had simple hysterectomy only and 36 
of the 208 had PLND [14]. Only four of these (11%) 
had confirmed positive nodes. Other series from 
Gadducci et al., Chauvenic, Bell et al. and Dinh et al. 
tend to confirm that incidence of lymph nodes is low, 
although relatively few underwent lymphadenectomy 
[3–5, 11–13, 17, 18].

Specialist immunocytochemistry may be a valuable 
aid in the differential diagnosis of these tumours and 
the use of relatively simple techniques such as oestro-
gen and progestagen receptor (ER and PR) staining 
should also be carried out as this may provide thera-
peutic as well as prognostic guidance [20, 21]. The dif-
ferential diagnosis will also include the possibility of a 
gastro-intestinal stromal tumour (GIST) and assess-
ment for c-kit should be carried out. Other potentially 
confusing diagnoses include degenerating leiomyo-
mas, leiomyomatosis, benign metastasising leiomy-
oma and disseminated peritoneal leiomyomatosis. 
Poorly differentiated sarcomas will additionally cause 
diagnostic challenges, again emphasising the skills of 
an expert gynaecological pathologist.

Conditions confused with LMS

Degenerating leiomyomas

Intra-venous leiomyomatosis

Benign metastasising leiomyoma

Disseminated peritoneal leiomyomatosis

ESS with myoinvasion

CS and undifferentiated sarcomas

16.6 � Post-Operative Care

16.6.1 � Adjuvant Treatments

In principle, however, there are four main types of 
treatment that may be considered – radiation therapy, 
chemotherapy, hormonal therapy and, more recently, 
the use of biological or molecular-targeted anti-cancer 
agents. However, it is important to remember that these 
treatments may be combined or used sequentially. The 
article will also distinguish between the use of adjuvant 
treatment and the treatment for recurrent or metastatic 
disease.

The role of adjuvant treatments in LMS is probably 
less controversial, mainly because of the lack of evi-
dence, although this has not stopped some from advo-
cating its use!

16.6.2 � Radiation Therapy

It should be stated clearly that no randomised trial has 
shown a survival benefit in uterine LMS. It will be 
demonstrated that a number of non-randomised stud-
ies and reports from large centres suggest improved 
local control and even a survival benefit, but there is no 
level one evidence. Local relapse may occur, but is 
usually associated with the more adverse risk factors, 
including incomplete local excision and poor prognos-
tic pathological factors; furthermore, local relapse will 
often occur along with distant metastasis and repre-
sents a very poor prognostic sub-group with very 
shortened life expectancy. These tumours tend to show 
a pattern of distant metastatic spread with a lower inci-
dence of lymph node metastases in the pelvis; there-
fore, adjuvant radiation is less likely to offer any benefit 
[23–32]. Historically, many of the smaller series have 
suggested an improvement in local control and possi-
bly a survival benefit when adjuvant pelvic external 
beam radiation (EBRT) is given. However, until 
recently none of the larger studies has supported this 
and there is no randomised trial supporting the use of 
EBRT to the pelvis. The GOG 20 study investigating 
adjuvant chemotherapy with doxorubicin reported by 
Hornback et  al. allowed use of EBRT, but it did not 
seem to show any benefit [29]. The large Mayo clinic 
series also failed to show any benefit. In this study 
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most of the first recurrences in the irradiated patients 
were outside of the pelvis. A recent large retrospective 
series from California has suggested a survival benefit 
with added radiation, but no randomised trial has 
shown a survival benefit [33].

The only randomised trial to include LMS has been 
the EORTC 55874 trial [34]. This study compared 
adjuvant radiation therapy vs. observation in uterine 
sarcomas. It included 103 LMS; there was a small but 
non-significant reduction in local failure (22 vs. 26) and 
no survival advantage. Substantially more patients 
developed distant failure in the adjuvant radiotherapy 
arm (27 vs. 16). It has, therefore, been the author’s pol-
icy to advise that adjuvant radiation should be withheld 
in women with leiomyosarcoma of the uterus where 
there has been complete macroscopic removal of 
tumour. This policy is very distressing as it is recogn-
ised that these are often young and middle-aged women 
with a high risk of relapse and yet we knowingly with-
hold adjuvant treatment, but there remains no firm evi-
dence to give treatment which has not been shown to be 
of benefit. New and effective adjuvant treatments are 
desperately required (Tables 16.2 and 16.3).

Data extracted from EORTC 
55874 series for LMS

LMS n = 99

EBRT Observe

No local recurrence 22 26

Local recurrence only   1   7

Distant metastases 18   7

Local followed by distant   0   2

Distant followed by local   2   3

Simultaneous local and distant   7   4

Any local recurrence 10 12

Any distant metastases 27 16

For cases with residual disease following surgery, 
adjuvant radiation with or without chemotherapy 
should be considered and discussed at tumour boards 
on an individual basis. The choice of agents will be 
discussed in the next section. These tumours have an 
unpredictable behaviour ranging from highly aggres-
sive to very indolent; some of the most aggressive 
tumours metastasise and lead to death within 9–18 
months and yet paradoxically a further sub-group has 
a remarkably indolent behaviour where recurrence 
might take 10–15 years to manifest. These latter 
tumours have a greater tendency to be ER/PR positive 
and routine testing for ER/PR status should be consid-
ered on the initial hysterectomy specimen so that this 
can be offered at the appropriate time [20, 21]. Again, 
it is advised that these patients are considered for long-
term follow-up and the case can be made for continu-
ing annual review beyond 10 years in view of this risk. 
In summary, one cannot advocate any adjuvant thera-
pies in this setting outside a clinical trial or protocol.

There is a sub-group of these tumours sometimes 
known as STUMP where the mitotic rate is very low; 
these patients have a low risk of metastatic spread and 
adjuvant treatment should be withheld [22]. The need 
for follow-up in these women remains controversial, but 
the author favours follow-up as a small proportion will 
relapse. An annual chest radiograph may be advisable, 
but whether it is reasonable to offer annual CT scanning 
is unknown and often debated at tumour boards.

16.6.3 � Adjuvant Chemotherapy

In this article so far, the role of adjuvant chemotherapy 
has been covered only briefly [35–37]. Historically, 
studies have often included both CS and LMS, which 
has confused the picture [38–49]. Others have extrapo-
lated from the use of chemotherapy in soft tissue sar-
comas of other parts [35]. Adjuvant studies have also 
drawn on the experience in advanced cases, using 
drugs which have shown efficacy in this setting.  
A good recent example of this is the development of 
gemcitabine and docetaxel in the adjuvant setting hav-
ing been shown to be active in advanced disease [50, 
51]. The GOG has carried out a number of adjuvant 
studies in the 1980s with doxorubicin or ifosfamide 
[39, 41, 42], and although there was a tendency to 
reduction in risk of recurrence, the survival benefit was 

Carcinosarcoma 
local relapse

Leiomyosarcoma 
local relapse

EBRT Obs EBRT Obs

39% 53% 56% 47%

Table 16.2  EORTC 55874 local control

Survival years CS LMS

PFS 6.2 4.9

OS 8.5 6.7

Table 16.3  EORTC 55874 survival
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absent. In 1997, Tierney et al., on behalf of the MRC, 
reviewed adjuvant chemotherapy in all soft tissue sar-
comas [36]. There were 264 uterine sarcomas amount-
ing to 17% of the total within the meta-analysis, but 
again there was no convincing evidence to support the 
routine use of adjuvant chemotherapy in sarcomas.  
A further paper from Bramwell showed similar lack of 
benefit [37]. A recent Italian study which used epirubi-
cin and ifosfamide has generated much interest in that 
it showed strong benefit for chemotherapy, but these 
were spindle cell sarcomas of the extremities [35]. We 
are falling into the trap of comparing apples and 
oranges! At this point in time, it is probably fair to say 
that adjuvant chemotherapy remains of unproven ben-
efit in LMS. This is an ideal setting for further clinical 
studies, with conventional and newer agents. A recent 
report on adjuvant gemcitabine and docetaxel will be 
discussed shortly [50, 51].

Other approaches that have been reported include 
the combination of adjuvant chemotherapy and radia-
tion. The following have been investigated in both CS 
and LMS. A phase II study from Pautier, from France, 
of a mixture of uterine sarcomas looked at three cycles 
of cisplatin/doxorubicin/ifosfamide followed by exter-
nal beam radiotherapy and appeared to show a signifi-
cant benefit compared to historical controlled radiation 
alone, 76 vs. 43% progression-free survival and 100 vs. 
76% 5-year overall survival [52]. A report from an 
Australian Group by Manolitsas looked at the sand-
wiched treatment of chemotherapy, radiation and che-
motherapy on a background of aggressive surgery and 
showed 90% of patients are disease free with a com-
bined approach compared to 47% in a group who had 
no combined modality [53]. However, these are small 
non-randomised phase II studies and it is difficult to be 
certain of the real benefit. What is required are well-
conducted randomised clinical trials. However, history 
has shown that these studies, however well-designed, 
take longer to complete than originally planned! Shortly, 
we shall address newer options in advanced LMS and 
clearly these agents need to be incorporated into future 
clinical studies of adjuvant therapy in LMS.

The most recent paper from Hensley et al. may give 
a little encouragement [51]. Following on from their 
earlier papers on docetaxel and gemcitabine in relapsed 
disease, they treated 25 patients with stage 1–4 com-
pletely resected uterine LMS with this schedule. Of the 
18 with stage 1 or 2 disease, 59% were progression-
free at 2 years. This is quite intensive treatment for a 

relatively small gain, but represents some progress. 
The data need validation and should be investigated in 
a randomised clinical trial. The earlier reference to 
molecular pathways gives hints that there is potential 
to develop targeted agents aimed at these pathways. 
Several potential compounds should be considered 
from future investigation [15, 16].

In summary, this author is firmly of the view that at 
the time of writing (in 2009), there is no compelling 
evidence to support the use of adjuvant chemotherapy 
or radiation outside the setting of a clinical trial in a 
patient with no residual disease. International collabo-
ration is needed to achieve these studies. The data from 
Sloan Kettering on docetaxel and gemcitabine must 
still be considered interesting but premature [51].

16.7 � Recurrent and Advanced Disease

This section will deal with patients who have recurrent 
or metastatic disease, but will also include those 
patients who present with locally advanced unresect-
able cancer. The latter make up a small proportion, but 
remain very challenging in terms of management. It is 
again vital to stress the significant differences between 
the different tumour sub-types when it comes to using 
systemic treatment. Some agents that are active in CS, 
for example, show minimal activity in LMS and vice 
versa. As a generalisation, the stromal sarcomas tend 
to have similar chemo-sensitivity to CS, whereas the 
highly undifferentiated tumours may show transient 
chemo-sensitivity, but there is usually a very rapid 
regrowth of tumour within a short period of time.

16.8 � Recurrent or Locally Advanced 
Leiomyosarcomas

These are very challenging tumours to treat. Firstly, 
they do have a much more unpredictable behaviour 
ranging from the highly lethal tumours which can 
cause death within 1–2 years to a sub-group where 
there is a much delayed late pattern of relapse. Surgical 
discussion should be considered in cases with appar-
ently isolated relapse; this has been reviewed by 
Giuntoli et al. and demonstrates that selective re-oper-
ation can be highly effective [54]. This approach is 
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best discussed at tumour boards, but in selective cases 
can be very rewarding. Detailed imaging and review 
will help to optimise this approach.

16.8.1 � Hormonal Therapies

These latter tumours are sometimes strongly ER and/or 
PR positive and this should be checked on the initial 
specimen and any biopsy from recurrent tissue where 
possible. The use of hormonal therapy in appropriate 
patients will clearly be determined by the ER/PR posi-
tivity and clinical status [20, 21]. Prognostic risk factors 
include the number of mitoses per 10 HPF, necrosis, 
LVSI and tumour grade. Fewer than 10 mitoses per HPF 
is usually a low risk, whereas when there are more than 
20 mitoses per 10 HPF, it is more predictable that there 
will be an early pattern of relapse and a more aggressive 
behaviour. At present, there is no proven benefit for 
adjuvant treatment in the early setting, and therefore, 
hormones and chemotherapy are usually conserved 
until relapse and the features described above are taken 
into account. One final point is to ensure that the tumour 
is not a GIST and appropriate immunocytochemical 
analysis for c-kit and other markers should be carried 
out as these tumours are treated in a very different way.

16.8.2 � Chemotherapy

Most of the published trial data has come from the 
GOG. The GOG has investigated a number of agents 
through a series of phase II and III studies dating back 

to the early 1980s. Single agent drugs with demon-
strated activity include doxorubicin, ifosfamide and 
dacarbazine, and older data would indicate between 
17–25% response rates [38–46]. Cisplatin has less than 
10% response rate [43, 44]. Omura et al. studied doxo-
rubicin with or without dacarbazine in women with 
advanced or metastatic uterine sarcomas and reported 
response rates of 30 and 25%, respectively, among 
women with LMS. The activity of doxorubicin was 
confirmed in a subsequent phase III study by the GOG 
[39]. Muss et al. reported doxorubicin alone or in com-
bination with cyclophosphamide administered to 
patients with advanced uterine sarcomas [41]. Twenty 
three patients with LMS were evaluable for response 
and three partial responses (response rate 13%) were 
observed. Lorigan et  al. reported from the EORTC 
study of all types of STS in which doxorubicin was 
compared to ifosfamide in two different schedules and 
showed no significant difference in outcome between 
the two schedules [55]. Doxorubicin (Adriamycin) has 
consistently been shown to be the most active agent in 
older drug trials (Table 16.4).

Other drugs have been investigated; cisplatin was 
found to be an inactive drug in LMS [43, 44]; topote-
can is another inactive agent in LMS [49]. In a phase II 
study of ifosfamide, 17.2% patients responded, while 
in a subsequent study, ifosfamide and doxorubicin 
were combined to yield a 30.3% response rate. 
Paclitaxel produced a response rate of 12% in another 
GOG trial [48, 54]. Gemcitabine has been one of the 
few agents with activity in these tumours with an 
observed response rate of 20.5% [56]. Hensley et al. 
combined gemcitabine with docetaxel and reported a 
response rate of 53% in 34 patients, some of whom 
had failed doxorubicin therapy [50].

Single-agent activity

Single agent Response rate (%) Histological type References

Doxorubicin 16 Any Omura et al. [39]

Doxorubicin 19 Any Muss et al. [41]

Cisplatin   3 LMS Thigpen et al. [43, 44]

Ifosfamide 17 LMS Sutton et al. [42, 45]

Paclitaxel   9 LMS Sutton et al. [48]

Paclitaxel   8 LMS Gallup et al. [54]

Topotecan 11 LMS Miller et al. [49]

Table 16.4  Single-agent activity in different types of uterine sarcomas
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16.8.3 � Combination Therapy

Combining ifosfamide and doxorubicin increases the 
response rate to 30%, but overall survival was relatively 
short in these patients, usually between 9 and 12 months 
[47, 57]. Following from their previous study [55], the 
current EORTC trial 62012 is comparing single agent 
doxorubicin with doxorubicin plus ifosfamide and con-
tinues to recruit. This will be important as being able to 
withhold ifosfamide has many advantages, given its 
high toxicity and need for in-patient stay.

Sutton, on behalf of the GOG, reported on doxoru-
bicin and ifosfamide with a 30% response rate in 33 
patients, whereas Leyvraz et al., using the higher dose, 
achieved a 55% response in 17 patients, but use of 
growth factors was routinely given [47, 57], although a 
later follow-up report suggested only 48% response 
rate. Other combinations have added in methotrexate 
and etoposide, but again generally without great ben-
efit. Single agent paclitaxel and topotecan have been 
very disappointing in uterine LMS [48, 49, 54].

Because of preliminary observations favouring the 
use of mitomycin, doxorubicin and cisplatin (MAP) 
chemotherapy in LMS, the GOG investigated this 
combination [58], but they demonstrated only moder-
ate activity with 9% achieving a CR and 14% receiving 
a PR, giving an overall response rate of 23%.

All of this was relatively disappointing; however, a 
report from Sloan Kettering Hospital attracted interest 
using docetaxel and gemcitabine, including previously 
treated patients with a 53% response rate in 34 patients, 
29 of whom had LMS [50, 51]. Neither drug individu-
ally had shown particularly high activity, but some-
what surprisingly when combined produced superior 

response rates indicating some form of synergy. This 
schedule is quite toxic and may require the use of 
growth factors, but nevertheless does hold promise for 
new combinations. Reference has already been made 
to the use of this combination as an adjuvant in com-
pletely resected disease stages 1 through to 4. For the 
future, there is considerable excitement in trabectedin 
(Yondelis); this has recently been reported and shows 
very promising results and gained EMEA approval in 
2009 [59, 60]. Again, new targeted agents would be 
worthy of further investigation and a number of clini-
cal trials are underway which will evaluate their ben-
efit (Table 16.5).

16.8.4 � Targeted Agents

New agents are desperately called for and the recent 
paper suggesting the involvement of the mTOR/AKT 
pathway offers clues to the potential use of this class of 
agents and clinical trials are underway to evaluate this 
as well as IGFR receptor antagonists [15, 16]. By the 
time this chapter is published, it is likely that it will be 
obsolete given the recent speed of progress.

In summary, at present, for metastatic disease single 
agent doxorubicin remains the treatment of choice in 
patients with advanced soft tissue sarcoma. Adding in 
ifosfamide for relapse may be considered as second 
line, but an alternative would be to switch to the Sloan 
Kettering schedule of docetaxel and gemcitabine. 
Newer drugs like trabectedin hold promise, but remain 
unproven and are not readily available yet.

Combination Response rate (%) Histological type References

Vincristine/actinomycin/
cyclophosphamide

26 All Ut sarc Hannigan [40]

Doxorubicin/dacarbazine 24 All Ut sarc Omura [39]

Doxorubicin/cyclophosphamide 19 All Ut sarc Muss et al. [41]

Doxorubicin/ifosfamide 30 LMS Sutton et al. [46]

Doxorubicin/ifosfamide 55 LMS Leyvraz et al. [47, 57]

Mitomycin/doxorubicin/cisplatin 23 LMS Edmonson et al. [58]

Docetaxel/gemcitabine 53 LMS Hensley et al. [50, 51]

Table 16.5  Response rates for different combination regimens in uterine sarcoma
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16.9 � Lung Metastases

In some circumstances where there is a slowly growing 
tumour with isolated or clustered lesions in one lobe of 
lung or liver, pulmonary or hepatic metastasectomy 
may be considered. Multi-disciplinary discussion is 
required with expert teams in these situations [61–63]. 
Repeated procedures over a number of years may be 
attempted. Newer video assisted or laparoscopic tech-
niques have made this simpler and safer. Radio-
frequency ablation (RFA) may also be deployed in this 
setting [64].

