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  Pref ace   

 Ovarian cancer is the leading cause of death from gynecological cancers in western 
countries. A huge effort in clinical research has been conducted during the last 20 
years thanks to a unique organization of national networks dedicated to gynecology 
oncology. National networks, such as GINECO (Groupe des Investigateurs 
Nationaux pour l’Etude des Cancers de l’Ovaire et du sein) in France, have grouped 
together and joined forces at the European level through the ENGOT (European 
Network of Gynecology Oncology Trials). This European network has been inte-
grated at a global level within GCIG (Gynecologic Cancer InterGroup) with twice a 
year meetings, offering to Europe, America, Asia, and Australia a platform for sci-
entifi c exchange and debates. 

 Treatment of advanced ovarian cancer (FIGO stages III and IV) until recently 
consisted of cytoreductive surgery and paclitaxel/carboplatin chemotherapy. 
However, a great debate has risen when two consecutive trials have suggested that 
three cycles of neoadjuvant chemotherapy could decrease the toxicity of extensive 
debulking surgery. In this debate presented by F Lecuru, the most important is the 
selection of patients likely to benefi t from neoadjuvant chemotherapy, a topic exten-
sively covered by A Fagotti. The role of lymphadenectomy during debulking sur-
gery with its potential side effects will be discussed by P Harter, while JM Classe 
will introduce hyperthermic intraperitoneal chemotherapy (HIPEC) as an experi-
mental procedure complementary to extensive debulking surgery. 

 Standard intravenous paclitaxel/carboplatin chemotherapy delivered every 3 
weeks is no more the only option for primary systemic treatment. Dose-dense 
weekly administration of paclitaxel and intraperitoneal therapy will be discussed 
by S Pignata. His paper will introduce the fi rst biological therapy used in ovarian 
cancer (OC), namely, bevacizumab, fi rst in class among the antiangiogenic agents. 

 The poly (ADP-ribose) polymerase  ( PARP )  inhibitor olaparib is also fi rst in class 
and has been recently approved in OC for patients in late relapse with a breast can-
cer (BRCA) gene mutation as shown by J Ledermann. This BRCA predictive value 
for olaparib has highlighted the increasing importance of BRCA testing in OC and 
the role of oncogenetics, and these are extensively outlined by D Stoppa-Lyonnet. 
PARP inhibitor has augmented the armamentarium of active drugs used in patients 
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in relapse as described by J Pfi sterer. However, the increasing number of lines of 
therapy administered to the patients with recurrent disease has raised the question of 
balancing benefi t with quality of life, and F Joly is documenting this increasingly 
important topic. 

 New areas of extensive clinical research have appeared these last years. It has 
been recognized that epithelial ovarian cancer is not a unique disease, but a constel-
lation of at least four separate diseases in addition to the predominant high-grade 
serous OC. D Gershenson, K Fujiwara, JE Kurtz, and J Brown are introducing you 
to the borderline/low-grade, clear cell, endometrioid, and mucinous carcinomas. 
Each of these entities has a unique molecular profi le and will deserve specifi c ther-
apy in the future. D Berton-Rigaud is giving an update on carcinosarcoma which is 
currently considered as a form of poor prognosis in high-grade serous OC. The 
domain of rare malignant tumors is, however, extending beyond the infrequent epi-
thelial OC. M Seckl, N Colombo, and P Pautier are discussing the issues of germ 
cell, sex cord, and other very rare malignant tumors such as small cell carcinomas 
where tremendous advances in their knowledge have been made recently. 

 These rare ovarian malignant tumors are mainly diagnosed in young women for 
whom fertility issue is critical, pointing out the importance of this topic addressed 
by P Morice. On the other side of the age scale, elderly/frail patients are a growing 
population of OC patients, and the question of how to handle their management is 
addressed by C Falandry. 

 Finally, in this era of overfl owing progress, A Makkouk is making us dream with 
the new perspectives in OC, including immunotherapy.  

    Paris ,  France      Eric     Pujade-Lauraine   
    Lyon ,  France      Isabelle     Ray-Coquard    
 Paris, France     Fabrice     Lécuru       

Preface
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  Holbrook Kohr t in Memoriam   

 Holbrook was a great personality. All who encounter him have been impressed by 
his brightness and his smile and charm. His great knowledge and optimism together 
with his eagerness to help were unique and led to his natural leadership. He was an 
outstanding man with a creative and strategic intelligence dedicated to cure cancer. 
His novel preclinical work in immunotherapy has opened the path to new hopes in 
fi ghting cancer. Holbrook gave us an impressive lecture on immunotherapy in 
March 2015 as Special Invited International Guest during our ARCAGY-GINECO 
Annual Scientifi c Meeting in France which generated a lot of enthusiasm. We 
worked together on different clinical projects, including the recent OvaCure pro-
gram which he was cofounder, a not-for-profi t scientifi c innovation incubator, 
accelerating curative cancer treatments particularly in immunotherapy in the fi ght 
against ovarian cancer. In this book, he is a coauthor of the chapter on immuno-
therapy, and this is one of the last witness of his sharp brain and ability of 
innovation. 

 On the 24th of February, we lost too young not only a dear friend but also a great 
fi gure in tumor immunology. He will be greatly missed.  
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    Abstract      
  During these last 20 years has been woven a worldwide spider web of coopera-
tive groups dedicated to running Gynecology clinical trials. In Europe, the lon-
gest standing national groups are GINECO in France, AGO in Germany and 
NSGO in Nordic Countries. They have been the core groups of the very active 
ENGOT (European Network of Gynecology Oncology Trials) gathering 20 
groups in West and East Europe and Middle East. Many of these European 
groups are also members of the international GCIG (Gynecological Cancer 
InterGroup) including also networks from North/Central America, Asia and 
Australia. The regular meetings twice a year of these organizations has allowed 
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to complete numerous large phase III trials in complementary ways. In addition, 
brainstorming meetings and Consensus Conferences alternate over time and are 
opportunities to build the future together at an international level 

    The French ARCAGY-GINECO Group 

 This was the fi rst cooperative group in France for clinical research organized by 
medical oncologists. At that time, in 1993, medical oncology was a new specialty 
recognized as such since only 5 years. Cooperative groups were already functioning 
in the fi eld of cancer but either in hematology or in digestive cancer organized by 
gastroenterologists. 

 To overcome the potential struggles for power by competitive structures, a trium-
virate was put at the head of this new ARCAGY-GINECO group representing the 
main different medical French structures treating GYN cancers: academic hospital 
(Pujade-Lauraine Eric), comprehensive cancer center (Guastalla Jean-Paul), and 
private center (Vincent Pascal). 

 Twenty-three years after its birth, ARCAGY-GINECO is the only French GYN 
network and is among the 12 cooperative groups labeled by the French National 
Cancer Institute (INCA) and is supported by the Ligue Nationale du Cancer as a 
clinical platform for GYN clinical research. 

 ARCAGY (Association de Recherche sur les CAncers dont GYnécologiques) is 
the legal structure as a nonprofi t organization, and GINECO (Groupe des 
Investigateurs Nationaux pour l’Etude des Cancers de l’Ovaire) is the scientifi c part 
organized as a scientifi c society. 

 ARCAGY is responsible for the operational management of trials. Under the 
umbrella of Bénédicte Votan, the manager, 23 employees, mainly project manag-
ers, are working to make the trials launched and run in time with the best quality. 

 GINECO is led by a board including the current chair elected for 1 year, the 
vice- chair and the past-chairs, which meet every month either by teleconference 
or face- to- face meetings. Account of the board decisions is done to the Scientifi c 
Committee comprising 30 regional leaders meeting every 4 months. Globally, 150 
centers are active in ARCAGY-GINECO trials with around a 1000 investigators. 
A total of 7000 patients have been included in the database. Currently 25 trials are 
ongoing. 

 Nine working groups are responsible for proposing new trial ideas to the Board and 
the Scientifi c Committee and for commenting trial designs. Some working groups are 
devoted to particular tumor location such as ovarian cancer-fi rst line, ovarian cancer-
relapse, endometrial cancer, or cervix cancer. Others are transversal working groups 
such as Cancer in the Elderly, Rare Tumors, Surgery, Early Phase and translational 
(GINEGEPS or GINEco Group for Early Phase Study) or Statistical Committee. 

 Integrated into ENGOT and GCIG, ARCAGY-GINECO has participated or led the 
great majority of the trials which have changed the landscape of GYN cancer patient 
management. The combination of carboplatin-paclitaxel which is still the standard 

E. Pujade-Lauraine et al.
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regimen for initial chemotherapy in ovarian cancer was developed by GINECO in 
patients in relapse [ 1 ]. The French group participated to several large phase III fi rst-
line trials, including the European phase III ICON7 trial whose results supported the 
EMA approval of fi rst-line bevacizumab in ovarian cancer [ 2 ]. In fi rst line, GINECO 
is leading the international PAOLA trial evaluating the role of the anti-PARP olaparib 
in maintenance. In ovarian cancer relapse, GINECO has led the large international 
CALYPSO phase III trial, allowing carboplatin-pegylated liposomal doxorubicin to 
be a standard chemotherapy in late relapse (platinum-free interval over 6 months) [ 3 ]. 
GINECO has also led the AURELIA trial in early relapse allowing bevacizumab to be 
approved in this setting both in Europe and in the USA [ 4 ]. Among other major inter-
national phase III trials, GINECO is leading the olaparib phase III trial in BRCA-
mutated patients with late relapse (SOLO2) and two phase III trials with the immune 
checkpoint inhibitor anti-PDL1 in early and late relapse. 

 Cancer in the Elderly and Rare Tumor are the oldest transversal working groups 
being settled nearly 15 years ago. Their success can’t be denied. The Cancer in the 
Elderly working group has been the fi rst to introduce geriatric assessment in ovarian 
cancer and has completed three consecutive prospective phase II trials for over 
70-year-old patients. Currently, this group is running a unique international random-
ized phase III trial assessing the best chemotherapy regimen for frail elderly patients 
selected through a GVS score (Geriatric Vulnerability Score) described by Claire 
Falandry [ 5 ]. The Rare Tumor working group has developed a French network of 20 
expert centers including selected expert oncologists and expert pathologists brought 
together in regular multidisciplinary meetings for cases reported on a specifi c web-
site (  www.ovaire-rare    ). This network called TMRG (Tumeurs Malignes Rares 
Gynecologiques), initially focused on rare ovarian tumors, and labeled by the French 
INCA, is including more than 1200 cases of rare malignant ovarian cancer patients 
each year. Isabelle Ray-Coquard, TMRG network coordinator, is running with suc-
cess the sole international phase III ever done in recurring granulosa tumors 
(ALIENOR). The surgery group, with Fabrice Lecuru as coordinator, is more recent 
but has also shown its great potential for accrual in being a major contributor to the 
German AGO-led DESTOP trial evaluating surgery in late relapse. In addition, this 
group is leading with Gwenaël Ferron the fi rst randomized phase III in the neoadju-
vant setting (CHIVA) in the fi rst line of ovarian cancer whose accrual is completed. 

 Translational research and statistics are two fi elds of great interest for ARCAGY- 
GINECO. A lot of work has been initiated in collaboration with biological plat-
forms and laboratories particularly in genetics through the BRCA and HRD 
(homologous recombination defi ciency) issues and in immunology where a network 
of lab are working together since 3 years through an INCA program. The GINEGEPS 
working group which gather the “young” investigators with translational experience 
are doing the bridge between the clinical and the translational research. The 
Statistical Committee includes a mix of experienced and young academic statisti-
cians. Their area of expertise includes international trial design, quality of life and 
PRO (patient-reported outcome) design and analyses, megadatabase, and innovative 
statistic methodology.  

1 Clinical Research in France, Europe, and in the World Dedicated to Ovarian Cancers
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    The European ENGOT Network 

 As soon as 1997, ARCAGY-GINECO and the German cooperative group AGO 
decided to cooperate tightly for all phase III trials in ovarian cancer, particularly 
in fi rst-line therapy. A few years later, the Nordic countries (NSGO group) joined 
this French-German axis. Further on, Italian MITO and Spanish GEICO came on 
and formed with the NCRI-MRC from UK the core of what will be in 2007 the 
European Network of Gynecological Oncological Trial Groups (ENGOT) under 
the umbrella of ESGO (European Society for Gynecology Oncology). 

 Currently, the ENGOT is a research network of 20 European academic gyneco-
logical cancer trial groups from Western Europe (almost all the Western European 
countries), Eastern Europe (Czech Republic, Slovakia, and Poland), and Middle 
East (Israel and Turkey).

 Gynecological cancer trial groups represented in European Network of Gynecological 
Oncological Trial Groups 

  Study group (country)  
  AGO – Austria,   Arbeitsgemeinschaft Gynäkologische Onkologie Austria  

  AGO Study Group,   Arbeitsgemeinschaft Gynäkologische Onkologie Studiengruppe, Germany  

  BGOG,   Belgian Gynaecological Oncology Group  

  CEEGOG,   Central and Eastern Gynaecological Oncology Group, Czech Republic, Slovakia, 
Poland  

  DGOG,   The Dutch Gynecological Oncology Group, The Netherlands  

  EORTC-GCG,   European Organisation for Research and Treatment of Cancer-Gynaecological 
Cancer Group  

  GEICO,   Grupo Español de Investigación en Cáncer de Ovario, Spain  

  GINECO,   Groupe d’Investigateurs Nationaux pour l’Etude des Cancers Ovariens, 
France  

  GROINS,   GROningen INternational Study on Sentinel nodes in vulvar cancer, The 
Netherlands  

  HeCOG,   Hellenic Cooperative Oncology Group, Greece  

  ICORG,   The All Ireland Cooperative Oncology Research Group  

  ISGO,   Israeli Society of Gynecologic Oncology  

  MaNGO,   Mario Negri Gynecologic Oncology group, Italy  

  MITO,   Multicenter Italian Trials in Ovarian Cancer, Italy  

  NCRI-MRC,   National Cancer Research Institute-Medical Research Council, UK  

  NOGGO,   North-Eastern German Society of Gynaecologic Oncology  

  NSGO,   Nordic Society of Gynecologic Oncology  

  SAKK,   Switzerland Group for Clinical Research  

  SGCTGC,   Scottish Gynaecologic Cancer Trials Group, Scotland  

  TRSGO,   Turkish Society of Gynecologic Oncology  

E. Pujade-Lauraine et al.
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   ENGOT coordinates and promotes clinical trials within Europe in patients with 
gynecological cancer trial groups. This coordination is particularly relevant for aca-
demic trials, translational research, research on rare diseases, and for clinical trials 
sponsored by the industry to perform multinational studies in Europe. ENGOT also 
stimulates young investigators to be involved in clinical trials and promotes the 
creation of new clinical study groups in parts of Europe where ENGOT is not yet 
represented. 