16.10 � Clinical Trials

Given the relative rarity of many of these tumours, it is 
important that we do drive standards up and one of the 
most important ways is to carry out clinical trials. It is 
strongly recommended that these tumours, where pos-
sible, should be recorded on regional or national data-
bases so that we can learn more about them, not only 
both in terms of their clinical behaviour and their 
response to treatment, but also translational research. 
The author strongly believes that these tumours should 
not be managed by clinicians working in isolation and 
these are well-suited to be managed by the supra-
regional networks. Their rarity makes them well-suited 
for this approach. It will also allow more intelligence 
and information about these tumours and this can only 
be viewed as a positive development. International col-
laborative groups like Gynaecological Cancer Inter 
Group (GCIG) and European Network of Gynaecological 
Oncology Trialists (ENGOT) may be able to facilitate 
trial development, but industry support is needed, espe-
cially in Europe, to deal with the issues of both finan-
cial and legal sponsorship and the EU clinical trials 
directive.

16.11 � Conclusions

Uterine sarcomas are relatively uncommon tumours 
and LMS account for about 1–3% of uterine cancers. 
The only curative treatment remains surgical by 
hysterectomy with or without bilateral salpingo-
oophorectomy, although pelvic lymph node dissection 

remains unproven. At present, there is no convincing 
data to support the use of adjuvant pelvic radiation 
treatment when there has been complete macroscopic 
removal. LMS are different tumours with different 
pattern of spread and different chemo-sensitivity. It 
is, therefore, essential that they are treated with a dif-
ferent approach. There is no evidence at all to support 
the use of adjuvant drug treatment in these patients 
and sadly one has to watch and wait until they relapse 
before treatment may be administered. There are 
promising new schedules becoming available for 
LMS and there remains the exciting potential of tar-
geted anti-cancer agents.
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Mucinous tumours can arise in the uterus but are uncom-
mon and account for less than 5% in most series. It is 
said that they may account for between 1 and 9% of 
uterine cancer, the percentage being higher where there 
are mixed tumours with mucinous and other cell types 
but mucinous predominates. Pure mucinous tumours 
are far less common and probably do represent around 
1%. The differential diagnoses will include an endocer-
vical tumour or metastatic deposits from a gastrointesti-
nal tumour or ovarian mucinous tumour. There are 
similarities to mucinous endocervical tumours. Rare 
primary mucinous tumours do exist and may have a sig-
net ring appearance. This again may add to the confu-
sion with metastatic disease. Once again the importance 
of access to experienced pathologists is critical [1–11].

17.1 � Presentation

Most present in the classical way with post-meno-
pausal bleeding. The usual ages of presentation are 
45–60 years and they are usually considered along 
with the type 1 endometrial cancer [2, 3]. Some experts 
believe they are even a variant of endometrioid endo-
metrial carcinoma. This is supported by there being a 
history of prior oestrogen exposure, in up to 40% in 
some series. The initial investigations will be as for 
any woman presenting with post-menopausal bleed-
ing. It may be difficult to recognise a mucinous tumour 
from the initial diagnostic sample, and therefore, the 

final pathology will only be determined once hysterec-
tomy and staging has been carried out [5–9].

17.2 � Surgical Management

Since they are often thought to be “low risk” tumours 
on initial investigations, many will be operated on by 
community gynaecologists and thus undergo total hys-
terectomy, bilateral salpingo-oophorectomy and wash-
ings. It is unlikely that nodal sampling or dissection 
will be done as a routine. The importance of immuno-
cytochemistry to confirm the diagnosis and to exclude 
metastatic disease is highly relevant. It is usually stated 
that to be recognised as a mucinous variant, at least 
50% of the cell population should contain intracyto-
plasmic mucin. Given their relatively low risk of aggres-
sive behaviour, there seems little reason to recommend 
a more aggressive surgical approach.

17.3 � Post-Operative Management

Because of their uncommonness, there is little evi-
dence-based literature to support the use of adjuvant 
treatments. Given their low-risk behaviour, it is prob-
ably reasonable to withhold re-operating to remove the 
pelvic nodes. We can extrapolate from other endome-
trial carcinomas and use the same kind of risk criteria 
to assist in recommending any adjuvant treatment. 
These patients should be discussed at the local tumour 
board or multidisciplinary team meeting so that the 
benefit of additional expert advice can be offered. The 
consensus view is that they behave like endometrioid 
endometrial carcinomas, and most are surgical stage  
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1 and have minimally invasive features together with 
low-grade pathology and so fall into low-risk groups. 
Therefore, on these grounds it will usually be advised 
to omit any adjuvant treatment. This decision will need 
to be taken on an individual basis and should be part of 
the tumour board discussions.

Adjuvant radiation treatment would probably only 
be considered if the tumour is incompletely excised 
and there remains residual disease in the pelvis. There 
are no real data on the role of chemotherapy; so the 
dilemma is whether to treat as a standard endometrioid 
endometrial cancer or whether schedules used for 
mucinous gastrointestinal tumours might have advan-
tages. The standard options would lie between cispla-
tin and doxorubicin or carboplatin and paclitaxel. 
Alternatively the concept is being investigated by sev-
eral international gynaecological trial groups where 
carboplatin and paclitaxel are being compared to oxali-
platin and capecitabine. Given the rarity of mucinous 
tumours of the endometrium, it is unlikely that any 
prospective randomised trials will ever be developed 
but at least they should be registered locally, if not 
nationally, so that a true estimate of their frequency 
may be achieved.
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18.1 � Incidence and Epidemiology

Clear cell cancers (CCC) of the endometrium are 
uncommon, accounting for between 1 and 5% of all 
endometrial cancers. They usually occur in the older 
age group and tend to have features more consistent 
with type II endometrial cancer [1–5]. Thus they may 
not have the classically associated history of obesity, 
diabetes or exogenous oestrogen exposure.

18.2 � Clinical Presentation

They most typically present with post menopausal 
bleeding but do not usually share the characteristics of 
type 1 endometrioid endometrial cancer with obesity, 
diabetes and hypertension. They usually occur in an 
older age group.

18.3 � Imaging and Diagnostic Work Up

Post-menopausal bleeding is the usual mode of presen-
tation, and referral for gynaecological assessment is 
made, increasingly to a one-stop clinic where trans-vag-
inal scan (TVS) and Pipelle or endometrial biopsy are 
undertaken [6, 7]. When a CCC is diagnosed, referral 
should be made to a surgical gynaecological oncologist 
to assess fitness for surgery including lymphadenec-
tomy. Serum tumours markers have not been proven to 

be of value at present. Imaging may be helpful to assess 
extent of myometrial invasion and presence of lymph 
node metastases in pelvis, but para-aortic nodes should 
also be imaged. As with serous endometrial cancers 
(SEC), there is a significantly higher risk of extra-uterine 
spread even when there is limited myometrial invasion; 
this may be omental infiltration or pelvic and/or para-
aortic lymph node infiltration. For a fuller discussion the 
reader is referred to the chapter on imaging. The choice 
of imaging test may depend on local availability; how-
ever, MR scanning is generally better at showing endo-
metrial and myometrial infiltration but CT scanning will 
be better at looking for upper abdominal lymphadenopa-
thy. More recently, newer techniques such as 18F-PET 
CT, where available, may be considered an alternative 
option. This may also help in the planning of the surgical 
procedure. Another technique under development is MR 
imaging with ultra-small iron oxide particles (USPIO), 
which has the potential to identify early nodal invasion. 
To date sentinel lymph node assessment has yet to estab-
lish a role in endometrial cancer. [7–10]. The reasons for 
this more extended imaging protocol are discussed later 
but reflect the fact that like serous cancers, CCC can 
show high levels of extra-uterine disease whilst having 
minimal myometrial disease.

18.4 � Pathology

Clear cell carcinomas are so named as they have clear 
cytoplasm; this is due to the presence of glycogen in the 
cell. Commonly, there is a mixed pattern with serous 
and/or endometrioid elements. The distinctive hobnail 
appearance is seen when cells have discharged the gly-
cogen and lost the cytoplasm leaving a “naked” nucleus. 
Nuclear atypia and frequent mitoses are common 
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features. Many of the published series have lumped 
CCC together with serous endometrial carcinomas 
(SEC) because of several common features of their 
behaviour [11–18]. Whilst there are some strong simi-
larities between the pattern of spread and clinical behav-
iour of uterine serous cancers, there are important 
differences in their molecular biology. P53 for example 
is usually negative but these tumours do have a high 
ki67 index. There is often loss of PTEN, which is 
unusual in endometrioid endometrial cancers. ER and 
PR status is usually negative [2, 3, 19] (Table 18.1).

More than three quarters will show deep myome-
trial invasion and at least 25% will show lymphovascu-
lar space invasion. Forty percent will have extra-uterine 
spread at the time of initial diagnosis but as with uter-
ine serous cancers, the depth of invasion does not nec-
essarily correlate with the presence of extra-uterine 
disease. One series reported 17% lymph node metasta-
ses. Occasional patients may have disease confined to 
a polyp and stage 1 patients do carry a better prognosis 
[11–18, 20]. Mixed tumours are common with both 
endometrioid and serous components, but there is as 
yet no consistent approach to define what percentage 
of clear cell component is needed to call it a CCC or a 
mixed tumour. Some series have used 10, 2 or 50% as 
the necessary minimum, but international consensus 
would be desirable for consistency. This is discussed 
in the pathology chapter. The GOG pathology commit-
tee has proposed that at least 50% of a tumour must 
contain clear cell elements. This consistency in report-
ing may help to allow international comparisons.

18.5 � Surgical Assessment 
and Management

When a localised CCC is recognised at the initial assess-
ment, referral should be discussed with a surgical 
gynaecological oncologist for the definitive procedure. 

There is a strong belief that these CCCs should be 
treated in a different manner from endometrioid endo-
metrial cancer. There is no doubting that the overall sur-
vival for these tumours is lower than for endometrioid 
cancers [20–23]. This different pattern of spread must 
be taken into account when planning the surgical proce-
dure. They are more aggressive in their clinical behav-
iour and there is a greater risk that they may be associated 
with extra-uterine spread at the time of presentation and 
as already stressed, more than three quarters will show 
myometrial invasion and at least 25% will show lym-
phovascular space invasion. Over 40% will have extra-
uterine spread at the time of initial diagnosis but as with 
uterine serous cancers, the depth of invasion does not 
necessarily correlate with the presence of extra-uterine 
disease. Lymph node metastases are more common, 
occurring in up to 17% [18]. Occasional patients may 
have disease confined to a polyp and if confirmed as 
stage 1 they carry a much better prognosis [20–30].

The recent review by Thomas [28, 29] combining the 
experience from two major centres is the largest reported 
clinical series with 99 patients. Sixty-nine patients (70%) 
were thought to have optimal cytoreduction with no mac-
roscopic residual disease and yet, after pathological anal-
ysis, only 33 (48%) were confirmed as stage 1. Of the 
36, 21 had occult cervical involvement, 12 had lymphatic 
dissemination and seven had positive peritoneal cytol-
ogy. This nicely summarises the problems of a tumour 
which can “silently” involve other organs. Other series 
have shown similar patterns of spread [22, 23, 25–30].

The clinical behaviour of CCC and SEC justify a 
different approach surgically. Given the risks of occult 
extra-uterine disease, when the initial diagnostic 
workup suggests a clear cell carcinoma, comprehen-
sive surgical staging should include hysterectomy, 
bilateral salpingo-oophorectomy and omentectomy 
and the taking of peritoneal washings as standard prac-
tice, plus pelvic lymphadenectomy (PLND). There is 
no level 1 evidence to support this but a number of 
surgical series have confirmed the risks of nodal spread 
even with “early” myometrial infiltration [11–18, 24]. 
An assessment of the para-aortic nodes should be 
included as part of the staging operation. Some experts 
advocate that para-aortic sampling with frozen section 
or para-aortic node dissection (PAND) should be car-
ried out initially to help plan the remainder of the 
operation. When extensive para-aortic disease is pres-
ent, there remains some controversy as to whether the 
procedure should be completed or abandoned and 

CCC SEC

P53 Low/negative Positive

ER/PR Low/negative Low/negative

Ki67 High High

PTEN Intermediate Low/rare

Table 18.1  Comparison of molecular markers in CCC uterus
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chemotherapy initiated and a later attempt made at 
surgical debulking.

There is further debate about what to do if there is 
significant extra-pelvic disease where maximal cytore-
duction cannot be achieved. This is discussed late in 
this section. Thomas reported a significant difference in 
progression-free survival of 17 vs. 7 months for those 
in whom optimal surgery could not be achieved [28, 
29]. Overall survival was 40 vs. 18 months. Other series 
have suggested that a maximal debulking effort should 
be attempted [22, 26–29, 31]. Neo-adjuvant chemo-
therapy is not yet considered a standard of care in endo-
metrial cancers but is currently being explored in a 
number of centres. There is increasing interest in the 
use of neo-adjuvant chemotherapy in locally advanced 
unresectable endometrial cancer to try and reduce 
tumour volume and make a delayed primary procedure 
more effective. This concept has now been shown to be 
safe in ovarian cancer in a large EORTC-GCG study 
[32] and has been reported by the Flemish group and is 
the subject of a trial by the Flemish Gynaecological 
Oncology Group [33, 34]. Their experience has now 
been reported in a recent paper from Amant et al. from 
Leuven and has shown that neo-adjuvant chemotherapy 
followed by delayed primary surgery is a safe alterna-
tive approach for the more advanced SECs and it is 
likely that this could be extrapolated to CCC [35].

Several recent papers have advocated that this 
aggressive and comprehensive surgical approach may 
avoid the need for adjuvant treatment for stage 1 can-
cers [31]; this is discussed further in the adjuvant treat-
ment section. Amant and colleagues from the Flemish 
Gynaecological Oncology Group are conducting a 
phase 2 study of adjuvant chemotherapy vs. no adju-
vant treatment to try and address this topic based on 
their earlier reports [33, 34]. Their study incorporates 
comprehensive surgical staging and resection and ran-
domisation to adjuvant chemotherapy or no treatment. 
In the meantime it must be recommended that the stan-
dard of care for a fit patient is to refer to a specialist 
gynaecological oncology surgeon for comprehensive 
surgical staging and pelvic clearance.

Future ideas will include improvements in imaging 
techniques to identify advanced cancers pre-operatively, 
and increasing interest in the use of neo-adjuvant che-
motherapy in locally advanced endometrial cancer to 
try and reduce tumour volume and make a delayed pri-
mary procedure more effective and safer, as has been 
shown in ovarian cancer.

18.6 � Adjuvant Post-Operative 
Treatments

Post-operative review of the histology at a tumour 
board and multidisciplinary discussion will help to 
advise on further post-operative care. Pathology review 
is crucial as there are often mixed elements and the 
treatment maybe influenced by the final decision. 
There are diagnostic pitfalls which a more experienced 
pathologist is likely to avoid. These tumours, in com-
mon with serous cancers, are cytologically high-grade 
neoplasms and furthermore, there may be mixed pat-
terns. Hendrickson discusses some of the practical dif-
ficulties in distinguishing CCC and serous cancers and 
compares their adverse clinical behaviour, which ulti-
mately suggests that confusion of these two types may 
in fact have relatively little clinical consequence [36]. 
Not surprisingly, prognosis is related to the degree of 
invasion and those tumours confined to the endome-
trium or with minimal myometrial invasion do best. As 
is seen in discussions regarding adjuvant therapy, stage 1 
cancers are associated with 75–79% five-year survival 
which does differ greatly from endometrioid cancers 
whereas for stage 2 and beyond there is a greater dis-
crepancy with far worse outcome for CCC [37–42]. In 
one series from Touboul et al. [39], clear cell pathol-
ogy was an independent prognostic risk factor.

There is a paradox in that whilst most of the major 
textbooks have some detailed discussion and debate 
about the pathology of CCC, most have very little to say 
on the clinical management! A recent review article from 
Mendivil et al. summarises much of the recent approaches 
to diagnosis and management [3]. Much will depend on 
the primary surgical procedure and if PLND has not 
been performed, discussion will take place to consider a 
repeat surgical procedure to remove the nodes vs. the 
option of radiation. Unfortunately many of these patients 
are older and frailer and thus may not be optimal candi-
dates for more extensive surgery which in itself may 
have been part of the rationale for limiting surgery to a 
simple TAH and BSO in the first instance.

Kwon et al have even proposed that for both CCC 
and SEC with stage 1 disease where optimal surgical 
staging including both PLND and PAND has been car-
ried out, no adjuvant treatment is required [31]. Level 1 
evidence to support adjuvant treatment is difficult to 
obtain but chemotherapy, radiation and combined 
sequential or synchronous chemo-radiation should be 
discussed at the tumour board.
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18.6.1 � External Beam Radiation Therapy

Much intense debate rages about the whole value of 
adjuvant radiation in all types of endometrial cancer. 
However, very little has been published on the role of 
external beam radiation therapy (EBRT) and vaginal 
brachytherapy (VBT) in CCC and most opinions are 
extracted from major reviews or large trials, which have 
included small numbers of CCC [37–46]. The whole 
field is highly charged with opinion determined by the 
reviewer’s own interpretation of the literature! A moder-
ate contemporary view would recommend that adjuvant 
EBRT can be avoided in low-risk endometrial cancers, 
and probably also in intermediate-risk endometrial can-
cer since there is no survival benefit but only a reduction 
in local failure rate [46–48]. For high-risk cancers, there 
are no randomised trial data, but from meta-analyses, 
Cornes and Johnson [46] and Lee et al. [47] have shown 
that there may be survival benefits in up to 10% for 
adjuvant radiation even when PLND is carried out; these 
are the first reports to suggest that a survival benefit may 
occur when EBRT is given. Previously many authorities 
remained concerned that combining adjuvant radiation 
and PLND only increases risk of late morbidity. It has 
already been suggested that for early stage CCC, adju-
vant treatment may be omitted after PLND.