 The ENGOT Mission statement is the following: 
 ENGOT is a platform that guarantees that the European spirit and culture is 

incorporated into the medical progress in gynecological oncology and that all 
European patients and countries can participate in an active way in clinical research 
and progress. 

 The ultimate goal is to bring the best treatment to gynecological cancer patients 
through the best science and enabling every patient in every European country to 
access a clinical trial. 

 In 2010, ENGOT published the requirements for trials between the academic 
ENGOT and pharmaceutical companies [ 6 ], and this paper has been recently 
updated in 2015 [ 7 ]. In this paper, ENGOT defi ned the following items: develop-
ment of the protocol, statistical analysis, the ownership of the database, the develop-
ment of case report forms, sponsorship of the trial, monitoring of the trial, publication 
rules, participation of investigators from non-European countries, appointment of 
the independent data monitoring committee, and the standard operating procedures 
for trials between ENGOT and the industry. The three possible models for coopera-
tion between the ENGOT lead group of the trial and industry are shown in the table 
below.

 Models of cooperation between ENGOT groups (lead group) and industry according to option 
chosen for handling the database and statistical and publications rules 

  Database (DB) could be organized as  

  Option A: DB itself at the academic lead group (1st choice)  

 Audits by company or company assigned auditors 

 Transfer of database for registration issues and analysis to the company 

  Option B: DB at CRO and CRO is contracted by the academic lead group (2nd choice)  

 Audits by company and by lead study group 

 Installation of SOPs for the respective protocol and information system for any violation to the 
sponsor 

 Transfer of the complete database to lead study group for scientifi c analysis and to company 
for registration purposes 

  Option C: DB at CRO and CRO is contracted by industry (3rd choice)  

 Quality assurance and certifi ed database software with 100% tracing of any access or changes 
made 

 Audits by study group or study group assigned auditors 

1 Clinical Research in France, Europe, and in the World Dedicated to Ovarian Cancers
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 Models of cooperation between ENGOT groups (lead group) and industry according to option 
chosen for handling the database and statistical and publications rules 

 Installation of SOPs for the respective protocol and information system for any violation to the 
lead study group 

 Transfer of the complete database for further scientifi c evaluations to the lead study group 
after fi nal analysis of predefi ned endpoints 

  Statistical and publications rules  

  Lead Study group performs independent analysis of the complete DB for primary and 
secondary endpoints  

 The DB may be used later for further meta-analyses or subgroup analyses of the study group 
or within an intergroup consortium 

 The publication is the sole responsibility of the lead study group 

 The company may comment within a predefi ned period but cannot prohibit any publication 

   ENGOT has also published a roadmap and a charter for GYN trials performed in 
Europe [ 8 ,  9 ]. The aim of this roadmap is to facilitate cooperation between the differ-
ent ENGOT groups, to clarify the role of the leading group, to determine the publica-
tion rules, to provide templates for intergroup contracts and contracts between 
academic groups and the pharmaceutical industry, and to determine the communica-
tion fl ow during ENGOT trials. This roadmap and charter will facilitate the perfor-
mance of ENGOT studies and also improve the speed of starting ENGOT trials. 

 ENGOT has been quite successful in developing new trials in Europe and is cer-
tainly the most powerful consortium to run GYN trials worldwide. Although 
ENGOT has only existed for 8 years, the network has already been able to set up 
more than 20 trials in the fi eld of gynecological cancer, and as of today, more than 
4000 patients were included in ENGOT trials. A number of other new trials are in 
development in ovarian, endometrial, and cervical cancer and will be initiated in 
2016 and 2017. 

 Further goals for ENGOT are to increase translational research in ENGOT trials 
and to develop more trials in cervical cancer, endometrial cancer, and rare gyneco-
logical cancers. Discussion of how to create an ENGOT multicenter European Bio- 
Bank is ongoing. Challenges include investigator motivation, fi nancial support, 
sample quality, data quality, sense of equity, storage logistics, governance, and over-
sight. Teaching and motoring has been delineated as one of the major ENGOT 
goals. This aim has been nicely fulfi lled thanks to two initiatives: the Gynaecological 
Cancer Academy (GCA) and the e-learning program. GCA consists in mentoring 
future leaders of ENGOT cooperative groups through 2-day courses every 6 months 
during 2 years. The key goal of the GCA is to maintain the high quality of clinical 
trials in gynecological oncology within ENGOT into the future. 

 Nurturing and developing the next generation of leaders in gynecological oncol-
ogy is of critical importance to ensure continuity and transfer of knowledge and 
experience within the clinical trial community. 

 The main objectives of the GCA are to provide an international networking, 
strategic partnership, and development opportunity for senior investigators within 

E. Pujade-Lauraine et al.
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ENGOT, to enable them to achieve their potential as future leaders of gynecological 
oncology study groups, and to develop their experience and knowledge of effective 
clinical trial development and conduct. 

 This program started in 2013 which brings together future and current leaders 
around working groups, and presentations is very successful. Similarly, the 
 e-learning portal accessible from the ESGO website has encountered a sustainable 
interest. 

 In conclusion, ENGOT has succeeded in its goal to improve the collaboration 
between European gynecological cancer trial groups and to initiate trials. These tri-
als have been accruing rapidly with good quality of data.  

    The Worldwide GCIG Network 

 The mission of the Gynecologic Cancer InterGroup (GCIG) has been to enhance the 
global impact of clinical trials in gynecologic cancer [ 10 ,  11 ]. The GCIG formal-
ized in 1997 through a collaboration of European and Canadian cooperative groups 
that recognized the need for large-scale trials suffi ciently powered to answer impor-
tant clinical questions in a timely and effi cient manner. The InterGroup is now com-
prised of 27 international member organizations and 11 industry partners. The 
primary focus has been the conduct of high-quality phase III clinical trials in popu-
lations of women affected by ovarian, endometrial, and cervical cancer. Recently, 
there has been a focus on rare tumors, translational research, and patient-reported 
outcomes. The GCIG has conducted and published the results in the peer-reviewed 
literature of multiple phase III international trials. Additionally the GCIG has con-
vened Ovarian Cancer Consensus Conferences [ 12 ] and State-of-the-Science meet-
ings [ 13 ] and published on methodology and endpoints [ 14 ] on the conduct of 
clinical trials. The GCIG, incorporated in 2011, has a governance structure with an 
Executive Board of Directors and has adopted a formal set of bylaws and statutes to 
guide operational activity. The group meets at least twice per year. Recently, a 
Cervical Cancer Research Network (CCRN) has been formally created by the GCIG 
to engage countries with developing capacity for the conduct of high-quality phase 
III trials. 

 Each cooperative clinical trial group sends six representatives to attend meetings 
of the GCIG, which are held biannually, always at the American Society of Clinical 
Oncology Meeting each year and alternating between the biannual meetings of the 
International Gynecologic Cancer Society or another meeting. 

 The GCIG is managed by an executive board consisting of a chair (Eric Pujade- 
Lauraine was Chair until end of 2014), a past chair, and chair-elect together with 
representatives from each of the groups; this executive board oversees the work of 
the various committees, including harmonization, translational research, ovarian 
cancer, cervix cancer, and endometrial cancer. The rare tumors group is currently 
chaired by Isabelle Ray-Coquard from GINECO [ 15 ]. Florence Joly, who was the 
GINECO chair in 2015, is also a very active Chair of the “Symptom Benefi t Working 
Group” [ 16 ]. 
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 The committees and working groups come together to develop new concepts 
which, in turn, have been brought forward by the various member groups; once 
these concepts have been matured and are ready for adoption, they are passed to the 
executive board for support. Publication guidelines are determined prior to any 
study commencement. 

 Any international or national research cooperative group that performs clinical 
trials in gynecological cancer can become a member, but such cooperative groups 
have to consist of several centers and must be able to show that they have been part 
of at least one randomized multicenter phase III trial in gynecological cancer. All 
groups are required to follow GCP, to follow the guidelines of the declaration of 
Helsinki, and to ensure as good quality assurance as possible. 

 The graphs below show how GCIG has succeeded to increase cooperation and 
exchange during the last 20 years in GYN oncology. A steep increase with time in 
the number of ties between the groups within GCIG has been observed, allowing to 
validate a posteriori the GCIG initiative. 

 In conclusion, GCIG has been intensively productive in collaborative trials, 
intellectual exchanges and learning, brainstorming, and consensus conferences. A 
lot remains to do, including translational science applied to clinical trials collabora-
tion and rare tumors collaboration.

   

Social network analysis of Intergroup Collaboration between GCIG Group Members
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    Abstract 

   It is estimated that 15–20 % of ovarian carcinomas arise in women carrying a 
monoallelic germline cancer-predisposing gene mutation. The two main 
known hereditary forms of ovarian carcinoma are hereditary breast/ovarian 
cancer (HBOC) linked to  BRCA1  or  BRCA2  mutations, genes involved in 
DNA double- strand break repair by homologous recombination (HR), and 
Lynch syndrome linked to mutations in genes involved in DNA mismatch 
repair (MMR):  MLH1, MSH2, MSH6  or  PMS2 . The contribution of  BRCA1/
BRCA2  mutations is at least tenfold higher than that of MMR genes. 
Identifi cation of a cancer-predisposing mutation is useful for the prevention 
of breast, ovarian or colon cancers in affected women and their relatives and 
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is now becoming a major part of the treatment of women with ovarian carci-
noma, as poly-ADP-ribose-polymerase (PARP) inhibitors have been demon-
strated to be useful in HBOC syndrome. New perspectives are opening up in 
Lynch syndrome with immunotherapy  targeting Lynch syndrome-related 
cancers, characterised by their immunogenicity. Other genes involved in 
the HR pathway ( PALB2 ,  RAD51 ,  ATM ) are good candidates to be 
associated with an increased risk of ovarian and breast cancers that would be 
expected to be also sensitive to PARP inhibitors. As the identifi cation of 
women harbouring germline or tumour inactivation of HR genes and proba-
bly, in the near future, MMR gene mutations is now becoming essential 
for their treatment, increasing test demands and the need for rapid and com-
plete analyses are going to modify current genetic counselling and testing 
practices.  

       Introduction 

 Up until now, the aim of genetic testing in a woman with ovarian carcinoma was to 
allow identifi cation of a predisposing factor and therefore the prevention of other 
cancers as well as testing of her relatives in order to adapt their management. 
Ovarian cancer prevention of relatives has been and remains a major goal of cancer 
genetics, particularly because of the absence of reliable ovarian cancer screening. 
The scope of genetic testing has now been widened, especially in women carrying 
a germline  BRCA1  or  BRCA2  mutation: identifi cation of such a mutation may 
change the treatment of the disease and may therefore have a major impact on the 
patient’s medical management. 

 Two main ovarian carcinoma (OC) genetic predisposition syndromes have been 
identifi ed to date. Hereditary breast and ovarian cancer (HBOC) syndrome is linked 
to germline  BRCA1  or  BRCA2  gene mutations. Mutations in other genes also 
involved in DNA damage repair and especially in homologous recombination (HR), 
like  BRCA1  and  BRCA2  genes, may also be associated with an increased risk of 
breast and ovarian cancers. Lynch syndrome is mainly characterised by a high risk 
of colorectal, endometrial and ovarian cancers and is linked to germline  MLH1 , 
 MSH2 ,  MSH6  or  PMS2  gene mutations. 

 These two cancer predisposition syndromes are estimated to be involved in 
15–20 % of all OCs, with the contribution of HBOC at least tenfold greater than that 
of Lynch syndrome. These two syndromes are transmitted according to an autoso-
mal dominant mode. At-risk women carry a monoallelic germline loss of function 
mutation of a responsible gene. However, the tumour presents somatic inactivation 
of the wild-type allele via a partial chromosomal defect (deduced from the observa-
tion of loss of heterozygosity at the gene locus) or via a point mutation or promoter 
methylation. Thus, according to Knudson’s “two-hit” theory, although the predispo-
sition is transmitted according to a dominant mode, its effect on the tumour is 
recessive.  
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    Hereditary Breast and Ovarian Cancers 

    Identification of  BRCA1  and  BRCA2  Genes and Their Molecular 
Pathology 

 The  BRCA1  and  BRCA2  genes were identifi ed in 1994 and 1995, respectively, after 
preliminary genetic linkage studies performed in breast cancer families [ 1 – 3 ] that 
allowed their chromosomal location.  BRCA1  is located in chromosome 17 (17q21) and 
 BRCA2  is located in chromosome 13 (13q12). Soon after localisation of these genes, it 
was observed that families including at least one case of OC were more frequently 
linked to the  BRCA1  locus than families with breast cancer cases only [ 4 ], thus high-
lighting that  BRCA1  and subsequently  BRCA2  genes are also OC-predisposing genes. 

 The  BRCA1  gene has a coding sequence of 5589 nucleotides distributed over 23 
exons, and the  BRCA2  gene has a coding sequence of 10,254 nucleotides distributed 
over 26 exons. More than one thousand different loss of function mutations spread 
over large coding sequences has been reported to date in the various mutation data-
bases. Most mutations are point or small mutations introducing a stop codon. Large 
gene rearrangements also account for 8.5 % of  BRCA1  mutations and 2 % of  BRCA2  
mutations [ 5 ]. 

 In addition to deleterious mutations, variants of uncertain signifi cance (VUS) are 
detected in about 8 % of  BRCA1  or  BRCA2  analyses currently performed in breast 
and breast/ovarian cancer families. Considerable efforts, combining complementary 
approaches (epidemiological, genetic, functional studies), have been performed to 
characterise the signifi cance of these variants [ 6 ]. These efforts are coordinated by 
the international ENIGMA consortium [ 7 ], which, in 2014, fused with the  BRCA  
Challenge, the Global Alliance for Genomics and Health (GA4GH) designed to 
characterise VUS of all genes involved in genetic diseases. It is diffi cult to provide 
patients with suitable information regarding VUS because the geneticist must 
inform them that a VUS has been identifi ed, that it cannot be currently used for 
genetic testing of his or her relatives, but that it could be used in the future. 

 Due to the complexity of  BRCA1/BRCA2  molecular pathology in terms of analyses 
and interpretation and the low yield of positive tests in many severe breast and ovarian 
cancer families, suggesting that other genes may also be involved, sequential genetic 
testing of the family needs to be performed, as, whenever possible, full screening of the 
 BRCA1/BRCA2  genes is performed in the individual most likely to be predisposed: a 
woman with a history of breast or ovarian cancer. When a deleterious mutation has 
been identifi ed, a mutation-targeted test can be performed in the patient’s relatives. 
Thus, in  BRCA1/BRCA2 -positive families, a negative result in a relative is reassuring.  

    Functions of BRCA1 and BRCA2 Proteins, the Homologous 
Recombination Pathway 

 The observation of the nucleus colocalisation of the BRCA1 and RAD51 proteins 
during the cell cycle S phase was a breakthrough in the knowledge of BRCA1 
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function [ 8 ], as the amino-acid sequence of BRCA1 did not provide any clues to a 
specifi c cellular pathway. BRCA1 and BRCA2 proteins are involved in the repair of 
DNA double-strand breaks (DSB) by HR, a critical function for the survival of nor-
mal cells [ 9 ,  10 ], and Fig.  2.1 . In the absence of functional HR, unrepaired or incor-
rectly repaired DSBs lead to a massive loss of genetic information, genomic 
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  Fig. 2.1    BRCA, DNA repair and the cell cycle (Foulkes and Shuen [ 9 ]). In response to DNA dam-
age, BRCA1 mediates HR (depicted in the outer ring) and cell cycle regulation (depicted in the 
inner ring) when bound to different various macrocomplexes. Following a double-strand break, 
ATM (ataxia telangiectasia mutated) and  ATR  (ataxia telangiectasia and Rad3-related) phosphory-
late a number of downstream effectors, including H2AX, MRN (MRE11-RAD50-NBN), BRCA1 
and its binding partner BARD1 (BRCA1-associated RING domain protein 1), initiating the DNA 
damage response ( DDR ). BRCA1 binds to BRIP1 (BRCA1-interacting protein 1), and SWI/SNF 
regulates histone deacetylases to open up the chromatin, perhaps allowing access of repair enzymes 
to the site of DNA damage. Following complex enzymatic modifi cations by ubiquitin and  SUMO  
(small ubiquitin-like modifi er),  RAP80  (receptor-associated protein 80) and FAM175A (Abraxas) 
recruit BRCA1 and other downstream repair enzymes to the site of DNA damage. BRCA1, cou-
pled with MRN and  CtIP  (C-terminal binding protein interacting protein), is involved in resecting 
the DNA ends to create single-stranded DNA (ssDNA), which is protected by  RPA  (replication 
protein A). The BRCA1/PALB2/BRCA2 macrocomplex is then required for RPA displacement 
and RAD51 loading onto ssDNA. Finally, RAD51 mediates sister chromatid strand invasion and 
homologous repair. Acting in parallel with the DNA damage response are BRCA1 complexes that 
regulate the cell cycle. BRCA1 coupled with BRIP1 and TOPBP1 regulates G1 – S and intra-S 
phase checkpoints, while BRCA1/MRN/CtIP and BRCA1/RAP80/FAM175A (Abraxas) regulate 
the G2 – M phase checkpoint       
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rearrangements or cell death. BRCA1 appears to have an early and broad role in the 
HR process via a ubiquitin ligase function: BRCA1 is involved in genome surveil-
lance by the transmission and amplifi cation of the signal induced by DSB; in addi-
tion, BRCA1 promotes HR via a modulatory role in the PALB2-dependent loading 
of BRCA2-RAD51 repair machinery. Moreover, BRCA1 exerts negative control on 
the cell cycle, thereby allowing the cell to repair its DNA damages especially during 
S phase. Inversely, BRCA2 is directly involved in the HR process via the sequestra-
tion and release of small RAD51 recombinase molecules at the site of the DSB 
(Fig.  2.1 ). Bi-allelic germline  BRCA2  mutations are responsible for Fanconi dis-
ease, a recessive disease with strong genetic heterogeneity, as 15 genes have been 
identifi ed to date.

   The involvement of BRCA1 and BRCA2 in DNA damage response (DDR) has 
led to the hypothesis that cells with a BRCA1 or BRCA2 defect could be more sen-
sitive to alkylating agents that considerably increase DSBs and to molecules inhibit-
ing DNA repair pathways other than HR, such as base excision repair (BER) [ 11 ]. 
Poly-ADP-ribose-polymerase inhibitors are an emerging family of DDR inhibitors 
(see Chap.   13     J Ledermann). 

 As mentioned above,  BRCA1  and  BRCA2  mutations cannot account for all severe 
breast/ovarian cancer families, suggesting that other predisposing genes have yet to 
be identifi ed. Consequently, partner genes of  BRCA1  and  BRCA2,  especially those 
involved in the HR pathway, are good candidates to be associated with high cancer 
risks and higher tumour sensitivity to alkylating agents or DDR inhibitors in case of 
gene inactivation. Numerous genes have been tested in association studies, for 
example,  CHEK2  and  CHEK1  involved in cell cycle control;  ATM ,  MRE11A  and 
 NBN  involved in the detection of DNA damage; and  PALB2  and  BRIP1  which are 
also Fanconi disease genes. Of note, no monoallelic deleterious mutation of  RAD51  
has yet been reported, probably because such mutations would be lethal. In contrast, 
mutations of  RAD51  paralogs (duplicated genes during species evolution that have 
slightly diverged but still have very similar functions to those of the original gene) 
have been reported and are associated with an increased risk of ovarian cancer (see 
below). Most of these genes are currently at the stage of research, and genetic test-
ing has not been proposed to date.  

    Histology of Ovarian Carcinoma in  BRCA1/BRCA2  Mutation 
Carriers 

 Lakhani et al. compared the pathological characteristics of 178  BRCA1  and 29 
 BRCA2  OCs to those of 235 age-matched controls [ 12 ]. Both  BRCA1  and  BRCA2  
tumours were of higher grade than control tumours ( p  <0.0001 and  p  = 0.028, 
respectively). Well-differentiated and grade 1 tumours do exist in  BRCA1/BRCA2  
mutation carriers but tend to be rare. Similarly to sporadic cases, papillary serous 
OC is the most prevalent type, observed in 44 and 48 % of  BRCA1  and  BRCA2  
mutation carriers, respectively, followed by the endometrioid type, 36 and 38 % in 
 BRCA1  and  BRCA2  mutation carriers, respectively .  The frequency of serous 
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tumours is reported to be signifi cantly higher among  BRCA1  mutation carriers (OR 
1.84, 95 %CI 1.21–2.79), while the frequency of mucinous tumours is much lower 
(OR 0.13, 95 % CI 0.05–0.34,  p  <0.0001). The distribution of histological types in 
 BRCA2  tumours is similar to that in  BRCA1  tumours but not signifi cantly different 
from the control distribution. The frequency of borderline tumours does not appear 
to be increased in  BRCA1/BRCA2  mutation carriers. In the study by Zhang et al., no 
 BRCA1/BRCA2  mutation was identifi ed in a series of 112 cases of unselected muci-
nous carcinomas [ 13 ]. As in the general population, clear cell forms and carcinosar-
comas are rare. In summary,  BRCA1/BRCA2  OCs are classically poorly differentiated 
and of high grade, corresponding to the “type 2” pathway of ovarian carcinogenesis 
[ 14 ]. OCs in  BRCA1/BRCA2  mutation carriers are thought to arise from serous 
intraepithelial tubal carcinoma (STIC) in the fallopian tubes, associated with  TP53  
somatic mutations [ 15 ].  

    Prevalence of  BRCA1/BRCA2  and Other HR Pathway Gene 
Germline Mutations Among Ovarian Cancer Cases 

 Before reporting the prevalence of  BRCA1/BRCA2  germline mutations in women 
with OC, it is useful to recall the prevalence of these mutations in the general popu-
lation (males and females). According to the Anglian Breast Cancer Study, and 
taking into account the Hardy and Weinberg law, the allelic frequency for  BRCA1  
mutations in the general population was estimated to be 0.051 % (95 % CI: 0.021 – 
0.125 %), and the allelic frequency for  BRCA2  mutations was estimated to be 
0.068 % (95 % CI: 0.033 – 0.141 %). The frequencies of  BRCA1  and  BRCA2  muta-
tion carriers were therefore estimated to be 1/974 and 1/734, respectively. In other 
words, the frequency of  BRCA1/BRCA2  mutation carriers in the general population 
is about 1/400 [ 16 ]. In the study by Song et al. described below, the observed fre-
quency of  BRCA1/BRCA2  mutation carriers among the 1528 cancer-free controls 
was 0.37 % (one  BRCA1  mutation, 4  BRCA2  mutations), corresponding to 1/270 
 BRCA1/BRCA2  carriers in the general population, with 1/1428  BRCA1  mutation 
carrier and 1/333  BRCA2  mutation carrier [ 17 ]. 

 Numerous studies have examined the prevalence of  BRCA1/BRCA2  germline 
deleterious mutations in women with OC. The most recent studies performed in the 
largest series were based on a molecular testing approach that was as complete as 
possible [ 17 ,  18 ]. 

 Song et al. performed germline analyses of  BRCA1, BRCA2, MLH1 ,  MSH2 , 
 MSH6  and  PMS2  genes in a series of 2222 women with invasive OC unselected for 
breast or ovarian cancer and in 1528 controls. Proportions of histological subtypes, 
serous (57 %), endometrioid (14 %), clear cell (8.6 %), mucinous (7.1 %) and high 
grade (66 %), were consistent with unselected OCs. Among the 2222 OCs, 178 
(8 %)  BRCA1/BRCA2  mutation carriers were identifi ed: 84  BRCA1  mutation carri-
ers (3.8 %) and 94  BRCA2  mutation carriers (4.2 %). The proportion of  BRCA1/
BRCA2  carriers was higher in the high-grade subgroup, with 11 % of carriers. 
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 Alsop’s study, conducted in a series of 1001 consecutive cases of non-mucinous, 
non-borderline OC, identifi ed 141  BRCA1/BRCA2  mutation carriers: 14.1 % (95 % 
CI: 11.9–16.3). About 2/3 of these cases were  BRCA1  mutation carriers (88 cases), 
and 1/3 were  BRCA2  mutation carriers (53 cases). In the serous and high-grade 
subgroups, 16.6 % and 16.8 % of cases were associated with a  BRCA1 or BRCA2  
germline mutation, respectively, and 17.1 % of cases harboured combined charac-
teristics. Notably, 45 % of mutation carriers did not present a positive family history 
for breast and/or ovarian cancers, highlighting the fact that family history is not a 
sensitive marker for  BRCA1/BRCA2  detection [ 18 ]. The indications for  BRCA1/
BRCA2  germline mutation testing in a patient with ovarian cancer are summarised 
in Table  2.3 . 

 Walsh et al. used a high-throughput sequencing method to screen 21  BRCA1/
BRCA2  partner genes that are candidates to be associated with an increased risk of 
breast or ovarian cancers in a series of 360 women with ovarian, peritoneal or fal-
lopian tube carcinoma. Mucinous carcinomas were excluded, and a selection bias 
towards high-grade cases was observed, as 91 % of tumours were high grade. 
Among the 360 women tested, 24 % carried a deleterious mutation: 18 % in  BRCA1  
or  BRCA2  (a fi gure similar to Alsop’s study) and 6 % in  BARD1 ,  BRIP1 ,  CHEK2 , 
 MRE11A ,  MSH6, NBN, PALB2, RAD50, RAD51C  or  TP53  [ 19 ].  

     BRCA1 ,  BRCA2  and HR-Associated Genes: Breast and Ovarian 
Cancer Risks 

 Two meta-analyses examined the risk of breast and ovarian cancers in  BRCA1  
and  BRCA2  carriers [ 20 ,  21 ]. Note that the meta-analysis by Antoniou, per-
formed without selection for family history, was included in the meta-analysis by 
Chen and Parmigiani, which combined both family and population-based studies 
and which mainly concerned the risks of breast and ovarian cancers (Table  2.1 ). 
Cumulative risks of ovarian cancer at ages 40, 50, 60 and 70 are reported in 
Table  2.2  [ 21 ]. The mean age at onset for both breast and ovarian cancers was 
younger in  BRCA1  and  BRCA2  carriers compared to the general population. In 

   Table 2.1    70-year cumulative risk of breast and ovarian cancer in  BRCA1  and  BRCA2  mutation 
carriers   

 Cumulative cancer risk at age 70   BRCA1  (95 %CI)   BRCA2  (95 %CI) 

  Breast cancer  

 Antoniou et al. (2003)  65 % (44–78)  45 % (31–56) 

 Chen and Parmigiani (2007)  57 % (47–66)  49 % (40–57) 

  Ovarian cancer  

 Antoniou et al. (2003)  39 % (18–54)  11 % (2.4–19) 

 Chen and Parmigiani (2007)  40 % (35–46)  18 % (13–23) 
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addition, according to the recent study by Alsop performed in a large series of 
OC women, the mean age at onset in sporadic cancer patients was 60.5 years 
versus 53.4 years and 59.8 years in patients with  BRCA1  and  BRCA2  mutations, 
respectively [18].