Thus, the best the reviewer can do is to extrapolate 
from the small mixed pathology series and from high-
risk cancers and try and estimate the level of benefit 
against any risk. The most educated interpretation is 
that adjuvant radiation is useful when the patient is 
unable to undergo PLND but is of unproven benefit in 
patients who have undergone PLND and should prob-
ably be withheld if there is no residual disease, but 
would be advised in the case of positive pelvic nodes 
or residual disease present.

Where EBRT has been used it does seem to produce 
a lower relapse rate. Two studies which looked at the 
role of EBRT in CCC confirmed lower rate of relapse. 
Cirsano et  al. reviewed 38 patients with CCC, 22 of 
whom received varying types of post-operative radia-
tion but there were no local recurrences within the radi-
ation fields [22]. In another series by Thomas, 22 
patients who underwent comprehensive surgery were 
reviewed of whom 11 had post-operative EBRT; there 
was only one recurrence at the vaginal cuff [28]. Kwon 
et al in their mixed series of CCC and SEC also had one 
vaginal cuff recurrence that was salvaged by radiation. 
Thus, from small numbers of patients who generally 

had optimal surgery, it would seem that adjuvant EBRT 
with or without VBT may protect against relapse but 
others feel that it is not required and the risks of sys-
temic disease are higher, hence the need for systemic 
therapy which is discussed next.

Thomas et al., Craighead et al. and Murphy et al. all 
showed that when pelvic EBRT is given, there are 
fewer pelvic or vaginal relapses [28, 37, 41]. However, 
when sub-optimal surgical staging was carried out, 
failure to deliver adjuvant radiation was associated 
with higher failure rate. Thomas et al state that if lym-
phatic assessment is sub-optimal and repeat PLND not 
pursued, pelvic EBRT is needed to reduce risk of local 
relapse [28, 29].

Other recent papers [44, 48] have looked at whole 
abdominal irradiation (WAI) and radionuclide therapy 
with radioactive phosphorus (32P). The GOG com-
pared WAI to chemotherapy with AP chemotherapy 
and confirmed the superiority of the latter. Many feel 
that the technical complexities and morbidity of WAI 
make it unattractive as an option. Hoosier and Indiana 
Universities have reported on radionuclide therapy 
with phosphorus and whilst the results seem attractive, 
it may be argued that the crucial inclusion of compre-
hensive surgical staging was the key determinant [48]. 
There are also additional practical challenges with 
administering intra-cavitary colloids.

18.6.2 � Brachytherapy

VBT remains controversial but paradoxically where it 
has been used does seem to reduce local failure rates. 
Given that intra-peritoneal or lymph node spread are 
more common, vaginal recurrence would seem less 
likely to occur, but several series have shown in serous 
cancers and CCC that this happens and when VBT is 
used there seems to be a benefit with reduced vaginal 
relapse. The author has chosen to use VBT routinely in 
his practice for CCC and serous cancers [28, 31, 43].

In summary, there is an impression that adjuvant 
EBRT maybe avoided if comprehensive staging has 
been carried out although some may recommend VBT 
as an adjuvant. When PLND is not performed and it is 
not planned to surgically intervene, EBRT at least 
reduces local relapse rate and may even improve sur-
vival. The addition of adjuvant chemotherapy with 
radiation is uncertain in CCC.
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18.6.3 � Chemo-Radiotherapy

However, newer data from the Scandinavian trial NSGO 
9505 indicates an improvement in PFS and a trend 
towards an improvement in OS using sequential chemo-
therapy and radiation [49]. Their study included 1C G3 
and occult stage 2 G3 cancers. Patients received an 
anthracycline and platinum-based therapy in most cases 
although latterly carboplatin and paclitaxel were per-
mitted. The data support the use of combined modality 
adjuvant therapy in “high-risk” stage 1 patients although 
it is reported that there was no benefit seen in CCC and 
SEC cancers; numbers, however, were small. The defin-
itive paper awaits publication; it is difficult to know if 
this is a statistical fluke or a genuine finding, it is cer-
tainly counter-intuitive. The PORTEC 3 trial in G3 high 
risk endometrial cancers is comparing EBRT alone vs. 
EBRT with concomitant cisplatin chemotherapy fol-
lowed by four cycles of carboplatin and paclitaxel, and 
has opened in 2008. The recently presented GOG 184 
study (Homesley) investigated adjuvant therapies in 
stage 3 and 4 endometrial cancers, and included 18% 
with CCC or SEC [50]. It evaluated volume-directed 
radiation and adjuvant chemotherapy with cisplatin and 
doxorubicin (CD) with or without paclitaxel (CDP). 
Final results are still awaited but the abstract at SGO in 
2008 reported that in stage 3 endometrial carcinoma, the 
addition of paclitaxel to cisplatin and doxorubicin did 
not reduce locoregional and systemic relapse rates fol-
lowing maximum surgical cytoreduction and radiation. 
However a sub-group of patients with gross residual dis-
ease benefited from CDP. The RTOG have also shown 
that concomitant chemoradiation with weekly cisplatin 
followed by adjuvant carboplatin and paclitaxel can be 
safely delivered [51].

18.7 � Adjuvant Chemotherapy

By and large, the use of chemotherapy as an adjuvant 
has emerged from experience in advanced disease. The 
author is not aware of any specific studies of chemo-
therapy in CCC; thus, any experience must be extrapo-
lated from other subtypes. Hogberg has written a nice 
recent review on this topic [52]. The experience also 
derives predominantly from the trials in relapsed dis-
ease, which are extrapolated into the adjuvant setting. 
Three trials have compared chemotherapy vs. radiation 

but all are in the setting of mixed tumours, with only 
small numbers of CCC. These have used Adriamycin 
(doxorubicin) and cisplatin and compared with pelvic 
EBRT [53, 54] or in GOG 120 [44] vs. WAI. The Italian 
and Japanese studies failed to show any survival benefit; 
with hindsight and modern practice we can suggest that 
by today’s standards the doses and intensity of the 
regime were less intensive. Today, the community stan-
dard is increasingly carboplatin and paclitaxel despite 
the lack of level one evidence, but there is of course a 
huge experience in ovarian cancer where this regime is 
widely used. A small minority continue to prescribe AP. 
A proposed European lead study will compare chemo-
therapy vs. no additional treatment in medium high-risk 
stage 1 or 2 who have undergone surgery including 
lymphadenectomy with negative nodes. This may 
answer the question of whether chemotherapy without 
radiation improves survival. It is a great shame that the 
PORTEC 3 trial did not have a third arm with chemo-
therapy alone; this would have addressed more ques-
tions although the trial does not mandate PLND!

18.7.1 � Relapsed/Advanced Local Disease

Very early studies of chemotherapy in endometrial can-
cers used doxorubicin (A) as a single agent [55], whilst 
later series looked at cisplatin (P) before comparing 
doxorubicin (A) with cisplatin and doxorubicin (AP) 
[56–59]. Two studies showed AP to be better than A 
alone. Historically doxorubicin and cisplatin (AP) have 
been considered the standard treatments but have quite 
high morbidity and side effects. The current GOG study 
follows on from the comparison of AP vs. Taxol AP 
[60] and is comparing TAP with carboplatin and pacli-
taxel (TC). Increasingly the combination of carboplatin 
and paclitaxel is becoming standard treatment and 
extrapolation may be made from the use of these agents 
in ovarian cancers. There is huge experience with these 
drugs especially in ovarian cancers and they are gener-
ally well tolerated even in older patients. It should be 
remembered that the endometrial cancer population 
often has significant co-morbidity in comparison to the 
ovarian cancer population and thus avoidance of cispla-
tin and doxorubicin is advantageous. So, is there evi-
dence to support the use of carboplatin and paclitaxel? 
There is now considerable literature mainly from single 
centres and phase 2 studies but it does support the use of 
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this combination in endometrial cancer [61–64]. There 
is very little specific literature on CCC of endometrium, 
however. For a fuller discussion on clear cell ovarian 
cancers, the reader is advised to refer to the relevant 
chapters where important contributions are found on the 
differences between CCC in the Far East compared to 
Europe and the Americas [65, 66]. This will also include 
a discussion of the merits of conventional chemotherapy 
vs. novel approaches.

18.8 � Follow-Up Protocols

Follow-up of these patients generally is very similar to 
common forms of endometrial carcinomas and there are 
no useful or reliable tumour markers. There is no estab-
lished place for routine scanning and imaging would nor-
mally be done only if there is a clinical indication. Most 
clinicians would suggest a check up at 4–6 weeks to con-
firm the follow-up plan and any need for adjuvant treat-
ment. If no adjuvant therapy is advised, a more cautious 
follow-up would be proposed to detect any localised 
recurrence and offer salvage therapy. In the Kwon paper 
[31], one patient relapsed locally and was salvaged with 
treatment. Most series in endometrial cancers show a sal-
vage rate in excess of 80% for localised vaginal vault 
relapse, but whether this can be extrapolated to CCC is 
unknown. Regular examinations at three months are 
advised for the first year and then four-monthly for year 
two. Thereafter six-monthly appointments are offered up 
to five years when it is usual to discharge patients

18.9 � Relapsed Disease

The management of relapsed disease will be determined 
by the type of previous adjuvant treatments, the time 
interval, the age and performance status of the patient 
and the sites and extent of disease. Initial staging scans 
will include CT or MR scanning but PET CT scanning 
may offer the best re-staging especially when radical 
salvage therapy is being considered. If there has been no 
prior radiation and disease is confined to the pelvis, then 
adjuvant radiation with VBT with or without chemother-
apy should be offered. However, given the more aggres-
sive behaviour pattern it is more likely that the patient 
will have systemic disease and therefore chemotherapy 

should be offered. Given that these tumours are usually 
ER/PR negative there is unlikely to be any significant 
role for hormonal treatments. Cisplatin and doxorubi-
cin [55–59] or carboplatin and paclitaxel are likely to be 
standard chemotherapeutic options [60–64]. The current 
GOG study (no. 209) is comparing Taxol AP (TAP) vs. 
carboplatin and paclitaxel and the EORTC completed a 
study of TAP vs. AP but no results are available at the 
time of writing (protocol 55984). Improved response 
rates are seen with the addition of paclitaxel as in GOG 
177 study but to deliver TAP may require use of growth 
factors and many feel this is unacceptable [60]. This is 
rarely needed with carboplatin and paclitaxel, and of 
course there is great experience with this combination 
in ovarian cancer. None of these makes specific refer-
ence to CCC of the uterus but they make up a higher 
proportion of the studies since they have a higher rate of 
relapse and thus are candidates for systemic therapy

Other drugs that may be considered would include 
ifosfamide and docetaxel but for progression after stan-
dard treatments entry into clinical trials with phase  
I agents are often the best options. The potential for 
investigation of newer targeted agents should be consid-
ered. The epothilones and topo-isomerase inhibitors are 
worthy of clinical trials. In Japan, a combination of cis-
platin and irinotecan is considered to be more active in 
epithelial ovarian CCC and is currently being compared 
with carboplatin and paclitaxel [65, 66]. The new tar-
geted agents are prime candidates for investigation and 
study although given the rarity of CCC, it may be diffi-
cult to do separate studies. Correlation with translational 
science may help identify new targets and in turn new 
targeted agents. Currently the most interest is being gen-
erated in mTOR pathway inhibitors but yet again, 
whether they have potential activity in CCC is uncertain. 
A recently published review on attitudes to management 
of CCC from SGO members has just been published and 
the reader is recommended to refer to this [67].
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19.1 � Introduction

Neuroendocrine (NE) cell carcinomas of the cervix are 
uncommon and constitute 1–2% of cervix cancers. They 
were first identified in the 1970s [1] but major progress 
occurred after a consensus conference on the topic in 
1997 [2]. This proposed a more formal classification. 
More recent experience has proposed a new WHO clas-
sification of NE cancers although this is not usually 
applied for cervical cancers [3, 4]. They constitute small 
cell cancers, large cell variants as well as typical and 
atypical carcinoids. This chapter will focus mainly on 
small cell cancers and their variants rather than carcino-
ids. Well differentiated NE cancers in the cervix are 
extremely rare and should be managed by teams experi-
enced in managing neuroendocrine tumours (NETs). 
Metastatic disease should be excluded before labelling 
as a primary carcinoid or NET of cervix. They are likely 
to behave like any other well differentiated NET and 
there is plenty of guidance available on this topic from 
UKINET and ENETS [5, 6]. However, small cell can-
cers and their variants are most typically managed by 
gynaecological cancer multidisciplinary teams, as they 
usually present with gynaecological symptoms.

One of the principal challenges in managing small 
cell tumours is distinguishing them from metastatic 
small cell disease arising at another site, in particular 
with a bronchial origin; and from other small round cell 
tumours which may have a subtly similar appearance. 
This topic is well discussed for lung small cell cancers 
in a recent review by Renshaw [7]. There are some 

differences in the immunocytochemical profile, but the 
method of presentation and age may be relevant. The 
reader is advised to refer to the chapter 3 by McCluggage 
and Millan where some of these important issues are 
covered in detail. Some other references are provided 
for the reader on pathology and prognostic factors  
[8–13]. Carcinoids and undifferentiated sex cord tumours 
may also cause confusion. The literature suggests that 
small cell cancers are commoner peri-menopausally 
although recent personal experience seems to suggest 
they are becoming more prevalent in younger women, 
i.e., under the age of 30, even though older data suggest 
that the average age of diagnosis is close to 50 years. 
This diagnosis should always be considered in a 
younger woman presenting with advanced disease. The 
SEER data paper from McCusker gives some insights 
into the epidemiological differences between squamous 
and nonsquamous cervix cancers [14].

It is important to distinguish pure small cell tumours 
from those tumours that may contain NE differentia-
tion; NE differentiation may be a feature of poorly dif-
ferentiated squamous cell cancers. The presence of 
one small focus is insufficient to label as a small cell 
carcinoma. Finally when a pure small cell cancer is 
seen, it is necessary to exclude a metastatic process 
from another primary, most typically in the lung.

Furthermore these tumours may sometimes be associ-
ated with the ectopic production of neuropeptides which 
may give distinctive clinical syndromes including hyper-
calcaemia, hypoglycaemia, Cushing’s syndrome, hypona-
traemia (SIADH) and myaesthenic syndromes but not as 
commonly as in small cell ovarian cancers. There are par-
allels with ovarian small cell cancers where the two main 
sub-types have different patterns of behaviour (SCCOHT 
vs. SCCOPT). The reader is referred to chapter 13 
dicussed but SCCOHT occurs in younger women while 
SCCOPT is more common in older women.

Small Cell and Neuroendocrine  
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These tumours are often very highly aggressive and 
carry a poor prognosis and unless they are diagnosed at 
a very early stage, they usually are associated with 
early death. Most series report less than 30% five-year 
survival and many are dead within 2 years despite 
treatment [14–17]. Distressingly, they are often young 
women with young families, and social support for the 
bereaved is an essential component of care.

19.2 � Presentation

The presentation is usually with abnormal vaginal 
bleeding and mimics squamous cell cancers, usually 
with no distinguishing features [13]. Cervical screen-
ing may occasionally identify small cell cancers. The 
mean age at diagnosis is 50 years in contrast to  
52 years for squamous cell cancers although this author 
believes that more recent experience might suggest a 
shift to younger age at diagnosis. The literature sug-
gests about 41% have stage 1 disease as opposed to 
51% for squamous cell cancers, however, small cell 
tumours have a higher incidence of lymph node metas-
tases. There does seem to be a greater risk of earlier 
blood-borne and lymphatic spread. It is highly likely 
that clinical staging will underestimate the stage com-
pared to newer radiological imaging techniques.  
A strong case can be made for 18FDG PET-CT in these 
rare tumours. Tumour markers are of limited use, 
although neuron-specific enolase (NSE) may be of use 
in serial measurement of individual cases.

19.3 � Pathology

These were first described much earlier than ovarian 
small cell cancers, the first recognised report being in 
1976 [1, 2]. Historically there is confusion over the ter-
minology used in what we now call small cell cancer of 
cervix. This was addressed by a consensus conference 
that helped to resolve some of the issues [8–12]. Small 
cell carcinoma of the cervix is uncommon; it is said to 
account for up to 2% of cervix cancers. The incidence 
is said to have risen over the past 20 years but whether 
this is a true rise or simply better recognition and use of 
new immunocytochemical techniques is unclear. They 
seem to occur more frequently in younger women with 

cervix cancers; in a woman under thirty with a poorly 
differentiated squamous carcinoma, a small cell/neu-
roendocrine tumour should be considered. Some poorly 
differentiated squamous cancers may have NE features 
with patchy immunocytochemical profile. The pres-
ence of chromogranin, synaptophysin and CD56 is 
usually considered necessary to make a diagnosis of 
small cell carcinoma [18]. Several recent papers includ-
ing a review from Carlson in Boston have shown the 
potential value of TTF-1 in differentiating small cell 
cancers of ovary, cervix and lung [19–21]. This proba-
bly represents the aggressive end of the spectrum of 
squamous cancers rather than an NE cancer. HPV 18 
seems to be most commonly associated (in about 50% 
of cases) and HPV 16 less so, in contrast to squamous 
epithelial cancers of cervix [22–25]. Primary carcino-
ids and paragangliomas of the cervix are described in 
the literature but are exceedingly rare. A carcinoid 
tumour found in the cervix is most likely to be meta-
static and a search for other disease is advised.

A workshop meeting in 1997, reported by Albores-
Saavedra [2] proposed that cervix (neuro)-endocrine 
cancers be classified into the four following categories. 
This is based on the pathological classification used in 
pulmonary NETs but is not consistent with the newer 
WHO classification of NETS which mainly focuses on 
gastro-entero-pancreatic NETs [3, 4]. The paradox is 
that the term carcinoid is familiar to many and thus in 
practice it may be easier to retain this term for clinical 
usage, and it will be referred to in this article.

Specialist pathological review is required with 
access to comprehensive immunocytochemical profile 
which should include staining for immunohistochemi-
cal NE markers, p53, p16, p14 and cyclin D1 [17, 18]. 
Immunohistochemical staining for CD 56, synapto-
physin, NSE and chromogranin A may be helpful. It is 
proposed that p16 is up-regulated or accumulated in 
the small cell cancers of the uterine cervix, probably 
caused by infection with human papillomavirus. p14 
inactivation is of high prevalence and detection rate of 
p53 is similar to that in other histologic types of cervi-
cal carcinomas.