    These fi gures correspond to mean cancer risks. Shortly after the identifi cation 
of  BRCA1  and  BRCA2,  it was observed that cancer risks may differ from one 
family to another (defi ned by close relatives) and among relatives of the same 
family. These differences were not chance differences but were underpinned by 
modifying factors that can be either genetic or non-genetic or by the nature/loca-
tion of the causative mutation. Two international consortia have been established 
in order to identify such modifying factors: HBCCS and CIMBA. A recent study 
performed by CIMBA in a very large number of women (19,581  BRCA1  and 
11,900  BRCA2  mutation carriers) identifi ed regions of the coding sequence in 
both genes in which the relative risk of ovarian cancer may be higher than the 
relative risk of breast cancer [ 22 ]. A genome-wide association study conducted 
on a series of 11,403,952 SNPs disseminated throughout the genome on 15,437 
sporadic cases, 15,252  BRCA1  carriers, 8211  BRCA2  mutation carriers and 
30,845 controls has also identifi ed 6 SNPs associated with a slight increase of the 
relative risk of ovarian cancer. However, only two of these SNPs increase the risk 
of ovarian cancer in  BRCA1  mutation carriers, and only one increases the risk of 
ovarian cancer in  BRCA2  mutation carriers [ 23 ]. The results of these extensive 
studies are disappointing at the present time, as they do not lead to any modifi ca-
tion of the management of at-risk women, but they need to be pursued by com-
bining factors of various origins. 

 Few data are available concerning ovarian cancer risk associated with germline 
mutation of genes involved in HR. At the present time, estimated cancer risks are 
only available for two  RAD51  paralogs,  RAD51D  and  RAD51C  [ 24 ,  25 ]. The rela-
tive risk of ovarian cancer was estimated to be 6.30 (95 % CI: 2.86–13.85) in 
 RAD51D  mutation carriers and 5.88 (95 % CI: 2.91–11.88) for  RAD51C  mutation 
carriers, which constitutes a >9 % cumulative risk by age 80 [ 25 ,  26 ]. The lack of 
precise estimates of cancer risk associated with these newly identifi ed genes is a 
major limitation to their use for genetic counselling in clinical practice. However, 
genes involved in HR could be used to guide treatment.  

   Table 2.2    Predicted ovarian cancer risk of a 30-year-old woman carrying a  BRCA1  or  BRCA2  
germline mutation   

 Risk (%) of developing ovarian cancer by age 

 30-year-old woman with a 
 BRCA1/BRCA2  mutation 

 Risk at age 40 
 Mean (95 %CI) 

 Risk at age 50 
 Mean (95 %CI) 

 Risk at age 60 
 Mean (95 %CI) 

 Risk at age 70 
 Mean (95 %CI) 

  BRCA1   2.2 (1.6–3.4)  8.7 (6.7–12)  22 (18–27)  39 (34–43) 

  BRCA2   0.52 (0.28–1)  2.4 (1.5–4.2)  7.4 (5.1–11)  16 (12–20) 

  From Chen and Parmigiani [ 21 ]  
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    Prevalence of Somatic Inactivation of  BRCA1/BRCA2  and HR 
Genes in Ovarian Cancer and Related Diseases 

 Although it has been clearly demonstrated that, in the presence of a germline  BRCA1/
BRCA2  mutation, the second allele is somatically inactivated, identifi cation of the 
 BRCA1  gene immediately raised the question of its possible bi-allelic somatic inacti-
vation. The article reporting the identifi cation of  BRCA1  in the October 1994 issue of 
 Science  was accompanied by another article reporting a study based on a series of 32 
breast carcinomas selected for a deletion of the 17q arm, in which  BRCA1  is located. 
Although three  BRCA1  mutations were detected in the tumour, they all corresponded 
to germline mutations [ 27 ]. Consequently, up until recently, tumour inactivation of 
 BRCA1/BRCA2  genes was considered to be mainly associated with germline muta-
tions. However, recent studies, based on high-throughput sequencing techniques in 
large series of ovarian cancers, have thrown new light on this issue, which is of critical 
importance with the recent development of DDR inhibitors, to which strictly somati-
cally  BRCA1/BRCA2  inactivated tumours are expected to also be sensitive. 

 The Cancer Genome Atlas (TCGA) project selected 316 high-grade serous ovar-
ian carcinomas. Exome, promoter methylation, transcriptome, microRNA expres-
sion and DNA copy number were studied for each tumour [ 28 ]. Germline DNA was 
matched. Tumour analyses identifi ed 73  BRCA1/BRCA2  mutations (23 %), which 
were of germline origin in 52 cases (17 %). Conversely, in 21 (6 %) tumours, 
 BRCA1/BRCA2  inactivation was strictly somatic. In summary, 25 % (21/73) of 
 BRCA1/BRCA2  inactivations may be somatic. The  BRCA1  promoter has also been 
shown to be methylated in about 10 % of tumours, suggesting loss of expression. 
Genes of the HR pathway ( EMSY, FANC, RAD51C, PALB2, CHEK2, BRIP1)  have 
also been found to be mutated in the absence of  BRCA1/BRCA2  inactivation. 

 In the study by Pennington et al., providing an update to the study by Walsh et al., 
30 genes, including  BRCA1, BRCA2  and 13 genes involved in the HR pathway and cell 
cycle control ( BRCA1, BRCA2, ATM, BARD1, BRIP1, CHEK1, CHEK2, FAM175A, 
MRE11A, NBN, PALB2, RAD51C ,  RAD51D ), were sequenced in a series of 390 cases 
of high-grade OC at both germline and tumour levels [ 19 ,  29 ]. A deleterious  BRCA1/
BRCA2  mutation was identifi ed in 24 % of tumours (18 % germline and 6 % strictly 
somatic). Deleterious mutations of other genes were also identifi ed in 8.6 % of cases 
(6 % germline and 2.6 % strictly somatic). The somatic/germline inactivation ratio was 
25 %, similar to that observed in the TCGA study (Fig.  2.2 ). It is noteworthy that 
although germline HR pathway gene mutations do exist in low-grade serous carcinoma 
(11 % of cases), no strictly somatic gene inactivation has been observed.

   The Pennington study also reported that tumours demonstrating inactivation of 
the  BRCA1/BRCA2  or HR pathway genes, regardless of its origin, are more sensi-
tive to platinum-based therapy than non-mutated tumours [ 29 ]. Due to the complex-
ity of genetic testing, especially on formalin-fi xed, paraffi n-embedded tissues, the 
availability of a tumour BRCAness or HRness signature would be highly desirable 
to select patients for clinical trials and specifi c treatments. Such signatures, which 
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  Fig. 2.2    Mutation rates in homologous recombination (HR) genes (From Pennington et al. [ 29 ]). 
( a ) According to Pennington’s study in 367 subjects, 115 (31.3 %) had deleterious mutations in one 
of 13 HR genes tested: 83 (22.6 %) with germline mutations, 28 (7.6 %) with somatic mutations 
and 4 (1.1 %) with both germline and somatic mutations. ( b ) According to Pennington’s study in 
367 subjects, 87 subjects (24 %) had  germline mutations  in 11 HR genes: 49 (13.4 %) in  BRCA1 , 
17 (4.6 %) in  BRCA2  and 22 (6 %) in other homologous recombination genes, including  BARD1, 
BRIP1, CHEK1, CHEK2, FAM175A, NBN, PALB2, RAD51C  and  RAD51D . ( c ) According to 
Pennington’s study in 367 subjects, 32 carcinomas (8.7 %) had a total of 35  somatic mutations  in 
7 HR genes: 19 (5.2 %) in  BRCA1 , 6 (1.6 %) in  BRCA2  and 10 (2.7 %) in other homologous recom-
bination genes, including  ATM, BRIP1, CHEK2, MRE11A and RAD51C        
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correspond to genomic scars of the HR defect, are currently under development 
[ 30 – 32 ] and are starting to be used in clinical trials [ 33 ].   

    Lynch Syndrome 

    Definition 

 Lynch syndrome, also known as hereditary non-polyposis colorectal cancer 
(HNPCC), was fi rst described by Henry Lynch, who reported rare familial aggrega-
tions of colorectal, gastric, endometrium, small bowel, biliary tract, urothelium tract 
and ovarian cancer with early onset and whose distribution in one side of the family 
suggested a predisposing gene transmitted according to an autosomal dominant 
mode [ 34 ]. The Amsterdam clinical criteria, initially defi ned arbitrarily in order to 
select families for identifying responsible genes, should now be abandoned. The 
current defi nition of Lynch syndrome is molecular, based on identifi cation of an 
inactivating monoallelic germline mutation in a gene involved in the DNA mis-
match repair pathway (MMR):  MLH1 ,  MSH2, MSH6  or exceptionally  PMS2  [ 35 ]. 
As indicated for  BRCA1  and  BRCA2 , Lynch syndrome is associated with a marked 
heterogeneity of deleterious mutations. In addition, there are also a large number of 
variants of unknown signifi cance that require complementary classifi cation 
studies.  

    Function of the Mismatch Repair Pathway 

 The function of the MMR pathway is to correct DNA polymerase nucleotide misin-
corporations that may occur during DNA replication. Seven proteins compose the 
human MMR system with three MutS-homologs (MSH2, MSH3 and MSH6) and 
four MutL homologs (MLH1, MLH3, PMS1 and PMS2). MutS proteins recognise 
a mismatch and recruit the ATP-bound MutL protein and then correct the mismatch. 
The MutS homodimer is formed by either MSH2/MSH6 (the MutSα complex) for 
single-base mismatches and short insertion–deletion loops or MSH2/MSH3 (the 
MutSβ complex) for larger loops. The endonuclease function in the PMS2 subunit 
of MutLα (formed by MLH1 and PMS2) excises the DNA strand containing the 
wrong nucleotide and resynthesises the excision gap via the replicative DNA 
polymerase. 

 In MMR pathway-defi cient cells, short tandem repeat sequences, i.e. microsatel-
lites, appear particularly prone to nucleotide misincorporations. The resulting mic-
rosatellite instability (MSI) is a hallmark for MMR defects (for review, see [ 36 ]). 
Lynch syndrome with genome-wide microsatellite instability therefore presents a 
signature of MMR dysfunction. This signature is applied in routine diagnosis. This 
signature is sensitive – the absence of MSI can almost formally exclude the diagno-
sis of Lynch syndrome (sensitivity of about 90 %, but less reliable with  MSH6 ) – 
and nonspecifi c, as MSI may result from  MLH1  promoter methylation in late-onset 
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colorectal cancers [ 37 ,  38 ]. Techniques and interpretation are now well standardised. 
Immunohistochemistry (IHC) analyses of MMR protein expression should also be 
performed, as the mutated gene is expected to lead to loss of expression of the cor-
responding protein in tumour tissue, which may guide genetic screening [ 38 ]. 

 Any case of Lynch syndrome spectrum cancer (see below) occurring before the 
age of 60 or even 70 years should be tested somatically for MMR system defi ciency 
(defi cient MMR phenotype (dMMR) defi ned by microsatellite instability (MSI) 
and/or loss of expression of MMR protein) (Table  2.3 ), as OCs can be considered to 
be like endometrial cancer, for which the combination of MMR protein expression 
followed by evaluation of  MLH1  promoter region methylation in cases demonstrat-
ing MLH1/PMS2 IHC loss provided the highest positive predictive value for iden-
tifi cation of mutation carriers in women younger than 60 years of age at diagnosis 
[ 39 ]. However, the current development of high-throughput sequencing techniques 
will radically change this stepwise diagnostic strategy by combining somatic pre-
screening analyses followed by germline MMR testing in selected patients. 
Nevertheless, these somatic analyses will still be useful, particularly for interpreta-
tion of the results and especially in the case of identifi cation of VUS, rather than to 
defi ne the indications for MMR gene screening.

       Histology of Ovarian Carcinoma in Lynch Syndrome Carriers 

 Chui et al. performed a review of the published literature [ 40 ]. Among 168 ovarian 
carcinomas observed in Lynch syndrome patients, 54 (32.1 %) were serous, 43 

     Table 2.3    Indications for molecular testing in women with OC   

  Indications for   BRCA1/BRCA2   germline testing  

  Individual criteria:   woman with ovarian cancer  
   Diagnosed  before age 71 years  (except for mucinous OC, borderline tumour and 

non-epithelial OC) irrespective of family history or with  high-grade serous ovarian 
cancer,  regardless of age at diagnosis if a targeted therapy is available 

   Or associated with a  personal history of breast cancer , regardless of age at diagnosis 

  Family criteria  
   Woman with ovarian cancer with (at least) one fi rst-degree relative (or second degree if the 

link is a man) with breast or ovarian cancer, regardless of age at diagnosis 

  Indications for screening for MMR gene germline mutations  

 Woman with ovarian cancer diagnosed before 61 years 
 Woman diagnosed with ovarian cancer and a Lynch syndrome spectrum cancer (colon, rectum, 
endometrium, ovary, stomach, urinary tract, biliary tract, small bowel) regardless of age at 
diagnosis 
 Woman with ovarian cancer and a fi rst-degree relative with a Lynch syndrome spectrum 
cancer (see above) 
  AND with MSI tumour (Lynch syndrome-associated ovarian or tumour)  
  OR in the absence of a somatic study  with clinical features highly suggestive of Lynch 
syndrome and familial aggregation of Lynch syndrome spectrum cancers concerning at least 
two generations and with at least one case diagnosed before the age of 50 years 
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(25.6 %) were endometrioid, 24 (14.3 %) were clear cell, 14 (8.3 %) were mucinous 
and 33 (19.6 %) were not otherwise specifi ed, i.e. an overrepresentation of non- serous 
ovarian cancers, such as endometrioid, clear cell and mucinous carcinomas. Chui 
et al. then performed a centralised pathology review on 20 ovarian cancers from 
patients carrying a confi rmed germline MMR mutation [ 41 ]. Surprisingly, this review 
revealed that all carcinomas were either pure endometrioid (14 cases, grade 1 or grade 
2, no grade 3), mixed with an endometrioid component (4 cases) or clear cell (2 cases). 
No serous or mucinous carcinomas were identifi ed in this small series. All tumours 
presented MSI. It should be noted that 19 of the 20 OCs were diagnosed at stage pT1 
or pT2, consistent with low or intermediate grade, as Lynch syndrome-associated OCs 
result from type 1 carcinogenesis ( TP53 -negative, low- grade [ 42 ]), but associated 
with a particular molecular profi le,  KRAS/BRAF  non- mutated, and with a frequency 
of 30 %,  PIK3CA  mutations, comparable to type 1 sporadic tumours [ 43 ].  

    Prevalence of Lynch Syndrome Among Ovarian Cancer Cases 

 To our knowledge, few studies have examined the frequency of Lynch syndrome in 
the general population. Based on the results of MMR gene screening performed in 
two series of colorectal cancer cases combined with 1044 Finnish cases, 2.7 % of 
patients were MMR mutation carriers. Figures were extrapolated to estimates in the 
general population. The frequency of Lynch syndrome was estimated to be 1/740 in 
the general population [ 44 ]. In the above-mentioned study by Song, germline MMR 
mutations were identifi ed in 5 out of 1528 cancer-free controls tested for  MLH1 , 
 MSH2 ,  MSH6  and  PMS2  germline mutations; extrapolation to the general popula-
tion results in a prevalence of one carrier for 306 individuals [ 17 ]. 

 Also in the study by Song, germline analysis of the MMR genes in a series of 
2222 patients with invasive OC identifi ed a pathogenic mutation in 17 cases 
(0.76 %), namely, 10  MSH6  mutations, 4  MSH2  mutations, 2  MLH1  mutations and 
one  PMS2  mutation. 

 Pal et al. screened  MLH1 ,  MSH2  and  MSH6  genes in a population-based series of 
1893 women with ovarian tumours, including borderline tumours (13.5 % of the series) 
[ 45 ]. Nine deleterious mutations were identifi ed in nine individuals [0.5 %; 95 % CI: 
0.2–0.8)], including 5  MSH6  mutations ,  2  MLH1  mutations and 2  MSH2  mutations. 

 Walsh et al. screened 21 tumour suppressor genes, including  MLH1 ,  MSH2, MSH6  
and  PMS2 , in a series of 360 women with primary ovarian, peritoneal or fallopian tube 
carcinoma [ 18 ]. Cases of mucinous ovarian cancer were excluded. Most tumours 
(91 %) were high-grade tumours. Only two deleterious germline  MSH6  mutations 
were identifi ed (0.5 %), with no  MLH1 ,  MSH2  or  PMS2  mutations. It is noteworthy 
that the only MMR gene found mutated in this series of cases selected for type 2 OC, 
while Lynch syndrome-associated OCs tend to be type 1, was  MSH6 . These results 
are consistent with those reported in the two previously cited studies, indicating that 
most patients with Lynch syndrome-associated OC were  MSH6  mutation carriers. 

 In summary, Lynch syndrome patients represent a small proportion of ovarian 
cancer cases. Carrier frequency may be only about 1 %, and mutations involve the 
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 MSH6  gene in the majority of cases. However, Lynch syndrome should be sus-
pected in any patient diagnosed with ovarian cancer before the age of 61 years and/
or with a personal or family history of Lynch syndrome spectrum cancers (Table  2.3 ).  

    Cancer Risks in Lynch Syndrome 

 The “narrow cancer spectrum” of Lynch syndrome, defi ned by a relative risk 
higher than 8, includes colorectal, endometrial, urinary tract and small bowel can-
cers. The “broad cancer spectrum”, defi ned by a relative risk between 5 and 8, 
includes ovarian, stomach and biliary tract cancers. Good estimates of cancer 
risks were provided by the ERISCAM study that was designed to avoid ascertain-
ment bias in cases with a positive family history [ 46 ]. This study examined 537 
individuals and their relatives with a germline mutation in one of the MMR genes 
[ MLH1  ( n  = 248),  MSH2  ( n  = 256) and  MSH6  ( n  = 33)]. Table  2.4  reports cancer 
risks according to the gene identifi ed. The specifi c ovarian cancer  cumulative risk 
at the age of 70 years was estimated to be 8 % (95%CI: 2–37 %) in the entire study 
population. This risk was estimated to be 20 % (95%CI: 1–65 %) in patients with 
 MLH1  mutation, 24 % (95%CI: 3–52 %) in patients with  MSH2  mutation and 1 % 
(95%CI: 0–3 %) in patients with  MSH6  mutation (Table  2.5 ). Globally, the 

   Table 2.5    Age-specifi c cumulative risks of ovarian cancer according to genes for MMR mutation 
carriers   

 Cumulative ovarian cancer risks 

 Age (year) 
 All 
 % (95 %CI) 

  MLH1  
 % (95 %CI) 

  MSH2  
 % (95 %CI) 

  MSH6  
 % (95 %CI) 

 30  0  0  0 (0–1)  0 

 40  1 (0–1)  0 (0–2)  1 (0–3)  0 

 50  3 (1–5)  4 (0–11)  4 (1–9)  0 (0–1) 

 60  7 (2–21)  15 (1–45)  11 (2–28)  1 (0–2) 

 70  8 (2–37)  20 (1–65)  24 (3–52)  1 (0–3) 

  From Bonadona et al. [ 46 ]  

 Cumulative risks of cancer at the age of 70 years  % (95 %CI) 

 Colorectal cancer  35 (25–49) 

 Endometrial cancer  34 (16–58) 

 Ovarian cancer  8 (2–37) 

 Stomach  0.7 (0.08–4.4) 

 Urothelium  1.9 (0.3–5.3) 

 Small bowel  0.6 (0.1–1.3) 

 Biliary tract  0.6 (0.07–2.5) 

  From Bonadona et al. [ 46 ]  

  Table 2.4    Cumulative risks of cancers in Lynch syndrome for all genes  
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ovarian cancer cumulative risk at age 40 years was less than 1 %. However, assess-
ment of ovarian cancer risks is subject to caution in view of the small number of 
families, especially those with  MSH6  germline mutations.

        Impact of Tumour Microsatellite Instability in the Clinical 
Management of Patients 

 Survival with MMR defi ciency has been extensively investigated in patients with 
colorectal cancer, but much less extensively in patients with ovarian cancer. The 
prognosis is defi nitely better with MMR defi ciency, which can be explained by 
reactive immunity [ 47 ]. The microsatellite instable subset in colorectal cancer 
seems to be a good immunotherapy checkpoint candidate [ 48 ]. Anti-PD-1 and anti-
PD-L1 are new emerging therapeutic agents responsible for blockade of the pro-
grammed death (PD-1) pathway, a negative feedback system that represses the Th1 
cytotoxic immune response. This pathway is upregulated in many tumours, and 
blockade of this pathway by antibodies targeting either PD-1 or its ligands (PD-L1, 
PD-L2) has resulted in remarkable clinical responses. Some experimental and clin-
ical data suggest that tumours with defi cient MMR (dMMR) phenotype may be 
more responsive to PD-1 blockade than profi cient MMR tumours (pMMR), as 
dMMR tumours have 10 to 100 times as many somatic mutations that have the 
potential to encode “non- self” immunogenic antigens, compared to pMMR 
tumours. dMMR tumours may therefore be more immunogenic and consequently 
more sensitive to these new immunotherapeutic approaches, as suggested by the 
results of the recently published phase II study by Le et al. evaluating the activity 
of pembrolizumab, an anti- PD 1 immune checkpoint inhibitor, in a small number 
of pMMR colorectal cancers, dMMR colorectal cancers and in other dMMR can-
cer types (cholangiocarcinoma, endometrial, small bowel and gastric) [ 49 ]. If these 
results are further confi rmed and extended to ovarian cancers, patients with spo-
radic or Lynch-associated dMMR ovarian cancers may benefi t from the adminis-
tration of these new agents.   

    Cancer Genetic Testing Issues: Adding to Prevention 
Management and Specific Treatment Choices 

 As mentioned in the introduction, the aim of genetic testing for “a cancer- 
predisposing gene” up until now has been cancer prevention in the tested individual 
and his/her relatives. A new era is opening with the advent of PARP inhibitors for 
the treatment of women with OC with  BRCA1  or  BRCA2  gene inactivation and, in 
the near future, for genes involved in HR. As up to 25 % of  BRCA1/BRCA2  inactiva-
tion may have occurred only in the tumour and may therefore be strictly somatic, it 
would be useful to start by testing the  BRCA1/BRCA2  genes in the tumour. This new 
genetic testing issue and new testing strategies raise a number of challenges for 
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molecular and clinical geneticists, oncologists as well as patients. The resolution of 
these challenges may lead to a modifi cation of current genetic testing practices. 

 Genetic testing is expected to increase in the future, as most women with ovarian 
cancer, including women with high-grade OC after 70 years of age, and their oncol-
ogists will systematically require  BRCA1/BRCA2  genetic tests. Result delivery time 
will need to be shortened. Technical diffi culties of  BRCA1/BRCA2  full gene screen-
ing, including screening for large gene rearrangements on formalin-fi xed, paraffi n- 
embedded tissues, must not be underestimated. To avoid loss of opportunity, 
 BRCA1/BRCA2  tests will probably need to be performed at both the germline and 
tumour levels. 

 Patients will be asked to consent to a test comprising multiple issues that are 
often diffi cult to understand. They will be required to give their consent at the 
time of diagnosis, associated with a high level of stress. Will patients really be 
able to provide their free and informed consent? Genetic testing starting with the 
tumour could be considered to dissociate genetic predisposition from therapeutic 
issues. However, even if the technical diffi culties of tumour genetic testing are 
resolved in the near future, allowing tumour testing to be performed fi rst, a posi-
tive result, corresponding to the presence of a germline mutation in 75 % of 
cases, will still constitute a cancer-predisposing genetic test. Patient information 
concerning genetic testing issues, support to help them communicate a positive 
result to their relatives, and their own personal psychological support will still be 
required. 

 Improvement of the interpretation of  BRCA1/BRCA2  sequencing will remain of 
utmost importance, especially in terms of VUS. It is essential to enter VUS into 
specialised databases in order to contribute to their classifi cation so that the patient 
can subsequently be informed once the signifi cance of a VUS has been determined. 
As mentioned above, the international ENIGMA consortium and the BRCA 
Challenge of the Global Alliance for Genomics and Health are actively involved in 
this fi eld. Maintenance of the participation of patients, oncologists and geneticists 
in these initiatives constitutes a real challenge. Similarly, although new ovarian can-
cer genes have recently been identifi ed as a result of high-throughput sequencing, 
precise estimates of cancer risk are impossible and screening tests cannot be per-
formed in relatives in a diagnostic setting. Further epidemiological studies in 
patients and their relatives are required. 

 In summary, two principles must be taken into account for the defi nition of new 
cancer genetic testing guidelines: (1) patient information and support and (2) 
improvement of test quality, especially concerning interpretation of the results. 
More genetic counsellors specialised in cancer genetics are needed, oncologists 
must be educated about genetic testing issues and the diffi culties of interpretation of 
the results and new information media (phone, web, booklets) must be developed 
[ 50 ]. Epidemiological studies must be conducted and variant databases must be 
established. Networks between oncologists and clinical and molecular geneticists 
therefore need to be set up and will be a central component of these new 
guidelines.     
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    Abstract 
   Surgery for advanced ovarian cancer should now take into account the modern data 
on the pathophysiology of these diseases and the results of randomized trials. 

 Initial management of chemosensitive diseases such as high-grade serous carci-
noma, grade 3 endometrioïd cancer, and carcinosarcomas relies on surgery and 
chemotherapy. The goal of surgery is the complete resection of macroscopic 
lesions. The remaining question is the timing of surgery, primary or interval. Owing 
to results of four randomized trials, we can state that patients with operable disease 
and good general status should receive surgery fi rst. Patients in poor general 
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condition or with large or disseminated metastases should receive  chemotherapy 
fi rst. For other patients, surgery or neoadjuvant chemotherapy can be proposed. 

 Integration of biological data in the decision making process seems relevant, 
but few data are now available and of clinical interest.  

    Role, objective, and time of surgery of carcinomatosis from adnexal origin has been 
in debate for the past 30 years. 

 Griffi th was the fi rst to establish a clear relation between residual disease and 
survival [ 1 ]. Since then, all the studies that addressed this issue found the same 
result: residual disease is the most important prognostic factor in these patients, i.e., 
survival is correlated to the surgical output. 

 Conversely, some authors argued that extensive surgery was frequently responsi-
ble of severe intra- and postoperative morbidity and had a detrimental impact on 
initiation of chemotherapy (and prognosis?), as well as on quality of life [ 2 ,  3 ]. The 
concept of interval debulking surgery after some cycles of chemotherapy has emerged 
in order to decrease morbidity, improve quality of life, and even improve survival [ 4 ]. 

 During the same period, the understanding of “ovarian cancer” as a disease 
improved. Several diseases were identifi ed according to histological but also molec-
ular characteristics [ 5 ]. 

 All the ideas that will be developed in this chapter are mainly applicable to che-
mosensitive diseases such as high-grade serous carcinoma, grade 3 endometrioïd 
tumors, and carcinosarcomas. Other types, like low-grade serous cancers and muci-
nous and clear cell carcinomas, should probably follow different concepts. 

    Goals and Results of Cytoreduction 

 Bristow et al. published a meta-analysis including only cohorts of patients with 
stage III/IV ovarian cancer who received a “modern” platinum-based chemotherapy 
[ 6 ]. He reported that “maximal cytoreductive surgery” (largest residual ≤3 cm) was 
obtained in 41.9 % of patients (0 – 100 %) and that survival of each cohort was sig-
nifi cantly correlated to the rate of patients having a maximal cytoreductive surgery. 
Clearly, a cohort with less than 25 % of maximal cytoreductive surgery had a median 
survival of 23.0 months. On the other hand, cohorts with more than 75 % of maxi-
mal cytoreductive surgery reached a median survival time of 36.8 months. Increasing 
the rate of maximal cytoreductive surgery by 10 % led to an increased median sur-
vival of 5.5 %. In other words, the simple respect of surgical standard of care pro-
vides survival benefi ts similar to that obtained by addition of new drugs. Finally, 
multiple linear regression analysis showed that rate of maximal cytoreductive sur-
gery was the strongest prognostic factor of the cohort [ 6 ]. 