Typical (classical) carcinoid•	
Atypical carcinoid•	
Large cell neuroendocrine•	
Small cell (oat cell) neuroendocrine•	
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19.4 � Staging

Blood should be taken for full haematological and bio-
chemical profile. This must include serum calcium. 
Full staging including imaging with CT, MRI or PET 
CT to include the chest is essential in order to exclude 
a primary intra-pulmonary tumour. Connor in the 
accompanying chapter gives an excellent overview of 
imaging in cervix cancers. Given that these are very 
metabolically active cancers, 18FDG PET CT scanning 
seems particularly attractive for staging purposes. 
Nevertheless even this cannot guarantee to rule out an 
occult primary small cell tumour of the lung. Serum 
tumour markers are of limited benefit. For well differ-
entiated NETs a “gut hormone profile” should be sent 
for analysis. This will normally include chromogra-
nins A and B, gastrin, neurotensin, somatostatin, VIP, 
glucagons and pancreatic polypeptide. NSE and 
B-HCG may be useful for monitoring if initially raised 
but are infrequently raised at diagnosis. Somatostatin 
receptor imaging with Octreoscan is again only of 
value in well differentiated tumours [5, 6]. PET CT 
would seem to offer greater potential.

19.5 � Treatment Options

The management of these cases generates a great deal 
of debate and discussion and there are some experts 
who feel that surgery has little role to play. As one 
might predict, there are few published data to substan-
tiate any viewpoint. The main message is that multi-
modality therapy is necessary and teams should work 
closely to manage individual patients [26–48]. Much 
of the debate has evolved from the management of 
small cell lung cancer (SCLC). In this condition exten-
sive disease at presentation is common, hence chemo-
therapy with radiation is the key treatment involved. In 
limited disease SCLC there is generally little role for 
surgery although a few studies have claimed survival 
advantages. For limited disease, chemotherapy and 
radical radiation are standard, usually followed by pro-
phylactic cranial irradiation (PCI) in patients achiev-
ing remission [35]. These approaches have helped to 
formulate the management of small cell cancer of cer-
vix. In cervix small cell cancers, the mean survival is 
much poorer than for squamous tumours, 36% vs. 71% 
five-year survival [7, 12, 14, 26–38]. Patients with 

advanced disease at presentation will rarely survive 
longer than a year to 18 months. This will not match the 
optimal results in SCLC. The concepts for managing 
rare cancers are well discussed and reviewed [44, 45].

19.6 � Localised Disease

19.6.1 � The Role of Surgery

Since most cases will not be recognised as small cell 
cervix cancer initially, patients will be referred to 
gynaecology through the usual channels of referral, and 
if disease is localised to the cervix, stage 1A and 1B, 
early 2A and 2B, primary surgical management will be 
advised. Hence the first discriminant is to determine if 
the disease is localised or extensive. There is no exact 
cut off size and this will vary from centre to centre, but 
often when the cervix tumour is greater than 4  cms, 
referral for primary chemo-radiation will be made. Some 
surgeons do not see the size of the tumour as an obstacle 
to primary surgery, but this may be perceived as short-
sighted since we are trying to avoid delivering triple 
modality therapy with its attendant increased risk of late 
toxicity. However, this category may be the exception as 
there is a view that these patients need multi-modality 
therapy. Consideration should be given to neo-adjuvant 
chemotherapy to try and downsize the tumour and lead 
to a discussion of delayed primary surgery or subsequent 
chemo-radiation. In squamous cell cancers, the case for 
neo-adjuvant chemotherapy remains unproven and there 
is even less evidence in small cell cancers.
However, the best results in the recent literature have 
come from a combination of surgery, radiation and 
chemotherapy [26–34, 36–43]. Some of the early 
reports [14–17] suggested that radiation alone was bet-
ter than surgery, but this has been surpassed by modern 
combined modality approach. The importance of new 
imaging techniques to optimally stage the patient and 
plan the treatment is vital. Initial staging which shows 
extra pelvic disease would suggest that a primary radi-
cal surgical procedure is inappropriate; a combination 
of CT or MR and PET CT will be recommended 
depending upon local availability. Small tumours should 
be considered for a radical hysterectomy and pelvic 
lymph node dissection, followed by chemotherapy 
and  radiation either concomitantly or sequentially  
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[27, 32, 33, 36, 38]. The issue of para-aortic node sam-
pling or lymphadenectomy (PALND) remains unre-
solved. Many would advocate sampling but there is no 
evidence base to substantiate routine PALND. However 
several series, in which primary chemotherapy and 
radiation have been used, have seen isolated first 
relapses in the para-aortic area, often just above the 
upper border of the radiation field, raising the issue of 
whether there is any justification for either para-aortic 
nodal dissection or extending the radiation fields.

19.6.2 � Adjuvant Therapy

Adjuvant treatments should probably include both 
chemotherapy and radiation. There are no randomised 
trials to support this but in the series which have been 
reported, when post-operative chemotherapy was omit-
ted, there were high relapse rates and most patients 
were dead within 3 years [26–34, 36–43]. Conversely, 
when chemotherapy was given, distant relapse rates 
were lower and better survival was seen but there was 
a risk of greater local failure. For unexplained reasons, 
in their review of ovarian small cell cancers, Harrison 
et al. reported better survival when both radiation and 
chemotherapy were delivered [49]. It is not unreason-
able to extend this adjuvant approach to small cell cer-
vix cancers.

In the adjuvant setting a minimum of four cycles of 
chemotherapy is given. The choice of agents normally 
reflects what is used in SCLC. Chan reported that vin-
cristine, doxorubicin and cyclophosphamide or cispla-
tin and etoposide are effective adjuvant therapies after 
hysterectomy [41]. Currently either cisplatin or carbo-
platin and etoposide are deployed; other agents have 
been used, but these seem to achieve the best results.

19.6.3 � Primary Chemo-Radiation

One of the first series to report combined chemo-radi-
ation was from Hoskins et al. who reported 28% three-
year survival. They used concomitant cisplatin and 
etoposide with involved field pelvic radiation plus or 
minus para-aortic nodal irradiation in the first phase. 
They subsequently modified the schedule to use carbo-
platin and paclitaxel and regularly included para-aortic 

irradiation and PCI, with nearly 60% three-year sur-
vival. This more than doubled their three-year survival 
rates. The main prognostic determinant was radiologi-
cal stage, with 80% of stage 1 and 2 vs. 38% of stage  
3 and 4 disease free at three years [50].

Standard doses of radiation are prescribed and vary 
with local protocols but generally, pelvic radiation 
using the pelvic brick or box technique is used to 
deliver 45–52 Gray in 25–28 fractions. There is no evi-
dence to support intensity modulated radiation therapy 
(IMRT) but it is increasingly being adopted without 
any evidence base in squamous cell cervix cancer. 
Brachytherapy is added and the technique is deter-
mined by whether or not there has been prior surgery; 
colpostats or ovoids are applied if there has been sur-
gery, and full insertion is done if uterus is intact. Doses 
and number of insertions should normally conform to 
local practice for squamous cell cancers.

19.6.4 � Multi-Modality Therapy

A more recent review from New York found only 17 
patients in 17 years; the majority (72%) underwent 
RHND, and 22% had primary definitive radiation, 
eleven RT alone and one concomitant chemoradiation. 
This was given in the form of cisplatin and etoposide 
with radiation followed by two more cycles. Again 
staging and extent of disease were principal prognostic 
factors. For all patients estimated PFS and OS were 
22% and 30%, with median time to progression of  
9 months and 14 months OS. However for early disease 
stage 1 and 2, the time to progression was 10 months 
compared to 4 months for more advanced stages, where 
there were no long-term survivors [51]. The relatively 
poor overall results most probably reflect the long time 
span over which they were collected and treated.

Siva presented a poster at ASCO 2006 reporting the 
experience of two Scottish centres [52]. A total of 21 
patients were eligible for the analysis with a median 
age of 33 years (range 22–74). Nine patients were FIGO 
stage 1B, 3 were 2A and 4 were 2B, 3 were 3B and 2 
with metastatic disease. Surgery was performed in 13 
patients [11 radical hysterectomy/pelvic lymphadenec-
tomy, 1 radical hysterectomy and 1 total abdominal 
hysterectomy]. Chemotherapy was given to 16 patients 
[Neo-adjuvant 6, Adjuvant 9, Concurrent 3]. Fourteen 
of these patients received combination chemotherapy 
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containing platinum and etoposide. One received a non-
platinum combination. Fourteen also received radio-
therapy [10 pelvic radiotherapy and brachytherapy,  
3 pelvic only, 1 brachytherapy only, 2 PCI]. Two patients 
died of progressive disease shortly after diagnosis with-
out any specific anti-cancer treatment, two patients were 
disease free after a follow-up of 40 and 53 months, 
respectively, and one was lost to follow-up 7 years after 
diagnosis. Median relapse free survival (RFS) was  
16 months. Two-year RFS was 25%. The sites of relapse 
were as follows: liver 4, chest 4, para-aortic 4, brain 3, 
neck 3, local 2, abdomen 1. Twelve patients received 
salvage therapy after relapse [5 – responded, 2 – not 
assessed and 5 – progressed]. Seven were alive after a 
median follow-up of 40 months (range 17–90). Median 
survival was 28 months and the three-year overall sur-
vival was 45%. It is believed that these results are attrib-
utable to the use of aggressive combination therapy of 
surgery, chemotherapy and radiotherapy.

19.7 � Extensive Disease

The larger tumours which may not be suitable for surgi-
cal resection should probably be managed with initial 
chemotherapy. This parallels the treatment of SCLC. 
For those presenting with extra pelvic disease, primary 
chemotherapy is the treatment of choice. PET CT is 
likely to be an important tool in staging and serial PET 
CT may give prognostic information. Drug combina-
tions similar to those used in SCLC are prescribed, such 
as cisplatin or carboplatin and etoposide combination. 
Early trials used a variety of agents including the CAVE 
regimen, with generally poor responses, and it was not 
until the modern agents used in SCLC were introduced 
that better results were first seen. Up to 6 cycles are 
prescribed with careful monitoring and an interval scan 
after 3 cycles to assess response. The patient should 
then be discussed again at the tumour board to consider 
whether to follow with radical hysterectomy or radical 
radiation or both. PET CT is most probably the imaging 
modality of choice before contemplating radical sur-
gery. Surgery should not be considered if there is con-
tinuing evidence of extra pelvic disease.

While these tumours may show a high level of 
chemo- or radio-sensitivity early relapse is frequent 
and associated with an aggressive and usually lethal 
pattern. Patients who relapse are most unlikely to be 

salvaged. In the series of extensive disease generally 
less than 20% are alive at 3 years. Patterns of relapse 
may be unusual with lymph node metastases in the 
para-aortic area as first site and may occasionally be an 
isolated site of relapse, which strengthens the argu-
ment for lymphadenectomy at the time of initial sur-
gery [32, 40, 42]. Alternatively, as recommended by 
Hoskins and others, extended field irradiation may pre-
vent this but at the cost of additional morbidity.

Early relapse is common and usually aggressive, but 
occasional cases may recur 2–3 years later and if the 
patient is of good PS, reconsideration of surgery must 
be done and chemotherapy must be given. If the time 
interval exceeds 12–18 months, re-challenging with 
platinum and etoposide is worth considering. Isolated 
pelvic masses may require further surgery or radiation 
depending on prior treatment. The CAV(E) regime 
incorporating cyclophosphamide, doxorubicin and vin-
cristine may be used and is a good choice in the poorer-
performance patient. Topotecan and other camptothecins 
may be considered for relapse but have not been exten-
sively tested in first line setting in cervical SCC.

For patients who achieve a complete remission, 
especially if they presented with extensive disease, 
consideration should be given to PCI as used in exten-
sive SCLC.

19.8 � Large Cell Variant 
of Small Cell Cancer

Large cell variants are more challenging and again 
there is a paucity of publications in the literature. There 
are a few pathology papers mainly from the last 10 
years [53–56]. In general they are treated along the 
same lines, with primary surgery and adjuvant therapy 
for earlier small volume disease, and primary chemo-
therapy and radiation plus or minus surgery for more 
extensive disease. Again platinum and etoposide are 
likely to be the preferred agents.

19.9 � Conclusions

These are uncommon cancers and there is clearly much 
further work to be done in terms of the optimal inves-
tigations, staging and management of these tumours. 
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Because of their rarity, a case can be made for regional 
centres to look after these rare cancers. These centres 
should develop agreed protocols and there should be a 
local database and internationally agreed protocols for 
their management so that more information can be 
gained about the optimal care. Opportunities for trans-
lational research and new clinical trials can only be 
reached by such collaboration.
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20.1 � Introduction

Malignant melanoma is an aggressive disease which 
affects both skin and mucosal surfaces. Primary malig-
nant melanoma of the female lower genital tract, 
including vulva and vagina, is a rare entity. This dis-
ease accounts for only approximately 5–10% of all 
vulvar malignancies [1]. Primary vaginal melanoma is 
an even less common variant. Due to the scarcity of 
malignant melanoma at these sites, there is little evi-
dence-based literature to guide clinicians in the appro-
priate management of patients. In contrast to this, there 
has been a threefold increase in cutaneous melanoma 
in recent years [2] with many advances in diagnosis 
and treatment. This has meant that, inevitably, clinical 
trials involving cutaneous malignant melanoma have 
been used to draw parallels with disease of the vulva 
and vagina. This is a contentious issue and one which 
affects the way these tumours are both staged and man-
aged appropriately.

20.2 � Demographics and Aetiology

Caucasian females have an increased relative risk (RR 
2.6) of vulvar melanoma [1], although this does not 
apply to vaginal disease. Disease occurs in an older 
population than cutaneous melanoma (30–40 years), 
with a recent large multivariate analysis suggesting a 
median age at diagnosis of 68 years [3] in vulvar 

melanoma. Vaginal melanoma has been shown to 
occur in a slightly younger age group of approximately 
58 years [4].

Aetiological factors relating to melanoma of the 
female genital tract are less well understood than their 
cutaneous counterparts. Genital tract melanomas are 
not exposed to ultraviolet radiation, therefore sun 
exposure does not contribute to the aetiology unlike 
cutaneous melanoma. In fact, in stark contrast to cuta-
neous melanoma, the incidence of this disease has 
remained static [5].

20.3 � Clinical Presentation

The clinical presentation of vulvar and vaginal mela-
noma is non-specific, and can include the presence of 
a mass, pigmented skin change or itch. Women who 
present with suspicious pigmented lesions should 
undergo examination and full thickness biopsy. Locally 
advanced disease may be suggested by pain, bleeding 
or vaginal discharge.

20.4 � Histopathological Subtypes

There are three histological subtypes of vulvar mela-
noma which have been described in substantial detail 
by a large Swedish Group [6]. These consist of mucosal 
lentiginous melanomas, superficial spreading mela-
noma and nodular melanomas. Mucosal lentiginous are 
the most common subtype, although nodular types are 
more aggressive with earlier metastasis evident [6].

Nodular melanoma is the most common subtype 
described in vaginal melanoma [7].
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20.5 � Staging and Prognosis

Vulvar cancers are surgically staged. Debate has existed 
over the appropriateness of different staging systems 
in  vulvar and vaginal melanoma. The International 
Federation of Gynaecology and Obstetrics (FIGO) 
staging system has previously been used, but this clas-
sification system applies only to squamous carcinoma 
of the lower genital tract. FIGO staging for vulvar and 
vaginal cancer is shown in Table 20.1 and 20.2. Staging 
systems for cutaneous melanoma which are now com-
monly applied to genital tract melanoma include those 

based on depth of local invasion (Clark [8], Chung [9]) 
and lesion thickness (Breslow [10]), which are com-
pared in Table  20.3. Chung et  al. [9] modified the  
Clark [9] system to specifically incorporate anatomy of 
the vulva. In general terms, more locally invasive and 
thicker tumours have a worse prognosis. Recently, the 
cutaneous melanoma tumour node metastasis (TNM) 
staging system has been revised, but this has not been 
incorporated into staging of lower genital tract mela-
noma [11]. Interestingly, a prospective Gynaecologic 
Oncology group (GOG) trial of vulvar melanoma has 
shown, though, that TNM staging has a better correla-
tion with survival outcome than FIGO staging [12]. 
Staging has not yet been addressed prospectively in 
those patients with vaginal melanoma.

In comparison to other malignancies, there have been 
few centres which have accrued sufficient numbers of 

Vulvar cancer

Carcinoma of the vulva (FIGO 2008)

Stage 0 Deleted

Stage I Tumour confined to the vulva

IA Lesions £2 cm in size, confined to the vulva or 
perineum and with stromal invasion £1.0 mma, 
no nodal metastasis

IB Lesions > 2 cm in size or with stromal invasion 
> 1.0 mma, confined to the vulva or perineum, 
with negative nodes

Stage II Tumour of any size with extension to adjacent 
perineal structures (1/3 lower urethra, 1/3 lower 
vagina, anus) with negative nodes

Stage III Tumour of any size with or without extension to 
adjacent perineal structures (1/3 lower urethra, 
1/3 lower vagina, anus) with positive nodes

IIIA (i)    With 1 lymphnodal metastases(³ 5 mm), or  
(ii)  1-2 lymphnodal metastases(< 5 mm)

IIIB (i)   � With 2 or more lymphnodal metastases  
(³ 5 mm), or 

(ii)�  3 or more lymphnodal metastases(< 5 mm)

IIIC With positive nodes with extracapsular spread.