 Subsequently numerous authors established that “optimal” surgery provided better 
results in terms of progression-free survival (PFS) as well as overall survival (OS), when 
compared to patients with larger residual disease. However, one limitation was the fl ex-
ible defi nition of “optimal” according to authors and its lack of reproducibility [ 7 ]. 
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 Chi et al. introduced the concept of “complete macroscopic resection” [ 8 ]. He 
reported a series of IIIc patients and observed that OS was signifi cantly better in 
patients without macroscopic residuals when compared to <1 cm and >1 cm residu-
als (median OS of 106 months for stage IIIc patients) [ 8 ]. Du Bois et al. confi rmed 
this notion. He reported on survival of patients included in three drug trials, accord-
ing to completeness of surgery: complete resection vs. 1–10 mm residuals vs. 
>10 mm residuals. 3126 patients were analyzed and complete resection was obtained 
in 33.5 %, whereas 1–10 mm residuals were observed in 37.8 % and >10 mm residu-
als in 24.7 %. Signifi cantly longer PFS and OS were observed in patients after com-
plete resection (up to 99.1 months OS). The same effect was observed for the overall 
population and also after stratifi cation according to stage (IIb-IIIb, IIIc, or IV) or 
histological types [ 9 ]. On the other hand, the initial tumor burden had also an effect, 
since the survival improvement was lower in stage IV than in stage IIIc [ 9 ]. 

 However, the impact of increasing the surgical effort could not be assessed by 
these data. Was complete resection due to the disease (limited extension, intrinsic 
biology) or to the surgeon (surgical aggressiveness)? Chi et al. reported two cohorts 
of patients, operated on in two different time periods. During the fi rst period, surgery 
was mainly limited to the pelvis and nodal areas, whereas a more aggressive surgery, 
including procedures in the upper abdomen, was performed in the second period. 
Optimal surgery rate and complete resection rate were signifi cantly higher in the 
second time period [ 10 ]. At last, survival (PFS and OS) was signifi cantly improved 
in the second group of patients, indicating that increasing the surgical aggressiveness 
and increasing the rate of optimal/complete resection had an impact on survival (with 
the limitation that other factors could also improve survival). Major complications 
were also signifi cantly more frequent in the second group of patients [ 11 ]. 

 Morbidity of primary surgery constitutes its main limitation. A recent multi-
center study showed that postoperative complications occurred in 33 % of patients 
with major complications in 11 % [ 3 ]. Primary surgery, extent of surgery, perform-
ing any bowel resection (especially recto-sigmoïdectomy), and high Peritoneal 
Cancer Index (PCI) associated with bowel resection were signifi cant predictors of 
morbidity. The impact of complications on initiation of chemotherapy is an issue. 
Delaying the medical treatment has been proved to be detrimental in colonic can-
cers. Data are scarce in ovarian cancer. However, it appears that delay has no prog-
nostic impact under the cutoff of 35 days [ 12 ].  

    How to Achieve Complete Surgical Resection? 

 The rate of optimal or complete cytoreduction is widely variable among teams. 
Explanations and discussions have mainly focused on surgery. However, the notion 
of “team” appears more and more important. Preoperative evaluation of the patient, 
in terms of extension of the disease, and also of the patient herself is a critical stage. 
Assessment of the disease extension requires a close collaboration between radiolo-
gists, pathologist, and surgeon. Logically the result is correlated to the training and 
level of expertise of all members of the team. Assessment of the patients “operabil-
ity” is also of main importance. Age, comorbidity, nutritional status, ASA (American 
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Society of Anesthesiology) score, etc., will require the intervention of specialists 
(onco-geriatrician, cardiologists, metabolism disorder specialist, anesthesiologists, 
etc.). Here again, the level of expertise of all of them and their coordination is cru-
cial. Intraoperative management of the patient requires anesthesiologists trained for 
long surgery, diaphragm opening, bowel resection, bleeding, fl uid loss, etc. Stay in 
intensive care unit for the initial postoperative period and experience of trained 
nurses in the surgical department are also important. A quick and reliable pathologi-
cal diagnosis and a quick initiation of chemotherapy will fi nalize the primary man-
agement of the patient. 

 Globally, the correct management of ovarian cancer patients requires a trained 
team, with a comprehensive “patient pathway” rather than only an experienced 
surgeon. 

 In terms of surgery, many people have focused on extirpation of larges masses or 
bowel resection. However, the way the surgeon performs (and describes in the oper-
ative report) the initial exploration with assessment of the disease burden is repre-
sentative of his level of expertise: how to claim a “complete macroscopic resection” 
if a full and comprehensive exploration has not been performed, including liver 
mobilization, section of adhesions in patients with prior history of surgery, etc.? The 
operative record is a surrogate indicator of the surgical quality. Lack of a full 
description of the initial carcinomatosis with at best a score of peritoneal extension, 
and even more the specifi cation of the amount of residual disease with if possible a 
validated score, generally indicates a less thorough operation. 

 A literature review shows that surgeon qualifi cation, surgeon volume, hospital 
qualifi cation, and volume have an impact with respect to standards of care, surgical 
output, appropriate use of chemotherapy, and even survival [ 13 ]. Participation in 
clinical trials could also be discriminant [ 14 ]. 

 The results of Bristow et al.’s meta-analysis can also be interpreted according to 
the volume of the surgeon/hospital [ 6 ]. Nonspecialized centers generally have the 
lowest rate of maximal cytoreductive surgery, whereas specialized hospitals provide 
rates up to75%. The impact on survival of these differences in expertise offers a 
strong argument for centralization of ovarian cancer patient management.  

    Results of Neoadjuvant Chemotherapy and Interval Surgery 

 Neoadjuvant chemotherapy associated with interval surgery has been proposed as 
an alternative to primary surgery. The aims were to increase the rate of complete/
optimal resection, to decrease intraoperative morbidity, to improve quality of life, 
and fi nally to improve PFS and OS [ 4 ]. 

 Four main randomized controlled trials have been published on this topic. 
 The fi rst EORTC trial reported by van der Burg et al. included patients having 

residual disease measuring 1 cm or more after biopsy or primary surgery [ 15 ]. 
Patients with a clinical response or stable disease after neoadjuvant chemotherapy 
were randomized between interval surgery (after three cycles of chemotherapy) or no 
surgery. A “second-look” surgery was performed in patients with complete clinical 
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response at the end of the treatment. Interval surgery signifi cantly increased the rate 
of clinical response and complete clinical response, but the rate of pathological 
response was similar in patients having second-look surgery. PFS (+5 months) and 
OS (+6 months) were signifi cantly improved by interval surgery, but patients with 
nonoptimal surgery (residuals >1 cm) have a similar PFS than patients without sur-
gery. In the multivariate analysis, surgery was the most important prognostic factor. 

 The GOG trial reported by Rose et al. had the same design but showed no signifi -
cant improvement in PFS and OS [ 16 ]. The main difference between the two trials 
was the primary surgery, done in 95 % of cases by gynecologic oncologists with the 
intent of maximal cytoreduction in the American trial and mainly by nonspecialists 
in the European study. These two studies indicate that “interval” surgery can be 
considered if a surgical effort had not been made initially and if residual disease is 
supposed to be small or absent after interval surgery. 

 Two subsequent trials compared primary debulking and interval surgery. The 
EORTC trial published by Vergote et al. as well as the CHORUS trial reported by 
Kehoe et al. included patients with stage III/IV disease [ 17 ,  18 ]. Their design was 
similar and the results too. The main result was a similar PFS and OS after primary 
debulking or interval surgery, interpreted as “interval debulking was not inferior to 
primary debulking.” The second result was a signifi cant decrease in morbidity. The 
third result was that complete resection was confi rmed to be the most signifi cant 
prognostic factor. However, numerous criticisms have been addressed to these stud-
ies. Survival was lower than expected; surgical output was questionable since a 
complete resection was obtained in a minority of patients after primary surgery. 
Interestingly, the correlation between survival and residual disease was similar to 
that described by Bristow R. The second intriguing result was that complete/optimal 
resection was signifi cantly more common after interval surgery, but this did not 
translate into improvement of survival. Size of the disease was also a concern, since 
size of the largest metastasis was 10 cm or more in 40 % of patients of the EORTC 
trial, indicating that the worse patients had been included in these studies. 

 However, despite “surgical” limitations, these trials showed that survival was 
similar after neoadjuvant chemotherapy and primary surgery, but obviously was not 
improved; that morbidity of surgery was decreased with interval surgery; and that 
the increase in resection rate obtained by neoadjuvant chemotherapy did not trans-
late into improved survival. 

 In the future, the use of anti-angiogenic agents in the neoadjuvant setting could 
be an option to improve neoadjuvant chemotherapy effi ciency and change our vision 
of this option.  

    Tumor Extent, Surgery, and Prognosis 

 The relation between the initial extension of the carcinomatosis, the surgical output, 
and survival is now the most interesting question. In other words, is the observed 
survival after complete resection the result of the limited extension of the carcino-
matosis or the result of the surgical aggressiveness? 
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 Aletti et al. reported a series of IIIc patients (FIGO 2008) with carcinomatosis 
[ 19 ]. He compared survival between patients having “optimal cytoreduction” (less 
than 1 cm) according to the aggressiveness of surgery. He observed that residual 
disease was the strongest prognostic factor. However, the use of radical surgery 
increased the rate of “optimal cytoreduction” as well as 5-year OS. Radical surgery, 
residual disease, age, ASA score, and operative time were signifi cant variables in 
the univariate analysis. In the multivariate model, residual disease and radical sur-
gery were independent prognostic factors. However, the performance status could 
be one explanation since there was a signifi cant correlation between the ASA score 
and the rate of radical surgery. Other authors observed similar results [ 20 ,  21 ]. 

 Conversely, Hamilton et al. reported that patients with upper abdominal disease 
had a worse prognosis, even with a complete resection when compared to patients 
with carcinomatosis limited to the pelvis [ 22 ]. More recently, Horowitz et al. 
reported recently on the correlation between initial extent of the carcinomatosis, 
aggressiveness of surgery, and survival [ 23 ]. Complete resection was once more 
associated to longer survival, whatever the initial disease burden. But among 
patients without residual disease, prognosis signifi cantly varied with the initial 
extent of the disease. In patient with disease high score, the use of complex surgery 
increased the rate of complete resection and provided similar survival to that of 
patients with disease high score and without residual obtained by less aggressive 
surgery. In terms of survival, there was a benefi t of 3 months for PFS and 6 months 
for OS, in patients with initial disease high score and without residuals after com-
plex surgery when compared to patients with macroscopic residuals after the same 
kind of procedures. However, complexity score of surgery was not an independent 
prognostic factor in the multivariate analysis. The interpretation of these results 
should be cautious since the defi nition of the disease score is questionable in this 
paper (high score represents a large and heterogeneous population; low score repre-
sents previous nodal IIIc patients with the best prognosis of “advanced” disease), 
and only 12 % of patients with high disease score underwent complete resection. 

 In summary, there are many arguments to think that the use of radical surgery for 
patients with carcinomatosis in which optimal or complete resection can be obtained 
will have a positive impact on survival. However, the extent of this benefi t could be 
moderate and should be compared to morbidity and mortality of such operations.  

    Primary Debulking or Neoadjuvant Chemotherapy? 

 This issue has been raised as a systematic strategy for the management of advanced 
carcinomatosis of adnexal or peritoneal origin. However, a majority of physicians 
now consider that this alternative could constitute a personalized approach taking 
into account the disease characteristics and the patient history. 

 Detailed analysis of the EORTC trial provides some leads for future guidelines. 
In this study, subgroup analyses have been performed according to the extent of the 
initial disease (published as appendix). Tables clearly show a direct relation between 
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the initial extent of the disease, expressed as 1988 FIGO stage or largest metastatic 
tumor and overall survival [ 17 ]. The same material has been subsequently used for 
an exploratory analysis, aiming to identify biomarkers [ 24 ]. The Kaplan-Meier esti-
mates for a 5-year survival for each biomarker were computed according to primary 
surgery or neoadjuvant chemotherapy. Five-year survival was similar with both 
strategies according to age, WHO performance status, tumor grade, tumor histol-
ogy, pleural effusion, CA125 at baseline, presence of a pelvic mass, or an omental 
cake. On the other hand, largest metastatic tumor size and clinical stage were sig-
nifi cant predictors of survival according to treatment group. Combining these two 
biomarkers provides four groups of patients. Primary surgery provided longer sur-
vival in patients with stage IIIc and largest metastasis <45 mm (20 % of patients), 
whereas neoadjuvant chemotherapy provided better results in patients with stage IV 
disease and large metastatic deposits (16 % of patients) [ 24 ]. For intermediate 
patients (stage IIIc and large metastasis or stage IV with small metastasis) (64 % of 
patients), both strategies were similar in terms of 5-year survival. One of the limita-
tions was the absence of information on patients with poor performance status since 
they could not be included in this trial (Tables  3.1  and  3.2 ).

    A consensus exists to recommend primary surgery in patients with good perfor-
mance status and limited disease (stage IIIa, IIIIb, and IIIc with largest metastasis 
<50 mm of the 1988 FIGO classifi cation) [ 25 ]. This population accounts for 37 % 
of the overall population. 

 On the other hand, a minority of patients require a neoadjuvant chemotherapy 
due to poor general status and/or stage IV disease or large abdominal metastases. 

   Table 3.1    Neoadjuvant trials. Impact of surgeon qualifi cation on results   

 Study   n  

 % 
optimal 
primary 
surgery 

 % 
optimal 
interval 
surgery  PFS primary  PFS interval  OS primary  OS interval 

 EORTC 
[ 15 ] 

 319  0  45 %  13 months  18 months  20 months  26 months 

 GOG 
[ 16 ] 

 550  0  ?  10.7 months  10.5 months  35.7 months  36.2 months 

   Table 3.2    Neoadjuvant trials. Results in patients with advanced disease   

 Study   n  

 % 
optimal 
primary 
surgery 

 % 
optimal 
interval 
surgery 

 PFS primary 
surgery 

 PFS 
interval 
surgery 

 OS primary 
surgery 

 OS interval 
surgery 

 EORTC 
[ 17 ] 

 670  41.6 %  80.2 %  12 months  12 months  29 months  30 months 

 Chorus 
[ 18 ] 

 552  41 %  73 %  10.7 months  12 months  22.6 months  24.1 months 
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 The “grey zone” is now the most challenging population. Patients with good 
performance status and stage III disease associated with metastases ≥50 mm can be 
managed by primary surgery (with a real risk of incomplete resection and morbid-
ity) or neoadjuvant chemotherapy and interval surgery. This accounts for 8–25 % of 
patients. The attitude greatly varies between centers and is mostly a question of 
philosophy rather than the result of scientifi c data. The TRUST trial which will 
compare OS after primary vs. interval debulking surgery in trained centers will 
address this issue [ 26 ]. Overall, the rate of neoadjuvant chemotherapy should not be 
superior to 30 % of patients. 