Stage IV Tumour invades other regional (2/3 upper 
urethra, 2/3 upper vagina), or distant structures

IVA Tumour invades any of the following:
(i)    � upper urethral and/or vaginal mucosa, 

bladder mucosa, rectal mucosa, or fixed to 
pelvic bone, or

(ii) � fixed or ulcerated femoral-inguinal lymph 
nodes

IVB Any distant metastasis including pelvic lymph 
nodes

Table 20.1  FIGO staging system of vaginal cancer

aThe depth of invasion is defined as the measurement of the 
tumour from the epithelial-stromal junction of the adjacent most 
superficial dermal papilla to the deepest point of invasion

Stage 0 Carcinoma in situ; intraepithelial neoplasia 
grade III

Stage I Carcinoma limited to the vaginal wall

Stage II Carcinoma involves subvaginal tissue but 
without extension to pelvic side wall

Stage III Carcinoma extends to pelvic side wall

Stage IVa Tumour invades bladder +/or rectal mucosa +/
or direct extension beyond true pelvis

Stage IVb Distant metastasis

Table 20.2  FIGO staging: vaginal cancer

Staging 
level

Clark Breslow 
thickness 
(mm)

Chung

I Confined to 
epidermis

<0.75 Confined to 
epidermis

II Invades 
basal layer 
epidermis

0.76–1.5 <1 mm invasion 
dermis or lamina 
propria

III Invades 
papillary 
dermis

1.5–2.5 1.0–2.0 mm 
invasion into 
subepithelial tissue

IV Invades 
reticular 
dermis

2.26–3.0 >2 mm invasion to 
fibrous tissue

V Invades 
subcutane-
ous fat

>3.0 Invades 
subcutaneous fat

Table  20.3  Comparison of staging systems for cutaneous 
melanoma
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patients to identify true prognostic factors related to 
melanoma of the vulva and vagina. Prognosis for lower 
genital tract melanoma is generally poor, regardless 
of the treatment delivered [13]. Multivariate analysis 
has shown that increased age, later stage disease and 
nodal metastasis are adverse prognostic factors in vul-
var melanoma [3]. Other negative prognostic factors 
related to vulvar disease include ulcerated disease, 
centrally located tumours, increased mitotic activity 
and DNA ploidy [13, 14]. The only prognostic factor 
which is significant for patients with vaginal melanoma 
is tumour size [15].

20.6 � Role of Primary Surgery

Primary surgery remains pivotal in controlling, or even 
curing, vulvar melanoma. However, there are no pro-
spective randomised controlled trials (RCTs) to guide 
the extent of primary surgery which is required here. 
Historically, patients underwent radical surgery and 
bilateral inguinofemoral lymph node dissection [16]. 
Recently though, reports have shown that radical sur-
gery has no survival benefit over more conservative 
local resection with clear margins [17, 18], potentially 
preserving normal tissue and overall function. Based on 
cutaneous melanoma retrospective studies, vulvar mel-
anoma margins should be 1 cm if the tumour is less than 
1 mm thick, and 2 cm if it is 1–4 mm thick. The margin 
of depth should be 1 cm in all cases, though [19].

The impact of surgery on vaginal melanoma is not 
well understood. There are limited conflicting retro-
spective clinical data. Some authors suggest an 
improved survival with exenterative surgery [20], and 
they would advocate this more aggressive surgical 
procedure as vaginal melanoma can metastasise ear-
lier than its cutaneous counterpart [21]. This is in con-
trast to other reports that suggest no significant survival 
benefit in radical vs. conservative surgery [7, 15].

Utilisation of improved imaging techniques is useful 
in the preoperative assessment of patients with vaginal 
melanoma. Positron emission tomography (PET)-CT is 
more accurate than CT or MRI alone in detecting meta-
static disease in cutaneous melanoma [22]. PET-CT is 
also an accurate way to determine extent of disease in 
patients with vaginal melanoma. This can potentially 
upstage disease, and alter surgical management and 
treatment depending on PET-CT findings [23].

20.7 � Assessment of Lymph Node Status

Groin lymph node status is the most significant prog-
nostic factor in vulvar malignancy [24]. Specifically, 
in vulvar melanoma, five-year survival rates for those 
patients with positive nodes vs. those with negative 
nodes are significantly poorer [3]. Currently, there are 
no non-invasive investigations which can accurately 
assess nodal status prior to surgery. Studies evaluat-
ing the accuracy of PET-CT, MRI and ultrasound 
with histology after sentinel node surgery are needed. 
Recommended treatment in squamous cell malignancy 
includes inguinofemoral lymph node dissection which 
carries significant associated morbidity [25, 26], and 
only up to 35% of patients will actually have positive 
nodes in early stage disease [27]. In contrast, cutane-
ous melanoma is treated with local excision and selec-
tive regional node dissection.

The role of sentinel lymph node biopsy was origi-
nally described in 1977 [28]. Melanoma invariably 
metastasises via the lymphatics. The first affected 
lymph node is the sentinel node, and this can be located 
by a hand-held g probe and confirmed as the sentinel 
node using blue dye staining. It is then removed for 
histological examination. There is no consensus on 
whether this procedure is appropriate for use in patients 
affected by melanoma of the vulva or vagina. There is 
some recent evidence which has shown it to provide 
useful prognostic information in the management of 
patients with early stage vulvar malignancy [29, 30] 
and melanoma [31, 32]. Some evidence suggests that 
sentinel node detection is highly accurate in identify-
ing those vulvar cancer patients with positive nodes in 
whom it may be appropriate to perform inguinofemoral 
lymph node dissection [33, 34]. However, this may not 
necessarily pertain to melanoma itself. Evidence sug-
gests that small micrometastases in the sentinel node 
have no prognostic relevance in melanoma, which can 
result in upstaging disease and performing unnecessary 
lymphadenectomy in patients [35, 36]. The multicentre 
selective lymphadenectomy trial (MSLT-1) showed no 
significant survival difference in those patients who 
underwent regional lymphadenectomy if the sentinel 
node was positive [37]. Additionally, there is no current 
role for adjuvant therapy in those sentinel node posi-
tive patients with vulvar or vaginal melanoma without 
clinical trials. However, although the removal of a pos-
itive sentinel node may not significantly improve long-
term survival, this does reduce the chance of recurrent 
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disease in the affected lymph node basin. Additionally, 
if patients are counselled that the sentinel node biopsy 
is normal, they can be reassured that metastatic disease 
in the regional lymph nodes is unlikely.

20.8 � Role of Adjuvant Therapy

The role of adjuvant radiotherapy in the treatment of 
lower genital tract melanoma is unproven. There may 
be some advantage in its utilisation in patients with vul-
var disease, including melanoma, if there are confirmed 
positive surgical margins or in those with positive lymph 
nodes [38, 39]. Larger studies are required, though. 
Radiotherapy treatment may achieve a locoregional 
response in a select group of patients with vaginal mela-
noma [40], but there is no evidence for its routine use. 
There is no current role for chemotherapy in lower geni-
tal tract melanoma outside the setting of a clinical trial.

There are currently randomised Phase III trials of 
more novel therapeutic agents underway. The use of 
adjuvant interferon alpha-2b in treating cutaneous mela-
noma has been examined in a meta-analysis and may 
benefit select subsets of patients [41]. Although the 
recent EORTC 18991 trial showed an improvement in a 
subgroup of patients with microscopic disease, the dif-
ferences were small and this was not evident in those 
with gross nodal involvement [42]. Relapse-free inter-
vals and survival therefore remain poor. The GOG in the 
USA have a phase II study of dasatinib in melanomas of 
the vulva and vagina harbouring mutations of c-kit.

20.9 � Conclusion

Malignant melanoma of the vulva and vagina encom-
passes a rare group of malignancies occurring in an 
older population than does cutaneous melanoma. 
These tumours have an overall poor prognosis, and 
there remains a lack of consensus in the current pub-
lished literature on how they should be treated. Surgery 
does remain the gold standard of treatment, and local 
excision with a margin of between 1 and 2 cm rather 
than more radical excision does not reduce survival in 
patients. Sentinel lymph node biopsy may provide 
prognostic information but there is still not sufficient 

evidence for its routine clinical use. The use of adju-
vant therapy in melanoma of the vulva and vagina 
remains unproven, but with larger clinical trials inves-
tigating the use of novel chemotherapeutic agents in 
cutaneous melanoma, it would be anticipated that these 
findings may be extrapolated to those patients with 
lower genital tract melanoma in due course.
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21.1 � Introduction

The estimation of the worldwide cancer burden indi-
cates that gynecologic cancers (i.e., cancer of the vulva, 
vagina, cervix uteri, uterine corpus, ovary, and fallopian 
tube) account for 19% of the 5.1 million estimated new 
cancer cases and 2.9 million cancer deaths in 2002 
[143]. They account for 22% of all new cancer cases 
among women in developing countries compared to 
15% of all new cases among women in developed coun-
tries. Overall incidence distinguishes developed from 
developing countries; also, the incidence of the gyneco-
logic cancers is remarkably different. Endometrial can-
cer and ovarian cancer are the most frequent gynecologic 
malignancies in developed countries, and increasing 
age of the populations in those countries will even 
increase the relative frequency of both entities related to 
cervical cancer. Both the availability of population-
screening programs and HPV immunization, espe-
cially in developed countries, will add to this disparity. 
In contrast, cancer of the cervix is the second most 
common cancer among women worldwide due to the 
fact that it is the most common gynecologic cancer in 
the developing world [143]. In unscreened popula-
tions, the peak risk of invasive cervical cancers occurs 
earlier than for most adult cancers, peaking or reaching 
a plateau from about 35–55 years of age [67]. The 
increase starts in the second decade and early in the 
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third decade [67]. This partial overlap with the repro-
ductive era renders pregnant women susceptible to cer-
vical cancer. In contrast, endometrial, vulvar, and 
ovarian cancers are diagnosed less frequently in the 
reproductive era.

Cancer affecting the reproductive system during 
pregnancy is a complex situation that endangers at 
least two lives, those of the pregnant woman and the 
fetus. The tremendous therapeutic challenge impli-
cated by this coincidence on one hand and the sparse 
experience of individual clinicians on the other hand 
demands clinical guidance. However, literature data on 
cancers of the pelvic female reproductive system dur-
ing pregnancy mainly consist of anecdotal case reports 
or small series only. We expected that gathering and 
summarizing all available data could help to provide a 
useful tool in this situation. Therefore, we organized 
an International Consensus meeting on 3rd July 2008 
in Leuven, Belgium.

Experts were selected in order to cover the fields of 
gynecologic oncology, medical oncology, clinical 
pharmacology, obstetrics, pediatrics, and radiation 
oncology. A basic manuscript and a CD-ROM includ-
ing 263 articles was sent to all participants before 
the  meeting. These articles were identified during a 
PUBMED search looking for keywords including 
pregnancy, offspring, cancer, chemotherapy, radiother-
apy, cervical, vulvar, endometrial, and ovarian. Articles 
before 1990 were only included if considered impor-
tant. Some articles were hand searched based on refer-
ence lists. Cancers diagnosed in the postpartum are 
excluded. Malignant trophoblastic disease was regarded 
as a distinct and well-described entity and was not 
included.

All participants were assigned to comment on and 
review the topic of their experience. This new manu-
script served as a basis for discussion during the meet-
ing. The discussion during the meeting resulted in a 
new version that circulated six times. All participants 
agreed with the final recommendations. Questions we 
sought to answer in particular include the identifica-
tion of stages that exclude pregnancy preservation as a 
safe option, requirements for safe surgery for pelvic 
cancer during pregnancy, alternative surgical treatment 
options that aim to preserve the pregnancy, choice of 
chemotherapy, timing of delivery, and the neonatal 
outcome.

We focus firstly on imaging and cancer treat-
ment  modalities during pregnancy, subsequently on 

monitoring of the pregnancy and neonatal outcome 
and finally on organ pathology.

21.2 � Imaging and Oncological 
Treatment Modalities During 
Pregnancy

The risk of fetal damage (for example, by surgery 
related hypoxia, radiation, or chemotherapy) and hence 
the possibility to stage and treat cancer during preg-
nancy will largely depend on the exposure period in 
pregnancy. With regard to this, the pregnancy can be 
divided into three stages: fertilization/implantation, 
organogenesis, and the fetal phase.

During the first 10 days post-conception (fertiliza-
tion/implantation) cells are omnipotent and can develop 
in the three different embryological layers. Viability 
will depend on the number of cells that is killed during 
treatment and this will result in an “all-or-nothing” 
phenomenon. When sufficient cells remain the embryo 
will unaffectedly develop normally. However, when 
too many cells are damaged, miscarriage will occur.

The most vulnerable phase expands from 10 days 
until 8 weeks after conception (organogenesis). The 
potential for fetal damage is the highest during this 
period but varies depending on the agents used. The 
use of radiation or cytotoxic drugs during the organo-
genesis will increase the risk for fetal malformations, 
but a background risk of 3% is inevitable [26]. 
Therefore, radiation or chemotherapy until 10 weeks’ 
gestational age (= duration of amenorrhea) is contrain-
dicated. However, some systems including the eyes, 
genitals, hematopoietic system, and the central ner-
vous system continue to develop afterwards. We prop-
agate a 2–4-week “safety period” in order to allow 
treatment from 12–14 weeks’ pregnancy (i.e., 10–12 
weeks after conception). Proper dating is crucial to 
plan safe treatment. During the second and third tri-
mesters, radiotherapy and chemotherapy can be admin-
istered relatively safely [26, 83]. Chemotherapy is 
administered until a gestational age of 35 weeks or 
preferably, an interval of at least 3 weeks before deliv-
ery is aimed for. When the interval is too short, there is 
a risk for delivery-related maternal/fetal infection or 
bleeding, whereas an inadequate elimination of cyto-
toxic drugs by the immature fetal organs may contrib-
ute to an increased fetal risk.
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21.2.1 � Imaging and Diagnosis 
During Pregnancy

Staging should be as comprehensive as in nonpregnant 
women. Ultrasonography and magnetic resonance 
imaging are relatively safe and widely used during 
pregnancy [118, 136]. The safety for the latter however 
is not proven [136]. In contrast to previous belief, gad-
olinium-enhanced magnetic resonance imaging is also 
possible during pregnancy [171]. X-ray studies expose 
the fetus to radiation and the highest dosages are gen-
erated by computed tomography (Table 21.1).

Although the fetal doses do not reach the threshold 
dose for deterministic effects, stochastic effects need to 
be considered since fetuses have a high proportion of 
dividing cells [83]. In children this results in a higher 
lifetime risk for cancer after exposure to radiation [22]. 
The risk for childhood cancer is highest after abdomi-
nopelvic imaging (but not other sites) with exposure 
during the third trimester [43, 94]. Positron emission 
tomography combined with computed tomography 
exposed the fetus to 19 mGy and might be considered if 
it is the only tool to make a proper diagnosis [176]. 
Staging examinations during pregnancy are possible but 
fetal protection with abdominal shielding is advised.

The incidence of adnexal masses during pregnancy 
varies from 2.3 to 4.1% [20, 61]. The diagnosis and 
characterization of the adnexal mass is mainly based on 
sonography findings and less on serum tumor markers 
such as alpha-fetoprotein, CA 125, human chorion 
gonadotropin, and inhibin as these fluctuate during 
pregnancy and are less specific [61]. An expert sonogra-
pher needs to characterize the lesion. Nulliparity and 
treatment for infertility increase the risk for a pathologic 
mass [86, 117]. Ultrasound-guided aspiration of the cyst 
should be avoided, as the sensitivity of diagnosis from 

aspiration is only 70% [103] and the recurrence rate of 
cyst is around one third [66]. Cyst aspiration is not reli-
able for diagnosis, but may worsen the prognosis in case 
of early ovarian cancer [113, 167]. Furthermore, approx-
imately 90% of lesions diagnosed during the first trimes-
ter of pregnancy will disappear spontaneously. Pathologic 
lesions are most frequently benign and include teratoma, 
cystadenoma, endometrioma, ovarian cysts, or leiomyo-
mas. It is estimated that approximately 6% of all operated 
adnexal masses are malignant,[61] including epithelial 
(49–75%), sex cord stromal (9–16%) and germ cell 
tumors (6–40%) [61, 124].

The sentinel lymph node procedure with 99mTc can 
safely be performed during pregnancy. Studies in 
breast cancer show that after injection of 18.5  MBq 
99mTc the fetal dosage approximately ranges from 0.0 
to 0.05  mGy, which is far below the deterministic 
threshold dosage [56, 87]. This is mainly due to the 
low dosages that are administered and due to the fact 
that 99mTc is captured in the lymph nodes during a 
period during which radioactivity decreases consider-
ably. The exposure after sentinel node procedure is in 
the same level as few day dosages of natural back-
ground irradiation [56, 87, 130]. In vulvar cancer, a 
dosage of 60 or 80  MBq is often used to detect the 
sentinel lymph node. Approximately 80% of a theo-
retical dosage of 100 MBq remains in the pelvis (injec-
tion location and some lymph nodes). The distance 
from the fetus is at least 10 cm. In this situation, fetal 
exposure can be estimated to be 100 mSv (or 0.1 mGy). 
According to the International Commission on 
Radiological Protection (ICRP) [56], fetal risk starts 
from 100  mSv (or megagray). The fetal exposure is 
thus 1,000 times lower and the fetal risk is negligible 
when a sentinel node procedure is used for vulvar can-
cer (Ate Van der Zee, personal communication) [166].

Procedure Fetal dose (cGy) Procedure Fetal dose (cGy)

Chest X-ray (PA and lateral) 0.00006 Lumbosacral spine 0.2–0.6

Abdominal X-ray 0.15–0.26 Mammography 0.01–0.04

Pelvic X-ray 0.2–0.35 CT thorax 0.01–1.3

Intravenous pyelography 0.4–0.9 CT abdomen 0.8–3

Barium enema 0.3–4 CT pelvis 2.5–8.9

Dorsal spine <0.001 Tc bone scan 0.15–0.20

Lumbar spine 0.4–0.6

Table 21.1  Approximate fetal absorbed doses during imaging studies [8]. The threshold dose for fetal damage is estimated to vary 
between 10 and 20 cGyak
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Anaphylactic reaction to patent blue has been 
described [4, 36]. However, treatment of this side effect 
during pregnancy is hazardous and fetal well-being is 
put into danger. The use of patent blue for the detection 
of the sentinel node is therefore not recommended.