 A different way of thinking has to be used for histology types other than high- 
grade serous ovarian cancer, especially in types where a low response to chemo-
therapy is expected. The prevailing strategy may be primary surgery, even in case of 
expected residual disease. 

 Selection of patients is today mostly performed using imaging, laparoscopy (see 
specifi c chapter), and surgeon’s opinion. However, in the near future, molecular 
data could be used to help in the decision-making process [ 27 ]. It appears logical to 
propose surgery when the expected rate of complete resection is high and to have an 
adapted approach in patients with predictable chemoresistance. Today, BRCA 
mutation and homologous recombination defi ciency signature, as well as tumor 
infi ltrating lymphocytes CD8+ expression, should be helpful to predict chemother-
apy response and will be more and more taken into account for primary or interval 
surgery decision. Complex molecular signatures associated to survival have also 
been published, with better accuracy than classical prognostic factors, to select 
high- and low-risk patients [ 27 ]. The same train of thought has been applied to 
select patients with the goal of “optimal surgery.” Interestingly, hyperactivation of 
the TGF-β/Smad pathway and of the RTK/Ras/MAPK/Egr-1 (+ AMPK/Egr-1, 
Hedgehog/Gli) pathway are associated with tumor dissemination, migration, inva-
sion, angiogenesis, metastatic colonization, and activation of tumor-associated 
fi broblasts [ 27 ]. 

   Conclusion 

 Several randomized trials have allowed to accumulate data on the surgical man-
agement of advanced epithelial ovarian. Complete resection of the peritoneal 
disease should be the goal of primary or interval debulking surgery. The choice 
between these two strategies should be done by trained and structured teams. 
Patients with good general status and low to intermediate extent of disease should 
be proposed for primary surgery. Patients with poor general status or very exten-
sive disease should be candidates to neoadjuvant chemotherapy. For other 
patients, the choice between these two options is today mainly a question of 
opinion. Tomorrow, the TRUST trial will hopefully help to answer this question. 
We should keep in mind the survival benefi t obtained by management of patients 
by experienced teams and the respect of guidelines. 

 Personalized approach taking into account molecular characteristics of the 
tumor will probably help the decision in the future.      
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  4      How to Evaluate Tumor Burden Before 
Therapeutic Decision                     
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and     Giovanni     Scambia     

  Abstract 
   Absent residual tumor after primary debulking surgery is one of the main 
 prognostic factors in advanced ovarian cancer. However, complete resection is 
very diffi cult to obtain, due to the wide spread diffusion of the disease both 
within the abdominal cavity on peritoneal surfaces, and to the liver/spleen, or far 
to the lung, brain and lymphnodes. Predicting successful surgical outcome 
depends on many variables including patients’ characteristics, serum markers, 
and disease extension. Here we describe more advanced techniques to assess 
 pre-operative tumor burden, ongoing clinical trials and integrated clinical models 
to  individualize therapeutic decision.   

     Introduction 

 Ovarian cancer mainly spreads within the peritoneum, due to anatomical and bio-
logical reasons. The low thickness of tubal epithelium favors the detachment of 
high-grade serous cancer cells arising from the fallopian tube into the pouch of 
Douglas [ 1 ]. The same mechanism is described for tumors primarily originating 
from the surface of the ovary, such as endometrioid and clear cell cancer. 

 The peristaltic movements from the gastrointestinal tract and the negative 
pressure exerted by the diaphragm favor a clockwise circulation of the fl uids 
and isolated cancer cells within the abdomen. In case specifi c molecular changes 
occur, cancer cells can adhere, infi ltrate, and metastasize according to a charac-
teristic pattern of peritoneal carcinosis. Therefore, each intraperitoneal meso-
thelial covered surface is at risk of metastasis and needs to be evaluated 
preoperatively. 
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 Pleural effusion occurs in 70 % of Advanced Epithelial Ovarian Cancer (AEOC) 
patients and origins from cancer cell translymphatic circulation through subperito-
neal lymphatic spaces [ 2 ]. Other mechanisms of metastasis are rare in ovarian 
cancer, but still possible: hematogenous way to the liver, spleen, lung, and brain 
and lymphatic route to aortic, thoracic, and paracardiac nodes [ 3 ]. Their presence 
can critically change the therapeutic strategy. 

 The ideal preoperative staging technique of AEOC should be an “all in one” tech-
nique, able to detect any size of intraperitoneal disease at any location, as well as to assess 
lymphonodal status and distant parenchymatous metastases. However, specifi c informa-
tion seems crucial for the clinical management, such as the involvement of precise ana-
tomical sites or specifi c patterns of disease that make a complete cytoreduction impossible 
to achieve. A hypothetical reliable method should provide these kinds of data.  

    Clinical Evaluation 

 Advanced ovarian cancer clinical presentation is vague and varies widely, including 
bloating, diffuse abdominal pain, fatigue, nausea/vomiting, and dyspnea. Clinical 
examination is able to assess the presence of a solid pelvic/abdominal mass with 
possible rectal involvement and ascites. However, the typical spread of ovarian can-
cer into the abdominal cavity makes the usefulness of the clinical evaluation in 
predicting disease diffusion and chances of cytoreduction very restricted. 
Nevertheless, the role of clinical evaluation in AEOC patients is crucial to achieve 
a correct therapeutic decision, besides imaging or intraoperative results on tumor 
burden. In fact, complete cytoreduction often requires extensive surgical proce-
dures, and it is inevitably associated with high rates of postoperative morbidity and 
mortality. Assessment of tumor burden should be always related to the patient’s 
clinical features in order to have an adequate balance between risk and benefi ts of 
debulking surgery, thus achieving the best therapeutic decision. 

  Age and nutritional status  are simple data to evaluate. No study demonstrates they 
are clearly related to tumor burden, but with increased postoperative  morbidity and 
mortality in surgical patients. More recently, decreased  serum albumin levels  <3.5 g/
dl have been strongly correlated with postoperative morbidity and mortality [ 4 ,  5 ]. 

 The  Eastern Cooperative Oncology Group (ECOG)  score [ 6 ], also called the 
WHO score, and American Society of Anesthesiologists physical status classifi ca-
tion system score (ASA) are simple and commonly used in clinical practice. Aletti 
et al. demonstrated that an  ASA score  ≥3 is an independent prognostic factor infl u-
encing 30-day morbidity and it is the only preoperative variable correlating with 
patient’s ability to receive planned chemotherapy [ 4 ]. Barlin et al. [ 5 ] included ASA 
score in their nomogram as a predictor of mortality after primary surgery.  

    Serum Markers 

 CA-125 is a membrane-associated glycoprotein expressed by ovarian surface 
 epithelium. Elevated CA-125 serum levels can be found in benign and  infl ammatory 
conditions of the female reproductive system and in the abdominal area 
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(i.e.,  endometriosis), as well in ovarian cancer. This justifi es the limited specifi city of 
CA-125 testing. Moreover, not every patient with ovarian cancer will have elevated 
levels of CA-125 in the blood. Rosen DG et al. detected a rate of 79 % of all ovarian 
cancers positive for CA-125, whereas remainders did not express this antigen at all [ 7 ]. 
Different CA-125 serum levels have been related to the histological types, with the 
highest in serous and lowest in mucinous epithelial cancers; clear cell and endometri-
oid ovarian cancer often have lower CA-125 values too. 

 In the 2000s, high preoperative CA-125 values were associated with poor 
chance of optimal cytoreduction at primary surgery [ 8 ,  9 ]. However, in the last 
two decades, surgical approach has changed, including procedures able to achieve 
higher rates of optimal cytoreduction. Consequently, a more recent study has 
demonstrated that preoperative CA-125 levels >500 U/mL lack the ability to pre-
dict optimal cytoreduction, accurately [ 9 ]. In a subsequent meta-analysis, Kang 
et al. [ 10 ] analyzed 14 studies with 2192 patients to assess the performance of 
CA-125 at various cutoff levels as a predictor of the outcome of cytoreductive 
surgery. Preoperative serum CA-125 level had a low positive and a high negative 
likelihood ratio in predicting cytoreductive outcome in advanced ovarian 
 carcinoma. In other words, a preoperative serum CA-125 level >500 U/mL was 
strongly associated with suboptimal cytoreduction (odds ratio, 3.69; 95 % CI, 
2.02–6.73) [ 11 ,  12 ]. 

 Although a novel biomarker, called HE4, has been shown to be a better predictor 
of complete cytoreduction than CA-125 in naïve patients, CA-125 remains the prin-
cipal marker used in clinical practice so far [ 13 ]. 

 During the last years, some predictive models of optimal cytoreduction based on 
radiological and clinical criteria, including CA-125 ≥500 U/mL [ 14 ,  15 ], have been 
created with a high accuracy rate. Suidan et al. [ 14 ] published a prospective, non-
randomized, multicenter trial of preoperative CT of the abdomen and pelvis in com-
bination with serum CA-125 level to predict suboptimal primary cytoreduction 
(≥1 cm residual disease) in 350 patients with stage III–IV disease. The results 
showed that the following criteria were associated with suboptimal cytoreduction: 
age ≥60 years, CA-125 level ≥500 U/mL, American Society of Anesthesiologists 
physical status 3 or 4, retroperitoneal lymph nodes above the renal hilum (including 
supradiaphragmatic) >1 cm, diffuse small bowel adhesions/thickening, perisplenic 
lesion >1 cm, small bowel mesentery lesion >1 cm, lesion in the root of the superior 
mesenteric artery >1 cm, and lesser sac lesion >1 cm. Based on these fi ndings, the 
authors developed a predictive model in which the rate of suboptimal cytoreduction 
was directly proportional to a predictive value score. 

 However, in the last few years, patients’ characterization has improved thanks to 
molecular biology. It has been hypothesized that surgical outcomes, i.e., residual 
disease at primary surgery, may be predictable based on biomarkers assessment 
from tumor tissue, besides the large variability between disease presentation and 
surgeon experience. Recently, a group of researchers from the MD Anderson Cancer 
Center has shown that high FABP4 and ADH1B expression is associated with sig-
nifi cantly higher risk of residual disease in high-grade serous ovarian cancer. 
Therefore, women with high tumoral levels of these genes may be candidates for 
neoadjuvant chemotherapy [ 16 ]. Unfortunately, serous and biological markers do 
not have an independent role in evaluation of tumor burden to date.  

4 How to Evaluate Tumor Burden Before Therapeutic Decision



46

    Imaging Techniques 

 Several imaging techniques are available to provide an assessment of tumor burden 
in order to plan the correct therapeutic strategy and complex surgery in AEOC 
women (Table  4.1 ).

   Table 4.1    Ongoing clinical trials on imaging techniques in advanced ovarian cancer   

 NCT#  Name  Type – site  Objective 

  MRI  

 NCT02243059  MILO  Maastricht University 
Medical Center 

 Magnetic resonance imaging 
for lymph node staging in 
ovarian cancer 

 NCT02334371  Maastricht University 
Medical Center 

 MR-PET for staging and 
assessment of operability in 
ovarian cancer: a feasibility 
study 

 NCT01657747  S53580  Universitaire 
Ziekenhuizen Leuven 

 Whole-body diffusion 
MRI for staging, response 
prediction, and detecting 
tumor recurrence in 
patients with ovarian 
cancer 

 NCT01505829  DISCOVAR  Institute of Cancer 
Research, United 
Kingdom 

 Diffusion-weighted imaging 
study in cancer of the ovary 

  CT scan  

 NCT00587093  Multicentric (MSKCC, 
John Hopkins 
University, MD 
Anderson CC) 

 A multicenter trial on the 
utility and impact of 
computed tomography and 
serum CA-125 in the 
management of newly 
diagnosed ovarian cancer 

  FDG-PET/CT scan  

 NCT02258165  IMAGE  Queensland Centre for 
Gynaecological Cancer 

 Impact of gated PET/CT in 
the diagnosis of advanced 
ovarian cancer 

  Laparoscopy  

 NCT01461850  SCORPION  Monocentric, 
 Catholic University of 
the Sacred Heart 

 Surgical complications 
related to primary or interval 
debulking in ovarian 
neoplasm 

 NTR 2644  LapOvCa-trial  Multicentric, Gyn Onc, 
Netherlands 

 Laparoscopy to predict 
the result of primary 
cytoreductive surgery in 
advanced ovarian cancer 
patients: a multicenter 
randomized controlled 
study 
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       Ultrasonography 

 Transvaginal ultrasonography is a well-established imaging modality for the assess-
ment of pelvic masses, and usually it is the fi rst-line imaging technique for detecting 
and characterizing adnexal masses. Most experienced ultrasound examiners have 
shown to be able to reliably discriminate between benign and malignant extrauter-
ine pelvic masses, based on gray scale and color Doppler ultrasound fi ndings [ 17 ]. 
Recently, some researchers have evaluated the abdominal disease extension by TV/
TA US with promising results. Presence of ascites is often associated with perito-
neal carcinosis [ 18 ]. Peritoneal involvement can be diagnosed by the presence of 
solid, hypoechogen nodules, which grow on the peritoneal surfaces or by bands of 
thickened tissue that catch intestinal loops and may cause a retraction toward mes-
enteric root. The peritoneal involvement includes the gastrohepatic, hepatoduode-
nal, gastrosplenic, and splenocolic ligaments; supra- and infracolic omentum; 
parietal peritoneum on the diaphragm, paracolic gutters, and anterior abdominal 
wall; and visceral and mesenterial peritoneum. Lymph nodes are also visible: the 
peripheral (inguinal or supraclavicular and axillary lymph nodes), retroperitoneal 
(also called parietal lymph nodes), and visceral abdominal lymph nodes (around the 
celiac trunk up to the splenic and hepatic hilum and around the superior and inferior 
mesenteric artery). 

 Testa et al. [ 19 ] demonstrated that ultrasound examination is highly accurate in 
detecting metastatic omental involvement in cases with suspicious pelvic masses, 
with NPV, PPV, and accuracy rates of 91.9 %, 94.6 %, and 93.8 %, respectively. 
Among 173 patients enrolled, sonographic detection of metastatic omentum was 
achieved in 104 (60.1 %), appearing as either solid aperistaltic tissue (80.8 % of 
cases) or as solid discrete nodules (19.2 %). 