21.2.2 � Surgery During Pregnancy

Overall 0.75–2% of pregnant women will undergo sur-
gery during pregnancy. Most common indications 
include cholecystitis, appendicitis, and ovarian cysts. 
Anesthesia is safe during pregnancy if physiologic 
adaptations are considered [121]. The most important 
recommendations are summarized in Table  21.2. 
Adequate maternal monitoring is crucial preventing 
hypoxia, hypotension, and hypoglycemia. Pregnant 
patients should be positioned in left lateral tilt to pre-
vent caval compression. Preoperative fetal monitoring 
is always difficult to interpret and is only useful if clin-
ically relevant. Fetal monitoring during surgery for 
gynecologic cancers is mostly not feasible. A car-
diotocography, Doptone, or ultrasound just before and 
after the surgery may be useful to exclude direct fetal 

damage associated with surgery. With regard to fetal 
resuscitation, the local policy needs to be followed.

Cohen-Kerem et al. reviewed over 12,000 cases of 
surgery during pregnancy [32]. The data suggest that 
surgery does not increase the risk for miscarriage and 
congenital anomalies. Only in cases of peritonitis fetal 
loss rate was increased. However, most of the reported 
surgeries did not include the reproductive tract or were 
indicated for cancer treatment. The latter may involve 
procedures like lymphadenectomies which are not 
included in most reports. Therefore, conclusions 
should be interpreted cautiously.

Surgery might slightly increase preterm delivery 
but numbers are difficult to interpret since no compari-
son was made with a normal pregnant population.

There is no literature supporting the prophylactic 
use of tocolysis in cases of surgery during pregnancy. 
When signs of preterm labor are present periopera-
tively, tocolytic agents like nifedipine, atosiban, or 
indomethacin (<32 weeks) should be considered [59, 
104, 138, 175].

Jackson et al. concluded that laparoscopic surgery 
during pregnancy is safe and effective when performed 
in experienced hands [80]. The CO

2
 pneumoperito-

neum and CO-production during electrocoagulation 
does not seem to be hazardous to the fetus as long as 
the maximal pressure (normal 10–13 mmHg, max 15 
mmHg) and operation time (25–90 min) are respected 
[2, 80, 104, 138, 175]. Open laparoscopy (opening of 
the peritoneum under direct visualization instead of 
using the Verres needle) is mandatory in order to avoid 
uterine perforation.

21.2.3 � Systemic Anticancer Treatment 
During Pregnancy

Most anticancer drugs exhibit a narrow therapeutic 
window with small margins between toxic and thera-
peutic exposure. Inter-individual pharmacokinetic and 
pharmacodynamic variabilities are usually substantial 
and may be augmented by pregnancy [157]. During 
pregnancy multiple changes in physiology occur, affect-
ing the major pharmacokinetic processes of a drug: 
absorption, distribution, metabolism, and excretion 
(ADME) [92]. This may have therapeutic and toxic 
consequences for both the pregnant woman and the 
fetus. Due to ADME changes, the pregnant patient may 

Anesthesia Position: pregnant patients in left lateral tilt
Prevent hypoxia, hypotension and 
hypoglycemia
Adequate postoperative analgesia

Fetal 
monitoring

Screening ultrasonography before surgery
Assessment of fetal well-being immediately 
pre and post-surgery

Uterine 
monitoring

Pre- and post-surgery

Lung 
maturation

Dexamethasone or betamethasone 24 h 
before interventions between 24–34 weeks

Tocolytic 
drugs

Case-related: to be discussed with 
obstetrician
Consider when uterine manipulation is 
expected
Should be started in case of preterm labor

Thrombosis 
prophylaxis

Low molecular weight heparin 
recommended

Laparoscopy Open technique
Limit pressure (max 15 mmHg) and time 
(<90 min) of pneumoperitoneum

Table 21.2  Recommendations for maternal and fetal surveillance 
when pregnant women are operated
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be exposed to subtherapeutic or toxic drug levels and an 
unwanted amount of drug may be delivered to the fetus. 
Obviously, these situations should be prevented, par-
ticularly in oncology where patients are treated with 
strong-acting, mutagenic, and teratogenic chemothera-
peutics. The pharmacodynamic (antitumor activity/tox-
icity) consequences of all these physiological changes 
that theoretically lead to changes in drug exposure of 
pregnant patients are difficult to predict without phar-
macokinetic data. Preclinical data evaluating exposure 
to a given dose in pregnant animals are also scarce but 
even if available, it is questionable how this information 
can reliably be translated to the clinic. Only one report 
compared maternal doxorubicin levels during and after 
pregnancy [160]. The results in a single case point to a 
lower drug exposure and decreased tissue toxicity when 
doxorubicin is administered during pregnancy. Despite 
the putative, emerging pharmacokinetic changes of 
chemotherapeutics during pregnancy, there are, how-
ever, so far no indications that pregnant cancer patients 
when treated with standard height–weight-based dosed 
chemotherapy are at higher risk for reduced efficacy or 
more toxicity than nonpregnant patients treated with 
the same drugs and dosages.

The effect on the fetus is another aspect of chemo-
therapy during pregnancy. The term “placental barrier” 
is a misnomer and false notion since the placenta is not 
a true barrier for the transfer of most substances from 
mother to fetus [152]. Instead the placenta is the entry 
through which the fetus is exposed to chemicals. 
Placental transfer of drugs from the maternal to the 
fetal side occurs predominantly via passive diffusion 
and to a lesser extent via active transport and facili-
tated diffusion. The amount and rate of transfer is pri-
marily determined by the concentration gradient of the 
drug between the maternal and fetal circulation and 
placental blood flow. Besides the physicochemical 
properties of drugs such as lipid solubility and polarity, 
molecular weight and protein binding are also critical 
for placental transfer. Uncharged, low-molecular 
weight (<500  Da), lipid-soluble and unbound com-
pounds can easily cross the human placenta. This 
implies that it can be expected that apart from the clas-
sic chemotherapeutic agents, new small targeted mol-
ecules also freely cross the placenta and reach the fetal 
circulation. Cardiac output is elevated through the sec-
ond trimester and into later stages of the third trimes-
ter. The placenta will receive a gradually increasing 
proportion of total blood volume. Drug delivery to the 

placenta may therefore increase over the course of 
pregnancy. Recently it has been recognized that sub-
strate-transporting proteins are present in the fetus-
derived epithelial cells that make up the exchange 
border between the fetal and maternal blood compart-
ment. These ATP energy-requiring transporters work 
against a concentration gradient and transport, for 
instance, nutrients into the fetal circulation. They can, 
however, also pump drugs including anticancer agents. 
The transporters are located in the syncytiotrophoblast 
plasma membrane, at the interface of the maternal and 
fetal circulations. Dependent on their location, apical or 
basolateral, they actively pump substrates from mater-
nal to fetal (e.g., the organic cation transporter, OCTN), 
or fetal to maternal circulation (e.g., P-glycoprotein; 
P-gp). P-gp has received a great deal of attention in this 
respect. In the placenta it is located in apical tropho-
blast cells of the brush-border membrane. The Mdr1a/
Mdr1b (P-gp) knockout mouse model has proved to be 
a useful tool for elucidating the contributions of pla-
cental P-gp in drug pharmacology, e.g., for paclitaxel 
[149]. It is suggested that P-gp in the placenta protects 
the fetal circulation for paclitaxel entrance. The same 
holds for the breast cancer resistance protein (BCRP), 
another member of the ATP-binding cassette family 
of drug transporters. BCRP restricts the passage of 
topotecan and mitoxantrone to the fetus [82]. Other 
identified placental transporters are the multidrug res
istance proteins (MRPs), OCTNs, monocarboxylate 
transporters (MCTs) etc. [152]. The human placenta 
contains phase I (Cyt P450) and II (transferases) drug-
metabolizing enzymes. Clinical relevance is, however, 
poorly understood [152]. Concomitant administration 
of drugs that block these transporters or modulate the 
metabolizing enzymes harbors the risk of leading to 
unintended exposure of the fetus to chemotherapy, 
and thus, alertness is advised when drug combinations 
are used.

Specific cytotoxic drug effects are difficult to 
describe since combinations are frequently used and 
since co-medications including steroids, analgesics, 
anti-emetics, and growth factors are administered as 
well. How chemotherapeutics should be dosed in preg-
nant women is uncertain and needs further research. 
Up till now the same schemes are used as in nonpreg-
nant women. Table 21.3 compares combinations used 
in nonpregnant and pregnant women. Cytotoxic drugs 
used in gynecologic cancer include platin, paclitaxel, 
bleomycin, etoposide, and vinblastine.
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Based on 37 reported cases, we calculate that cis-
platin exposure resulted in moderate bilateral hear-
ing loss in 1 of 37 (2.7%) and ventriculomegaly e 
causa ignota in 1 of 37 (2.7%) [15, 25, 48, 49, 55, 69, 
74, 85, 89, 90, 96, 99, 126, 128, 135, 140, 150]. This 
latter patient received one cycle of bleomycin, cis-
platin, and etoposide at a gestational age of 26 weeks. 
Apart from significant manipulation of the uterus to 
remove the uterus and the development of a pelvic 
hematoma requiring blood transfusion that might 
have been associated with fetal hypoxia, a direct 
neurotoxic effect must be considered [48]. In another 
case, maternal sepsis following bleomycin, cisplatin, 
and etoposide administration occurred, resulting in 
preterm labor [135]. The premature neonate (1,190 g) 
developed respiratory distress syndrome, myelosup-
pression, hearing impairment, and alopecia. Although 
cisplatin might have contributed to the sensorineural 
hearing loss, prematurity and the postnatal treatment 
with gentamycin were confounding factors. Taking 
these considerations into account, administration of 
cisplatin and cisplatin-containing regimens during 
pregnancy resulted in absence of congenital anoma-
lies and normal neurological development in 35 of 
37 (95%).

Carboplatin has been administered during preg-
nancy in eight cases (of which four had carboplatin in 
association with paclitaxel) and a normal neonatal out-
come was noted in each [70, 75, 107, 114, 133, 153]. 
Based on a better toxicity profile, we recommend car-
boplatin instead of cisplatin if evaluated in the respec-
tive tumor entity. Until more data are available on the 
pharmacokinetics during pregnancy, we recommend 
dosing as usual for ovarian tumors in nonpregnant 
women (AUC 5–7.5). AUC is based on the glomerular 

filtration rate, with an upper safety limit of carboplatin 
of 800  mg [46]. Dose escalations can be planned 
according to blood counts subsequently.

Twenty case reports were found documenting the 
outcome after the use of taxanes during pregnancy: 13 
on paclitaxel [13, 52, 54, 63, 75, 95, 101, 107, 114, 150] 
and seven on docetaxel [40, 53, 90, 122, 134, 146]. 
In  17 of 20 cases, taxanes were administered after 
other cytotoxic drugs (patients with breast cancer) or 
in combination with other cytotoxic drugs (patients 
with ovarian or lung cancer). Except for one case of 
hydrocephalia in a patient given docetaxel with doxo-
rubicin-cyclophosphamide but with normal outcome 
of the child after 28 months [134], no fetal or neonatal 
problems after use of taxanes during pregnancy have 
been observed.

At least nine cases of a combination of bleomycin, 
cisplatin, and etoposide (BEP) during pregnancy for 
treatment of germ cell tumors have been described 
[15, 48, 69, 74, 85, 89, 99, 135]. Although reports 
describe a normal neonatal outcome, one child with a 
significant ventriculomegaly with cerebral atrophy was 
born after one cycle of BEP and one case of hearing 
impairment (see discussion above) [48, 135]. Based on 
this poor neonatal outcome and given the paclitaxel 
activity in germ cell tumors [105, 106], paclitaxel and 
carboplatin can be administered [75]. Vinca alkaloids 
are already in use for a long time and many reports 
cite  their use as being relatively safe in pregnancy  
[26, 39, 57]. Also vinblastine may replace etoposide 
since cisplatin-vinblastine-bleomycin (PVB) has been 
used in four cases without maternal or fetal complica-
tions [27, 29, 100, 116]. Based on a possible fetal risk 
and the high risk of leukemia after etoposide adminis-
tration, PVB or TC is advised in pregnant women with 
germ cell tumors (instead of BEP).

New targeted therapy is not recommended for preg-
nant patients with pelvic cancers due to the limited 
experience and the fact that large randomized phase III 
trials are still awaited to prove their efficacy.

21.2.4 � Radiotherapy During Pregnancy

Therapeutic pelvic irradiation induces severe or lethal 
consequences and is not consistent with preservation 
of the pregnancy.

Nonpregnant Pregnant

Ovarian cancer
  Epithelial Paclitaxel-

carboplatin
Paclitaxel-carboplatin

  Germ cell Bleomycin-
etoposide-cisplatin

Paclitaxel-carboplatin 
or cisplatin-vinblas-
tine-bleomycin

Cervical cancer Platin-based Paclitaxel-cisplatin
Paclitaxel-carboplatin

Table  21.3  Recommended combinations of chemotherapy in 
nonpregnant and pregnant women
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21.2.5 � Supportive Therapy and Symptom 
Control in the Pregnant Patient

Supportive treatment for chemotherapy can be given 
mainly according to the general recommendations [65]. 
Regarding the use of corticoids, methylprednisolone or 
hydrocortisone are extensively metabolized in the pla-
centa and little crosses into the fetal compartment. They 
are therefore preferred over dexa- or betamethasone [21]. 
Repeated antenatal exposure to dexa- or betamethasone 
resulted in animal models in decreased body and brain 
weight and delay in the maturation time-table [3]. 
In addition, nonhuman primates given repeated doses 
of dexamethasone showed impaired postnatal growth, 
as well as impaired glucose tolerance, hyperinsuline-
mia, increased systolic and diastolic blood pressures, 
and an exaggerated cortisol response to mild stress [41]. 
Also in the National Institutes of Health Consensus, the 
concern on impaired fetal growth, suppression of pitu-
itary-adrenal function, and long-term neurodevelop-
mental and behavioral problems following repeated 
courses of steroids was stated [119]. More children 
with attention problems, and higher rates of cerebral 
palsy have been described [38, 170].

Granulocyte colony-stimulating factor (G-CSF) 
and erythropoietin have been used safely in pregnant 
patients and their use should follow current guidelines 
for growth factor support during chemotherapy [127]. 
A list of the most important supportive drugs and their 
safety profile is presented in Table 21.4.

21.3 � Monitoring Pregnancy 
and Neonatal Outcome

21.3.1 � Monitoring of the Pregnancy, 
Complicated with a Gynecologic 
Cancer

In general, the mother and fetus should be monitored 
with the standard prenatal care. As treatment options 
will be dependent on the gestational age, it is very 
important to have a correct dating of the pregnancy. We 
advise performing a careful fetal examination by ultra-
sonographic screening before treatment is started, to 
ensure there are no preexisting fetal anomalies. Further 

Supportive drugs Fetal safety data

Anti-emetics

Metoclopramide/alizapride Metoclopramide can be used in all stages of pregnancy. Its methoxy-2-benzamide-
derivate, alizapride, is probably also safe

5-HT antagonists (granisetron, 
tropisetron, ondansetron)

Should not be withheld because of the pregnancy. Animal data suggest low risk. Case 
reports on ondansetron show its effectiveness in the control of vomiting in pregnancy 
and no adverse effects were observed in the children

NK1 antagonist (aprepitant) Should not be withheld because of the pregnancy. No human data available, animal 
data suggest low risk

Corticoids Can be used after the first trimester of pregnancy. Prednisolone or hydrocortisone are 
preferred

Growth factors

Granulocyte colony-stimulating factors 
(pegfilgrastim, filgastrim, lenograstim)

Should not be withheld because of the pregnancy. Is crossing the placenta

Erythropoietins Should not be withheld because of the pregnancy. Is probably not crossing the 
placenta

Pain-medication

Paracetamol Drug of preference (till 4 g/d)

Nonsteroidal anti-inflammatory drugs Can be used between 12 and 32 weeks of gestation

Table 21.4  Most important supportive drugs and their fetal safety profile [93–95]
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ultrasound scans should be performed every 2–3 weeks 
to evaluate the fetal growth, development, and well-
being. In the case of abnormal findings, more stringent 
monitoring of the fetus or even preterm delivery might 
be necessary. Pregnancy-related complications should 
be treated according to the standard obstetrical care.

Delivery should take place in a hospital with a neo-
natal care unit. When possible, the delivery should be 
delayed until 35–37 weeks and beyond and preferably 
should not be before 32 weeks. If the parents wish to 
save the pregnancy, one should attempt to reach at least 
the 28th week of pregnancy. Sequelae associated with 
preterm birth, of which neurodevelopmental impair-
ments and cerebral palsy are the most important, 
increase with decreasing gestational age [8, 45, 112, 
172]. The risk for long-term neurologic sequelae should 
be avoided if possible and discussed with the parents. 
When delivery is planned before 34 weeks, fetal lung 
maturation must be considered [37].

The placenta should be examined for metastases, 
but fetal involvement has never been described for 
these cancers [5, 24]. If treatment is to continue post-
partum, breast-feeding during chemotherapy is con-
traindicated, as most of the agents used can be excreted 
in breast milk.

21.3.2 � Neonatal and Long-Term 
Outcome After In Utero 
Exposure to Chemotherapy

Available studies on the outcome of the offspring lack 
both a detailed methodology and a systematic exami-
nation. Furthermore, only a selection of children has 
been investigated and no data are available on children 
who were lost to follow-up. Data on the long-term out-
come of these children are very limited. This study is 
very complex since many confounding factors have to 
be taken into account.

Concerning the follow-up of the children after intra-
uterine exposure to chemotherapy during pregnancy, 
some methodological issues need to be considered. 
There exists a large body of experience in long-term fol-
low up of children born “at risk.” Prematurity, low birth 
weight,[81] smoking,[123] alcohol,[91] weight (gain) of 
the mother before and during pregnancy[142], and stress 
[164] have all been identified as contributing factors in 
the cognitive and emotional development of children. In 

general, these factors explain the variability seen in nor-
mal people in the higher cognitive and regulatory func-
tions, such as impulsivity, attention, decision making, 
and self-regulation. Most of these functions are believed 
to be generated in the frontal lobes. In extreme cases, 
such as in the fetal alcohol syndrome, these prenatal fac-
tors can also cause disease. This field in developmental 
medicine is now called DOHaD: “developmental origins 
of health and disease” [147] and one of the most impor-
tant challenges is to find the timing and the mechanisms 
by which these factors influence normal brain matura-
tion (“fetal programming”). No doubt that one has to 
look for gene × environment interactions (e.g., in smok-
ing: Langley et al. [93]).

It is clear that other known environmental factors 
(including birth weight, prematurity, alcohol, and 
stress) should be taken into account in the models that 
need to be developed. Previous research also guides us 
on which brain functions should be examined in more 
detail and the focus should be on so-called frontal 
functions.

There is no clear one-to-one relationship between 
results on neuropsychological testing and the everyday 
performance in school and normal life. This distinction 
between the neuropsychological and the behavioral lev-
els (following the model by Frith [51]) is important to 
interpret the data that will be obtained. For instance, 
long-term follow-up on the effects of stress during preg-
nancy have shown very specific effects on self-regula-
tion functions at the age of 18 years (such as a different 
response profile in a gambling task), but the large major-
ity of the these young adults were attending university 
or high school and had a “normal life” [108].

The effect of in utero exposure to chemotherapy 
was assessed in 84 children with a median follow-up 
period of 18 years (range 6–29 years). Although the 
methodology was poorly described, the authors con-
cluded that 84 children and 12 children from the sec-
ond generation had a normal development [10]. 
Zemlikis et al. described one twin pregnancy exposed 
to cyclophosphamide [178]. One twin member was 
born with congenital malformations and developed 
thyroid cancer at the age of 11 and a neuroblastoma 
at the age of 14. The twin sister, however, was 
healthy. In the largest and recent literature review on 
this topic, Cardonic and Iacobucci described 376 
cases of in utero exposure to chemotherapy [26]. In 
this series 5% intrauterine deaths and 1% neonatal 
deaths were registered. All but three deaths occurred 
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with maternal hematological malignant disease. Two 
of these three had been exposed to idarubicin for 
breast cancer. The authors encountered 11 cases of 
congenital malformation of which 9 were exposed to 
chemotherapy in the first trimester. More recent pub-
lications also described no particular problems when 
chemotherapy was administered after the first trimester 
[28, 137]. Hahn et al. described 57 patients who were 
treated for breast cancer during pregnancy [68]. The 
telephone or mail was used to contact the parents/
guardian or teacher. Respiratory problems were the 
most important neonatal complications (n = 10). One 
child suffered from a subarachnoidal bleeding and 
three congenital anomalies were registered. Forty 
children were observed until the age of 2 till 157 
months. Medical problems that were reported at that 
time included allergy, eczema, asthma, and upper 
respiratory infections and 2 of the 18 children who 
went to school needed special attention [68]. One 
small study systematically applied a battery of neu-
ropsychological testing in 10 children. Morbidity after 
intrauterine exposure to cytotoxic drugs mainly 
appeared to be related to preterm neonates [161]. If 
possible, delivery should be planned after 35 weeks’ 
gestational age. This strategy has been shown to be 
beneficial [137].

Echocardiographic follow-up data suggest a normal 
cardiac function in children who were exposed to cyto-
toxic drugs in utero [10, 110]. In a small series, Van 
Calsteren et al. utilized echocardiographic quantifica-
tion of cardiac function using both conventional and 
newer techniques [161]. In all children, a normal car-
diac performance without morphological abnormali-
ties could be observed. However, a trend towards a 
lower wall thickness and left ventricular mass was 
recorded. The authors believe this could be due to che-
motherapy as this influences myocyte replication and 
growth. Whether the different methodology that was 
used can explain the difference is a subject for further 
study.

The limited data are relatively reassuring and do not 
show an excessive increased risk for congenital mal-
formations after intrauterine exposure to chemother-
apy during the second and third trimesters. Long-term 
follow-up data are urgently needed. Especially system-
atic follow-up, neuropsychological testing, and cardiac 
function will inform us on the cognitive and cardiac 
function, fertility, and the occurrence of secondary 
malignancies or germ cell mutations.

21.4 � Organ Pathology

21.4.1 � Pre-Invasive Cervical Cancer

Abnormal cervical cytology complicates approximately 
5% of pregnancies. Both cervical glands and stroma 
undergo physiologic alterations during pregnancy result-
ing in an increased cervical volume, stromal edema, 
glandular hyperplasia, and an increased vascularization 
that alter cytologic [16, 111] and colposcopic interpreta-
tion [16]. However, if the cytologist and colposcopist 
are aware of the pregnant state, their reliability is not 
decreased [16, 44, 162]. Moreover, a colposcopy-guided 
biopsy should not be postponed since the colposcopic/
cytologic concordance can be worse in the postpar-
tum [47]. Indications for colposcopy are the same as for 
nonpregnant patients and also the same morphological 
alterations in case of abnormality are present. Progression 
or missed diagnosis of microinvasive disease until the 
postpartum period was noted in 0.0, 1.1, 2.4, 8.0 and 
9.7% of cases [1, 33, 129, 141, 168, 174]. Since these 
results will vary interindividually, treatment for CIN 
2–3 lesions might be postponed until the postpartum 
when diagnosed by an experienced colposcopist. There 
is only very limited indication for conization in preg-
nancy in patients in whom the above-mentioned mea-
sures cannot rule out invasive disease. Then, conization 
refers to the excision of the transformation zone and a 
thickness of at least 5 mm is recommended. In the pres-
ence of pre-invasive disease, a vaginal delivery is 
allowed. However, this will not increase regression rates 
when compared to cesarean section.

21.4.2 � Invasive Cervical Cancer

The incidence of cervical cancer during pregnancy is 
estimated to be around 1.2/10,000 [132]. Pelvic exam-
inations during antenatal care contribute to the fact that 
pregnant women have a two- to threefold higher prob-
ability of being diagnosed in an operable stage of dis-
ease [177]. The treatment of cervical cancer during 
pregnancy is determined by the gestational age, stage 
of disease, and the wish of the patient to preserve the 
pregnancy.

The limited experience with an invasive cervical 
cancer diagnosed during pregnancy renders every 
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treatment proposal experimental. Therefore, when 
pregnancy is not desired, standard treatment is exe-
cuted. Radical hysterectomy of a pregnant uterus is 
possible. From the second trimester onwards, removal 
of the fetus by hysterotomy will improve the accessibil-
ity of the pelvis. Dissection of the anatomic structures 
is not more difficult during pregnancy. Sufficient expe-
rience is advised given the increased blood supply. 
Alternatively, chemoradiation can be used. Radiation 
of the pelvis during the first trimester will result in 
spontaneous abortion. During the second trimester, 
abortion may be protracted and may interfere with the 
radiotherapy. Surgical evacuation (hysterotomy or suc-
tion curettage) prior to the start with chemoradiother-
apy will facilitate subsequent chemoradiotherapy.

When pregnancy is desired, the experimental nature 
of the cancer treatment during pregnancy and the 
potential risks should be discussed with the patient 
concerned. Treatment depends on the gestational age 
and stage of disease.

During the first trimester, a conservative approach 
is proposed to reach the second trimester.

During the second trimester, stage of disease will 
determine the treatment strategy. Stage Ia1 disease is 
treated by a flat cone biopsy [173].

From stage Ia2 on, interventions including lymph-
adenectomy, neoadjuvant chemotherapy (NACT), and 
trachelectomy during pregnancy can be considered.

A lymphadenectomy is performed during gestation 
when pregnancy- or fertility-saving surgery is possible. 
Pelvic lymphadenectomy is performed in order to 
identify high-risk disease that would exclude a preg-
nancy-saving policy. A retroperitoneal laparotomic 
approach or laparoscopy [7, 72] could potentially help 
to minimize uterine manipulation and hence contrac-
tility. The pathologist should be aware of the pregnant 
state, as decidual changes in the pelvic lymph nodes 
may mimic malignant disease [9, 23, 31, 35, 73].

NACT during pregnancy can be used to stabilize or 
reduce the size of cervical cancer [12, 25, 58, 84, 102, 
128, 139, 156]. Chemotherapy for cervical cancer 
should be platinum based but the addition of paclitaxel 
will increase response rates [19]. During pregnancy, 
paclitaxel-carboplatin q3w is proposed and the number 
of cycles is guided by the presence of fetal maturity. 
However, a minimum of two and a maximum number 
of four cycles is advised. When only one cycle of che-
motherapy is needed to attain fetal maturity, a waiting 
policy is preferred.

Trachelectomy has been described as an abdominal 
[158] or vaginal procedure [163]. Experience during 
pregnancy is however very limited and the technique 
requires sufficient surgical skills and may be associ-
ated with large volumes of blood loss (irrespective of 
the approach), and the risk of pregnancy loss is consid-
erable [158]. The experimental nature of this approach 
needs to be discussed.

An algorithm for stage IA2–IB1<2 cm is presented 
in Fig. 21.1. In the absence of nodal metastasis, NACT 
followed by conservative surgery (e.g., trachelectomy) 
can be considered. However, standard treatment 
depends on the local policy and is radical hysterectomy 
or chemoradiation (Fig. 21.1, IA2–IB1 <2 cm).

An algorithm for stage IB1 2–4 cm tumors is pre-
sented in Fig. 21.2. Lymphadenectomy is mandatory 
but can be performed after NACT. The potential to pre-
serve the pregnancy depends mainly on the nodal sta-
tus and the response to NACT.

An algorithm for stage IB2–IIB is presented in 
Fig. 21.3. For these tumors, fertility-sparing surgery has 
not been sufficiently evaluated. Definitive treatment is 
performed after delivery. NACT during pregnancy can 
be applied until fetal maturity, preferably >35 weeks. 
Cesarean section is followed by final treatment. In case 
of a good response (residual tumor less than 4 cm), fer-
tility-sparing surgery can be applied in experienced 
hands in an experimental setting or standard treatment 
can be used. Standard treatment is mandatory in non-
responders. Thus, for stage IB2–IIB, lymphadenectomy 

Ib1
<2cm

Lymphadenectomy 

Standard
treatment 

Node + Node -

Trachelectomy NACT

Trachelectomy
Large cone 

Fig.  21.1  Algorithm for treatment of cervical cancer stage 
Ib1, <2 cm treated during the second trimester of pregnancy in 
patients wishing to preserve the pregnancy and fertility
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is postponed until after delivery, when radical trachelec-
tomy or standard treatment is opted for.

During the third trimester, fetal maturity is awaited 
and a cesarean section followed by standard treatment 
is proposed.

The route of delivery is determined by the pres-
ence or absence of tumor. When the cervix is cleared 
from tumor, a vaginal delivery is possible. In the pres-
ence of tumor, a cesarean section is the preferred 
route of delivery to prevent (fatal) recurrences in 
the  episiotomy scar [17, 30, 62, 64, 71, 88, 120,  
162, 165]. Since abdominal wall recurrences also (but 
less) have been described following a cesarean sec-
tion,[109, 148] a wound protective system or a corpo-
real uterine incision might be useful when the tumor 
is large.

21.4.3 � Vulvar Cancer

Epidemiological evidence to date suggests that vulva 
carcinogenesis originates from two etiologic pathways 
[97]. The first type is often seen in women over the age 
of 50 and is associated with non-neoplastic epithelial 
disorders. The second type is often seen in women 
under the age of 50, is frequently multifocal, and is 
associated with human papillomavirus infection [97]. 
Approximately 26% of vulvar intraepithelial neoplasia 

Ib1
2cm -4cm

Lymphadenectomy 

Standard
treatment

Abdominal
trachelectomy

NACT 

Node -Node +

NACT

Lymphadenectomy

Caesarean SectionTrachelectomy
Large cone during 
pregnancy  

Standard treatment

Node -Node +

Trachelectomy
Large cone

Standard
treatment 

Trachelectomy
Large cone

Standard
treatment 

Trachelectomy
Large cone during
pregnancy 

Caesarean 
Section 

Fig. 21.2  Algorithm for treatment of cervical cancer stage Ib1, 2–4 cm treated during the second trimester of pregnancy in patients 
wishing to preserve the pregnancy and fertility

Ib2- IIb

NACT 

Caesarean Section 

Trachelectomy Standard
treatment 

Fig. 21.3  Algorithm for treatment of cervical cancer stage IB2–
IIB treated during the second trimester of pregnancy in patients 
wishing to preserve the pregnancy and fertilityak
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(VIN) and 19% of invasive vulvar cancer occur in 
women younger than 40 years [151].

Although single cases of leiomyosarcoma, angio-
myxoma, epithelioid sarcoma, and melanoma during 
pregnancy are reported,[5, 14, 42, 115] experience is 
mainly available with VIN and squamous vulvar 
cancer.

Diagnosis of VIN is made on a biopsy specimen. 
VIN can be treated with laser skinning or surgical exci-
sion, at every stage of pregnancy. Invasive (>1 mm) vul-
var cancer with clinical negative nodes during pregnancy 
should be treated as in nonpregnant women with hemi- 
or total vulvectomy and uni- or bilateral inguinofemo-
ral  lymphadenectomy or sentinel procedure [34, 60]. 
Narrow margins should be avoided since recurrence 
during pregnancy has been described [125] and since 
postoperative radiotherapy during pregnancy is con-
traindicated. From a technical point of view, the increased 
vascularization of the pelvis during pregnancy increases 
the perioperative blood loss and meticulous hemostasis 
should be aimed for. After surgery for vulvar cancer, the 
route of delivery should be discussed with the gyneco-
logic oncologist. Problematic wound healing, important 
scarring, or a periurethral or perianal scar are considered 
relative contraindications for a vaginal delivery.

The prognosis is poor if inguinal nodes are involved. 
Adequate treatment is needed without delay. Evidence 
for the benefit of chemotherapy is low. Termination of 
pregnancy with immediate treatment is advocated dur-
ing the first and second trimester in patients with meta-
static inguinofemoral lymph nodes. During the third 
trimester, delivery followed by standard treatment is 
suggested in these patients. Given the potential for 
spilling in the episiotomy wound and subsequent risk 
for an episiotomy scar recurrence, a cesarean section is 
preferred.

Vulvar melanoma deserves the same treatment as in 
nonpregnant patients. Patients harboring poor-prognosis 
disease should be informed about the high risk of 
relapse and death. Metastatic melanoma carries a risk 
for placental involvement with an approximate risk 
for fetal metastasis of 22% [5, 6].

21.4.4 � Endometrial Cancer

Here, we define endometrial cancer related to preg-
nancy as any endometrial cancer diagnosed during 

pregnancy or during the puerperium (defined as the 
period 6 weeks after delivery). Using our definition, 
we found 28 published cases [11, 50, 77, 79, 144, 159]. 
Diagnosis was made during curettage (n = 17, 61%), 
second to third trimester at birth (n = 8, 28%) or during 
the puerperium (n = 3, 11%). Distribution of pathologi-
cal type and grading was as follows (n, %): grade I 
endometrioid (21, 75%), grade I–III endometrioid (6, 
21%) or serous (1, 4%). In all but one case, the uterus 
was empty when the diagnosis was made [169]. In the 
absence of a fetus, standard treatment for endometrial 
cancer should be offered.

21.4.5 � Ovarian Neoplasm

Surgical intervention is indicated for persistent adnexal 
masses with an unsure biological behavior. The clini-
cian needs to make the balance between operating too 
early (risk for miscarriage and adnexectomy with loss 
of luteal function during the first trimester) and late sur-
gery (torsion, rupture or bleeding of benign masses, 
higher stage ovarian cancer [50], premature labor). A 
midline laparotomy with minimal uterine manipulation 
during the second trimester is preferred. Perforation of 
a pregnant uterus by a Verres needle is a risk. An open 
laparoscopic procedure is only allowed in the absence 
of malignant signs and in experienced hands that mini-
mize the risk for spilling, ideally between the 16th and 
20th week of pregnancy [104, 175].

The incidence of ovarian cancer during gestation 
fluctuates around 1/10,000–100,000 [132]. Malignant 
tumors are more likely to present at early stage, due to 
frequent obstetrical examinations in asymptomatic 
patients [96, 154].

Non-epithelial neoplasms (germ cell, sex-cord 
stromal tumors) are usually stage I and can be treated 
with unilateral salpingo-oophorectomy, omentectomy, 
peritoneal cytology and blind biopsies during preg-
nancy. Uterine manipulations should be limited in order 
to prevent preterm contractions. Lymphadenectomy is 
not indicated, unless enlarged nodes were noticed dur-
ing staging or intraoperatively. Adjuvant chemotherapy 
is not indicated for FIGO stage I grade I immature tera-
toma, or FIGO stage I dysgerminoma. Adjuvant che-
motherapy for higher stages or non-dysgerminoma 
tumors is needed. Close surveillance instead of adjuvant 
chemotherapy has been propagated [131]; however, 
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tumor markers during pregnancy are less reliable [61]. 
If continuation of pregnancy is desired, tumor markers 
are not useful to determine the number of cycles, and 6 
cycles of paclitaxel-carboplatin are recommended 
(bleomycin-etoposide-cisplatin second choice) (see 
paragraph on chemotherapy). Restaging after delivery 
should be considered based on imaging findings and 
tumor markers.

Borderline epithelial cancers during pregnancy are 
likely to be stage I and can be treated during pregnancy. 
Staging laparotomy with unilateral salpingo-oophorec-
tomy, omentectomy and peritoneal biopsies is needed. 
For higher stages removal of tumor during pregnancy 
is aimed for with completion of the surgery after deliv-
ery. A vaginal delivery is allowed. Chemotherapy or 
lymphadenectomy are not indicated for borderline 
ovarian malignancies.

For invasive epithelial ovarian carcinoma, the 
potential to preserve the pregnancy and the type of sur-
gery and chemotherapy depend on the stage and grade. 
For stage IA, grade I surgical staging is similar to bor-
derline tumors. Post-delivery re-staging may be con-
sidered since the pouch of Douglas is difficult to assess. 
For stage IA grade II–III, IB, IC and IIA, additionally 
a lymphadenectomy and adjuvant platin-based chemo-
therapy is mandatory. If the patient is upstaged, che-
motherapy during pregnancy and final surgery after 
delivery are needed.

Advanced-stage ovarian cancer during pregnancy 
was treated with different treatment strategies, includ-
ing  primary debulking with termination of pregnancy 
[96, 155] or delivery, [78, 179] expectant management 
[18, 96], surgery during pregnancy followed by postpar-
tum chemotherapy [18, 96], surgery (including cytore-
ductive surgery) followed by chemo during pregnancy 
with final surgery during/after delivery [18, 49, 70, 98, 
101, 107, 114, 133, 143, 150, 153]. These case reports 
show that ovarian cancer treatment during pregnancy is 
an option. After considering the maternal prognosis and 
wish to preserve the pregnancy, stage of disease and the 
gestational age will determine the treatment plan. 
Advanced stage ovarian cancer before 20 weeks is 
mostly incompatible with maintenance of pregnancy. 
Debulking surgery with removal of the pregnancy and 
subsequent chemotherapy are recommended. For epi-
thelial ovarian cancer stage ³IIB, continuation of the 
pregnancy is experimental but may be an option if 
NACT renders continuation until delivery, followed by 
interval debulking thereafter. After 20 weeks, any 

debulking procedure would be incomplete since the 
pouch of Douglas is inaccessible. Therefore, surgery 
should be limited to establish the diagnosis and incom-
plete debulking during pregnancy should be avoided. In 
such a scenario, the fetus would be exposed unnecessar-
ily to major surgery, not accomplishing the goal of com-
plete resection of the tumor. Paclitaxel-carboplatin 
chemotherapy until fetal maturity is the regimen of 
choice for preoperative chemotherapy. Vaginal delivery 
is preferred since it allows final surgery in the postpar-
tum period.

21.4.6 � Psychosocial and Ethical Concerns 
of Cancer Diagnosis During 
Pregnancy

Most pregnant women diagnosed with cancer experi-
ence high emotional distress and even long-term emo-
tional sequelae [145] Cancer diagnosis brings fear of 
death, worry about continuation of the pregnancy, anxi-
ety about the impact of cancer treatment on the fetus, 
fear for not being able to raise the child into adulthood, 
and anxiety about future fertility. Emotional and psy-
chological support is imperative. The partner runs a risk 
of raising the child on his own and should be involved. 
This child may be a remaining sign of their affection. It 
is advisable to engage the expertise of other members 
of the healthcare team such as psychologists, social 
workers, and, depending on patient’s religion, a pasto-
ral worker, especially during the time that treatment 
decisions are being made. Such a decision comprises a 
balance between the (dis)advantages for mother and 
child. The prognosis, treatment modalities, gestational 
age, and the patients’ preference are pivotal in the deci-
sion-making process on treatment during pregnancy or 
termination of pregnancy. Although most studies report 
that the prognosis of cancer during pregnancy is similar 
to the nonpregnant state, these statements should be 
interpreted cautiously. The series are not large enough 
to control for all prognostic factors and to draw firm 
conclusions [76, 177]. Ethically, a delivery before 28 
weeks is an undue risk for the fetus, but a suboptimal 
treatment is an undue risk for the mother. The parents 
should be informed about the different treatment options 
and the possible consequences for the patient and the 
fetus. A supportive patient–physician relationship is 
required, as is close collaboration and feedback of all 
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disciplines involved in the patient’s care, aiming to 
assist the patient and her partner toward achieving a 
valuable informed consent. Ongoing psychological 
support during treatment and delivery should be avail-
able for the parents.

21.5 � Conclusion

Termination of pregnancy because of a concurrent 
malignancy does not always result in an improved 
prognosis. It is possible that the maternal prognosis is 
similar as in the nonpregnant state. Oncological sur-
gery and chemotherapy can safely be performed after 
the first trimester, but individualization is crucial. In 
any case, oncological treatment close to standard 
should be offered and unnecessary delay in treatment 
should be avoided. Continuation of pregnancy until 
full term is advocated in order to prevent neonatal and 
long-term cognitive problems induced by preterm 
birth. When confronted with a cancer case during preg-
nancy, there is no reason to overreact and to take urgent 
decisions. The time needed for consulting an expert is 
not worsening prognosis.
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A
ABC transporter, 98
Adenoma malignum, 39, 40
Adenosquamous cervical carcinoma, 40
Adjuvant therapy

clear cell cancers (CCC)
brachytherapy, 186
chemo-radiotherapy, 187
combination therapy, 95–97
external beam radiation therapy, 186
irinotecan, 97
platinum-based therapy, 95–96
relapsed/advanced local disease, 187–188

leiomyosarcomas (LMS), 172–174
malignant melanoma, 206
ovarian sex cord-stromal tumour, 122–124
small cell and neuroendocrine (NE) cancer, 198
uterine sarcoma, 161–162

Androblastomas. See Sertoli-Leydig cell tumour

B
Brenner tumour, 56–57, 60, 68

C
Carcinoid syndro me, 150–151
Carcinoid tumour, 46–48
Cervical cancers

adenoma malignum, 39, 40
epithelial, 39
glassy cell, 40
non-epithelial, 38–39
small cell carcinoma, 40–41

Cervix
diagnostic imaging, 23–25
small cell and neuroendocrine (NE) cancer

adjuvant therapy, 198
extensive disease, 199
large cell variant, 199
multi-modality therapy, 198–199
NE differentiation, 195
pathology and presentation, 196
primary chemo-radiation, 198
staging, 197
surgery, 197–198
treatment, 197

Clear cell cancers (CCC)
ovary

ABC transporter, 98
characteristics, 91–92
clinical analysis, 99
cytoreductive surgery, 94
drug inactivation, 98
glycogenesis and glycolysis, 98–99
incidence and clinical behavior, 91
low cell proliferation, 98
lymph-node metastasis, 94
molecular biology, 93–94, 99–100
origin, 92–93
postoperative chemotherapy, 95
stage distribution, 95
survival rate and time, 95–97
TWIST, 99

uterus
brachytherapy, 186
chemo-radiotherapy, 187
chemotherapy, 187–188
clinical presentation, 183
external beam radiation therapy, 186
imaging and diagnosis, 183
incidence and epidemiology, 183
pathology, 183–184
protocols, 188
relapsed disease, 188
surgical assessment and management, 184–185

Cytoreductive surgery (CRS), 78–79, 94

D
Databases, 4, 8. See also Epidemiology and databases
Dermoid cysts, 131, 132
Diagnostic imaging

characteristics
Brenner tumour, 56–57, 60
carcinoid tumour, 46–48
cervical cancers, 38–41
cervical sarcomas, 42
fallopian tube carcinoma, 60, 62
germ cell tumour, 45
granulosa tumour, 50–53, 55, 56
immature teratomas, 47–52
rare epithelial tumour, 55–56
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rare ovarian tumour, 44–45
sex cord stromal tumour, 50, 54
small cell ovarian cancer, 58–61
steroid cell tumour, 53–54, 57
stromal tumour, 54–55, 58
teratoma, 45–47
uterine and cervical lymphoma, 41–42
uterus, 27–38
vaginal tumour, 42–44
yolk sac tumour, 50, 53

imaging techniques
CT, 16
CT/PET, 16–18
MRI, 17–20
ultrasound, 15–16

lymph node imaging
CT/PET, 21
magnetic resonance lymphangiography (MRL), 20–21
MRI and CT, 20
ultrasound, 20

staging considerations
cervix, 23–25
ovary, 26–27
uterus, 21–23
vagina, 25
vulva, 25–26

Disseminated peritoneal adenomucinosis (DPAM), 77

E
Endometrial stromal sarcomas (ESS)

characteristic, 32
FIGO staging, 32
low grade sarcoma, 34
MR imaging, 30–32
myometrium, 30

Endometrial stromal tumour with sex cord-like elements (EST-
SCLE). See Group I tumour

Epidemiology and databases
Gynaecological Cancer Intergroup (GCIG), 8
rare gynaecological cancer

definition, 8–9
types, 9

tumour types, 7
External beam radiation (EBRT), 146

F
Fallopian tube carcinoma, 60, 62

G
Germ cell tumour, 45
Glutathione peroxidise 3 (GPX3), 86
Granulosa cell tumour (GCT). See also Ovarian sex cord-

stromal tumour
adult

appearances, 120
chromosomal abnormalities, 118
molecular and pathologic markers, 117
serum inhibin A and CA-125 levels, 118
symptoms, 119
treatment, 124, 125
vascular endothelial growth factor (VEGF), 117

characteristics, 115
imaging, 52
juvenile

chromosomal abnormalities, 118
postoperative cisplatin-based chemotherapy, 123
stage IA tumour, 122
symptoms, 119
treatment, 124, 125

oestrogen, 50–51
types, 51–52

Group I tumour, 125–126
Gynaecological Cancer Intergroup (GCIG), 8, 72
Gynandroblastomas, 115

H
Hyperthermic intraperitoneal chemotherapy (HIPEC), 78–79
Hypoxia-inducible factor 1 alpha (HIF-1alpha), 86

I
Immature teratomas

dysgerminomas, 48
imaging, 47–48
secretion, 47

Insular carcinoids, 149
International Consensus Meeting Guidelines

neonatal and long-term outcome, 216–217
organ pathology

endometrial cancer, 220
invasive cervical cancer, 217–219
ovarian neoplasm, 220–221
pre-invasive cervical cancer, 217
psychosocial and ethical concerns, 221–222
vulvar cancer, 219–220

during pregnancy
imaging and diagnosis, 211–212
radiotherapy, 214
supportive therapy and symptom control, 215
surgery, 212
systemic anticancer treatment, 212–214

pregnancy monitoring, 215–216

K
Ki-67 labelling index, 86

L
Leiomyosarcomas (LMS)

clinical trials, 177
CT/PET, 37
definition, 169
FIGO staging, 37
high grade tumour, 35–36
imaging, 36–37
incidence and epidemiology, 169–170
lower grade sarcomatous tumour, 38
lung metastases, 177
metastatic disease, 174
myometrium, 34–35
pathology, 171
post-operative care

adjuvant treatment, 172

ak
us

he
r-li

b.r
u



231Index

chemotherapy, 173–174
radiation therapy, 172–173

presentation, 170–171
recurrent/locally advanced

chemotherapy, 175
combination therapy, 176
hormonal therapy, 175
targeted agents, 176

surgical management, 171–172
Lipid cell tumour. See Steroid cell tumour
Low-grade serous carcinoma

clinical behavior and management, 108
hierarchical clustering analysis, 109
molecular biology

biomarkers, 110
expression profiling studies, 109–110
mutational analyses, 109

pathology, 107
Low malignant potential serous tumour

diagnosis, 105
microinvasion, 106
peritoneal implants, 105–106

Lung metastases, 177
Lymph-node metastasis, 94

M
Malignant melanoma

adjuvant therapy, 206
clinical presentation, 203
demographics and aetiology, 203
histopathological subtypes, 203
lymph node status assessment, 205–206
primary surgery, 205
staging and prognosis, 204–205

Malignant mixed Mullerian tumour (MMMT). See Ovarian 
carcinosarcomas

Malignant struma ovarii. See Strumal carcinoids
Mature cystic teratomas. See Dermoid cysts
Minimal deviation adenocarcinoma. See Adenoma malignum
Mucinous ovarian tumour

biomarkers and immunophenotyping
cytokeratin (CK) 7, 68
genetic alterations, 68
pancreatic cancer, 68
serum carcinoembryonic antigen, 68

clinical features, 68–69
clinical management, 69
endoscopy/colonoscopy, 69
epidemiology, 67
Gynaecological Cancer Inter Group (GCIG), 72
pathology

gastrointestinal tract, 67–68
intestinal/endocervical-type, 67
primary ovarian tumour vs. metastatic cancers, 67

treatment
advanced stage, 70
bevacizumab, 72
epithelial ovarian cancer, 69–70
oxaliplatin and 5-fluorouracil (5-FU), 71–72

tumour markers, 69
Mucinous tumour, uterine corpus

post-operative management, 181–182
presentation, 181
surgical management, 181

Multi-modality therapy, 198–199

N
National Institute of Health and Clinical Excellence (NICE), 8
Neuroendocrine tumour (NETs). See Small cell and neuroen-

docrine (NE) cancer

O
Organ pathology

endometrial cancer, 220
invasive cervical cancer, 217–219
ovarian neoplasm, 220–221
pre-invasive cervical cancer, 217
psychosocial and ethical concerns, 221–222
vulvar cancer, 219–220

Ovarian carcinoids, primary
biochemical and tumour markers, 151
carcinoid syndrome, 150–151
imaging, 151
insular carcinoids, 149
management and clinical course, 151–152
metastases, 150
mucinous, 150
pathology, 150
strumal carcinoids, 150
trabecular carcinoids, 149
treatment

ovarian strumal carcinoids, 153
relapsed disease, 152–153

Ovarian carcinosarcomas
biological/targeted agents, 139–140
incidence and epidemiology, 135
investigations and initial management, 136
pathology, 136
post-operative management, 137–138
stage and optimal debulking surgery, 138–139
surgical management, 136–137

Ovarian clear cell carcinoma
adenofibromas, 83–84
biomolecules, 86
endometriosis, 83
histopathology

characterisation, 85
genetic features, 85
immunohistochemical studies, 85
PTEN expression loss, 85
serous low malignant potential (S-LMP), 85
serous tumour, 85

obesity, 83
protective factors, 83
serum hypercalcaemia, 84
symptoms, 83
therapeutic targets

endometriosis, 87
GPC3, 86–87
sequence mutations, 88
treatment strategy, 87

Ovarian serous carcinoma, 13
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Ovarian sex cord-stromal tumour
adjuvant therapy, 122–124
associated biomarkers, 118
diagnosis, 118–119
epidemiology, 113–115
imaging, 119–120
molecular characteristics, 117–118
pathology, 115–117
recurrent disease treatment, 124–125
surgical therapy and staging, 120–122

Ovary
diagnostic imaging, 26–27
mucinous tumour

advanced stage treatment, 70
bevacizumab, 72
clinical features, 68–69
clinical management, 69
cytokeratin (CK) 7, 68
endoscopy/colonoscopy, 69
epidemiology, 67
epithelial ovarian cancer, 69–70
gastrointestinal tract, 67–68
genetic alterations, 68
Gynaecological Cancer Inter Group (GCIG), 72
intestinal/endocervical-type, 67
oxaliplatin and 5-fluorouracil (5-FU), 71–72
pancreatic cancer, 68
primary ovarian tumour vs. metastatic cancers, 67
serum carcinoembryonic antigen, 68
tumour markers, 69

small cell and neuroendocrine (NE) cancer
clinical presentation, 144–145
external beam radiation (EBRT), 146
pathology, 143–144
post-operative management, 145

P
Pathology

generous sampling, 11
immunohistochemical markers

epithelial markers, 12
neuroendocrine markers, 12
ovarian sex cord-stromal tumour, 12
prognostic/predictive sense, 12–13

molecular studies, 13
primary ovarian neoplasm, 11, 12

Peritoneal mucinous carcinomatosis (PMCA), 77
Phosphate and tensin homolog (PTEN), 86
Pseudomyxoma peritonei (PMP)

characteristics, 75
diagnosis

computed tomography (CT), 77–78
markers and laparoscopy, 78
operative strategy, 78

origin, 75–76
pathological classification, 77
pathophysiology

appendiceal adenoma, 76
redistribution phenomenon, 76–77

treatment

HIPEC, 78–79
morbidity and mortality, 79
surgical treatment, 78
survival factor, 79

S
SCTAT. See Sex cord tumour with annular tubules (SCTAT)
Serous low malignant potential (S-LMP), 85
Serous tumour

low-grade
clinical behavior and management, 108
molecular biology, 109–110
pathology, 107

low malignant potential
diagnosis, 105
microinvasion, 106
peritoneal implants, 105–106

Sertoli-Leydig cell tumour
biomarkers, 118
characteristics, 116
classification, 114
differential diagnosis, 119
treatment, 123–124

Serum carcinoembryonic antigen, 68
Sex cord stromal tumour, 50, 54. See also Ovarian sex cord-

stromal tumour
Sex cord tumour with annular tubules (SCTAT)

biomarkers, 118
characterisation, 116–117
history, 114–115
subgroups, 122
symptoms, 119

Small cell and neuroendocrine (NE) cancer
cervix

adjuvant therapy, 198
extensive disease, 199
large cell variant, 199
multi-modality therapy, 198–199
NE differentiation, 195
pathology, 196
presentation, 196
primary chemo-radiation, 198
staging, 197
surgery, 197–198
treatment, 197

ovary
clinical presentation, 144–145
external beam radiation (EBRT), 146
pathology, 143–144
post-operative management, 145

Small cell ovarian cancer, 58–61
Squamous cell carcinomas (SCC)

histological subtypes, 131
malignant transformation, 132
prognosis, 132
treatment and surgery, 132–133

Steroid cell tumour, 53–54, 57, 115
Stromal tumour, 54–55, 58
Strumal carcinoids, 150
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T
Teratoma, 45–47
Trabecular carcinoids, 149

U
Uterine and cervical lymphoma, 41–42
Uterine corpus tumour. See Mucinous tumour, uterine corpus
Uterine sarcoma

pathology, 159
patient management, 162
postoperative adjuvant therapy

chemotherapy, 161–162
EORTC 55874 local control and survival, 160
hormonal therapy, 161

presentation, 157–158
recurrent and advanced disease, 162–164
staging investigations, 158–159
surgical management, 159–160
types, 157

Uterine tumour resembling ovarian sex cord-stromal tumour 
(UTROSCT), 125–126

Uterus
clear cell cancers (CCC)

adjuvant chemotherapy, 187–188
brachytherapy, 186
chemo-radiotherapy, 187
clinical presentation, 183
external beam radiation therapy, 186
imaging and diagnosis, 183
incidence and epidemiology, 183
pathology, 183–184
protocols, 188
relapsed disease, 188
surgical assessment and management, 184–185

diagnostic imaging

adenosarcoma, 38
carcinosarcomas, 28–32
clear cell tumour, 28
ESS (see Endometrial stromal sarcomas)
serous endometrial tumour, 27–28
staging considerations, 21–23

leiomyosarcomas (LMS)
adjuvant chemotherapy, 172–174
chemotherapy, 175
clinical trials, 177
combination therapy, 176
definition, 169
diagnostic imaging, 34–38
hormonal therapies, 175
incidence and epidemiology, 169–170
lung metastases, 177
metastatic disease, 174
pathology, 171
presentation, 170–171
radiation therapy, 172–173
surgical management, 171–172
targeted agents, 176

V
Vaginal leiomyomas, 45
Vaginal melanoma. See Malignant melanoma
Vaginal tumour

leiomyomas, 44, 45
primary malignancies, 42–43
squamous carcinomas, 43–44

Vulvar melanoma. See Malignant melanoma

Y
Yolk sac tumour, 50
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