 Ultrasound may also allow the targeted biopsy of advanced tumors or metastatic 
lesions, obtaining fast histological diagnosis, as shown by Zikan et al. [ 20 ] in 190 
patients, with a complication rate of 1.0 %. 

 Therefore, a new interesting role is arising for completely transabdominal and 
pelvic US, in the hands of experienced examiners [ 21 ]. It consists of describing 
intraperitoneal, retroperitoneal, and parenchymal diffusion of advanced ovarian 
cancer and to assess the chances of optimal cytoreduction. With this purpose, a 
multicentric international prospective study within the IOTA group is going to be 
started, to compare ultrasound and CT scan evaluation in terms of prediction of 
residual disease in naïve advanced epithelial ovarian cancer patients. 

    Magnetic Resonance Imaging (MRI) 

 MRI may be used to defi ne the origin and tissue characteristics of an adnexal mass. 
It may discriminate between benign and malignant pelvic tumors [ 22 ]. Generally, 
after gadolinium administration, ovarian cancer enhances earlier, more rapidly, and 
more avidly than benign lesions. Moreover, delayed images help in abdominal stag-
ing of ovarian cancer, increasing the detection of small peritoneal implants and 
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omental infi ltration, reaching an accuracy rate of 100 % in the correct malignant 
lesions characterization and of 75 % in staging [ 23 ]. 

 Nowadays, a growing attention has been paid to the addition of diffusion- 
weighted imaging (DWI) supplemented with dynamic contrast-enhanced MR 
(DCE-MR) to morphologic imaging that improves tumor characterization, as well 
as peritoneal and lymph node staging [ 24 – 27 ]. DWI is based on the detection of 
higher cellular density and reduced extracellular space in malignant tumors than 
benign lesions. Therefore, the characterization of tissues by means of DCE-MR and 
DWI enables a move from morphologic assessment to characterization of tumor 
vascularity and cellularity [ 28 ]. 

 Standard MRI sensitivity is considerably lower than DWI in the detection of 
abdominal implants, especially for those smaller than 1 cm and in anatomic areas 
where small tumor implants are adjacent to tissues with similar signal intensity, 
such as the right subdiaphragmatic space, omentum, root of the mesentery, and 
visceral peritoneum of the small bowel and bladder [ 29 ]. The combination of func-
tional information with conventional anatomical visualization (DCE-MR) holds 
promise to characterize peritoneal disease accurately [ 30 ] showing a high per-lesion 
sensitivity (95 %) and specifi city (80 %) in the description of peritoneal dissemina-
tion [ 29 ]. Recent studies have shown a better accuracy (91 %) for the abdominal 
staging in patients with ovarian cancer when DWI is performed, and the addition of 
DWI to conventional MRI increases the number of detected peritoneal lesions by 
21–29 % [ 24 ,  25 ]. 

 The DWI technique also provides more information about lymph node character-
ization. MRI lymphonodal status evaluation, based on simple dimensional parame-
ter, has a sensitivity of 64.3 % and specifi city of 75 % [ 29 ], while the addiction of 
DWI increases sensitivity up to 77 % and specifi city to 91 % [ 24 ]. 

 For this reason, the addition of DWI to an MRI protocol could help to 
reduce inter-center difference in ovarian cancer staging, leading to a good interob-
server agreement for primary tumor characterization, and peritoneal and distant 
staging [ 24 ].   

    Computerized Tomography 

 CT has a limited role in the primary detection and characterization of ovarian can-
cer, since the low soft tissue contrast of the CT may affect its reliability to discrimi-
nate the benignity or malignancy of an ovarian lesion [ 31 ,  32 ]. Furthermore, the CT 
appearance of ovarian metastases is indistinguishable from a primary ovarian 
neoplasm. 

 On the other hand, CT is the fi rst-choice technique to study advanced ovarian 
carcinoma, being rapid, highly accurate, and widely available. Moreover, the lower 
incidence of breathing artifacts and image distortion than MRI allows the assess-
ment of cardiophrenic lymph nodes and pleural effusion. For these characteristics, 
CT after IV administration of a low-osmolarity contrast medium and eventually oral 
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contrast medium to detect tumor deposits along the small and large bowel serosa 
[ 33 ] is currently the standard preoperative imaging staging in women with advanced 
ovarian cancer [ 34 ,  35 ]. 

 Overall staging accuracy rate for CT has been reported between 70 and 90 %, but 
a high PPV for imaging bulky disease makes it useful to identify patients with inop-
erable disease [ 36 ]. Standard CT, however, frequently fails to identify small sites of 
peritoneal spread [ 30 ]. Radiology sensitivity for metastases of 1 cm or smaller (25–
50 %) is signifi cantly lower than overall sensitivity (85–93 %) [ 37 ], and it decreases 
up to 14 % in absence of ascites. 

 Computed tomography, with its low specifi city, also lacks accuracy for charac-
terizing lymph nodes when their assessment is based on the short-axis-diameter 
measure [ 34 ]. The addition of morphological criteria may reach a specifi city of 
100 % but decreases sensitivity to 37.5 % [ 38 ]. Good results are obtained by CT 
scan in the assessment of the liver or omental involvement and mesenteric disease 
(sensitivity from 95 % to 100 % and from 80 % to 86 %, respectively) [ 39 ]. 

 During the last decade, many studies have tried to investigate the ability of CT 
scan to predict surgical outcome in patients with naïve AEOC, in order to suggest 
patient’s suitability for cytoreductive surgery or neoadjuvant chemotherapy. Nelson 
et al. [ 40 ] scored CT scans on the basis of some radiologic criteria, as cytoreducible 
(no disease remaining in criteria site) or not cytoreducible (at least one site of dis-
ease remaining) by standard surgical techniques. The CT fi ndings accurately pre-
dicted surgical outcome (optimal RT <2 cm) with a sensitivity of 92.3 % and a 
specifi city of 79.3 %. In 2000, Bristow et al. [ 41 ] proposed another CT-based pre-
dictive model based on retrospective analysis of 41 patients by two radiologists 
without knowledge of the operative fi ndings. Thirteen radiographic features were 
included and a predictive index score was elaborated. PI score ≥4 had the highest 
overall accuracy (92.7 %) and identifi ed patients undergoing suboptimal cytoreduc-
tion (RT <1 cm) with a sensitivity of 100 %. Nevertheless, a retrospective analysis 
on 180 patients with advanced disease meeting criteria for non-resectability showed 
that optimal cytoreduction was still achieved in 92.2 % of cases and complete cyto-
reduction in 22.2 % [ 42 ]. 

 Dowdy et al. [ 43 ] published results of a retrospective analysis in which 87 
preoperative CT scans were reviewed for 17 criteria indicating disease extent by 
two radiologists without knowledge of operative outcome. The authors found 
that a model based on diffuse peritoneal thickening and ascites had 68 % PPV 
and 52 % sensitivity and was associated with a low rate of optimal cytoreduction 
(RT <1 cm) (32 %). 

 Since then, many efforts have been made in order to fi nd a correlation between 
preoperative fi ndings and fi nal surgical outcome in these patients. The combination 
of clinical (either CA-125 serum levels or ECOG PS) and radiological features is 
able to offer the best performances in terms of prediction of residual disease after 
PDS, as shown in some retrospective series from MSKCC and MD Anderson CC, 
Mayo Clinic, and Catholic University of Sacred Heart [ 14 ,  44 ,  45 ]. Unfortunately, 
these tests need to be validated in an external center.  
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    FDG-PET/CT 

 PET integrated with CT (PET/CT) is now a well-established noninvasive imaging 
tool in oncology, and many studies have already shown its usefulness for diagnosis 
and staging of a recurrent ovarian cancer. However, the role of FDG-PET/CT for the 
initial evaluation of women with ovarian cancer is limited, especially in women 
with early stage disease as well as for characterizing adnexal masses [ 46 ]. 

 Regarding the assessment of tumor spread in AEOC, PET/CT scan has shown a 
high false-negative rate for lesions less than 5 mm, such as carcinomatosis, in the 
presence of diffuse miliary visceral implants mimicking physiological bowel activ-
ity and in women with cystic or necrotic lesions or lesions with copious mucinous 
collections as in mucinous tumors [ 30 ,  47 ]. Recent studies have shown that PET/CT 
is better than CT in detecting retroperitoneal lymph node metastases, but not perito-
neal metastases [ 48 ]. Hynninen et al. [ 49 ] prospectively studied 41 women with 
ovarian cancer who underwent preoperative fl uorodeoxyglucose (FDG) PET/CT 
followed by diagnostic high-dose contrast-enhanced CT. The sensitivity of PET/CT 
and CT in the detection of unresectable disease was poor in certain areas of the 
peritoneal cavity (64 % for PET/CT and 27 % for CT in the small bowel mesentery; 
65 % for PET/CT and 55 % for CT in the right upper abdomen). In the overall site- 
based analysis, the sensitivity for PET/CT and CT was 51 % and 41 %, respectively, 
whereas the specifi city was 89 % and 92 % and the accuracy was 64 % and 57 %, 
respectively. Preoperative contrast-enhanced CT suggested extra-abdominal disease 
spread in 61 % patients and PET/CT in 78 % patients. 

 Fruscio et al. [ 50 ] also evaluated patients with suspected advanced ovarian can-
cer with preoperative 18-FDG-PET/CT. The patients were divided into three groups 
on the basis of clinical and PET/CT fi ndings: group A, stage III by both clinical and 
PET fi ndings; group B, stage III by clinical fi ndings and stage IV by PET/CT; and 
group C, stage IV by both clinical and PET/CT fi ndings. Twenty-fi ve patients had 
their disease upstaged to stage IV by PET/CT. The proportion of patients with resid-
ual tumor <1 cm was similar in groups B and C and was signifi cantly higher in 
groups B and C than in group A. Similarly, complete response to adjuvant chemo-
therapy was achieved more frequently in patients in group A. 

 In a consecutive series of 343 AEOC, a group of researchers from Korea have 
developed a nomogram to predict incomplete cytoreduction, including surgical 
aggressiveness index, positron emission tomography (tumoral uptake 
ratio = highest SUV max in the upper abdomen/lower abdomen), and computed 
tomography features (diaphragm, ascites, peritoneal carcinosis, small bowel 
mesentery). This nomogram had a concordance index of 0.881 (95 % CI = 0.838–
0.923), which was confi rmed in the validation cohort (concordance index = 0.881; 
95 % CI = 0.790–0.932) [ 51 ]. In an attempt to compare three different modalities 
(multidetector CT or MDCT, MRI, PET/CT) to assess peritoneal carcinosis in 
AEOC patients, MRI showed the highest sensitivity and FDG-PET/CT had the 
highest specifi city, but no signifi cant differences were found between the three 
techniques. Thus, MDCT, as the fastest, most economical, and most widely 
available modality, may be considered the examination of choice, if a 
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stand-alone technique is required. If inconclusive, PET/CT or MRI may offer 
additional insights. Whole-body FDG- PET/CT may be more accurate for supra-
diaphragmatic metastatic extension [ 52 ]. 

    Surgical Scoring System 

 The possibility to achieve optimal/complete cytoreduction (RT = 0/<1 cm) is related 
to the extent of disease before surgery [ 53 ]. Unfortunately, there is no perfect tool to 
preoperatively determine whether patients can be optimally debulked or should be 
proposed for neoadjuvant chemotherapy. To quantify with more precision the intra- 
abdominal extent of the disease, a number of numerical ranking systems based on 
the intraoperative tumor assessment have been proposed. The fi rst was PCI (perito-
neal cancer index) [ 54 ] used to describe peritoneal spread in different malignant 
tumors. Subsequently, other scores have been proposed by Eisenkop et al. [ 55 ], 
Aletti et al. [ 4 ], and Fagotti et al. [ 56 ]. 

 Tentes et al. [ 57 ] evaluated the role of PCI in ovarian cancer, combining the dis-
tribution of the tumor throughout 13 abdominopelvic regions with a lesion size 
score. Mean survival and 5-year survival rates for patients with a PCI <10 were 
80 ± 12 months and 65 %, respectively, while mean survival and 5-year survival 
rates for patients with a PCI >10 were 38 ± 7 months and 29 %, respectively. 
Similarly, Eisenkop ranking system refl ects the continuum of progressively exten-
sive tumor involvement by ovarian cancer for fi ve anatomic regions [ 55 ]. 

 Aletti et al. [ 4 ] provided a validated system to track surgical outcomes in gyne-
cologic cancer in order to improve overall patient care. Analyzing 564 patients with 
stage IIIC and IV epithelial ovarian cancer enrolled by three different US gyneco-
logical oncologic centers, they demonstrated that surgical complexity score, based 
upon complexity and number of surgical procedures performed, primarily infl u-
ences morbidity and postoperative outcomes in ovarian cancer patients, including 
the ability to receive chemotherapy. 

 These systems have some limits: (a) they were actually based on the classical 
laparotomic approach (all); (b) they were designed for different pathologies [ 54 ]; 
and (c) they were calculated after completing surgery for a different purpose [ 4 ]. 

 Another emerging surgical scoring system is based on the use of laparoscopy. 
Recently, different carcinomatosis scores have been compared to assess their rele-
vance to predict resectability, morbidity, and outcome in 61 patients who had surgi-
cal treatment for AEOC. The authors found that the most relevant scoring system to 
predict postoperative complications was the Aletti score, but PCI and Eisenkop 
scores were also relevant. The best predictors of chances to achieve complete resec-
tion were the Fagotti-modifi ed score and the PCI score [ 58 ]. 

 The rationale for a laparoscopic evaluation prior to cytoreductive surgery 
includes (1) intraperitoneal diffusion of disease can be easily assessed by laparos-
copy, and the surgeon may be more confi dent with a direct visualization of the 
cancer spread; (2) this approach could spare patients an unnecessary laparotomy 
resulting in suboptimal cytoreduction; (3) patients deemed not to be candidates for 
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cytoreduction could proceed immediately to neoadjuvant chemotherapy without 
having to recover from laparotomy-related complications (incisional hernia); and 
(4) laparoscopy allows collection of tissue for defi nitive diagnosis and for molecular 
analyses. 

 Vergote et al. in 1998 [ 59 ] published the fi rst study evaluating laparoscopy prior 
to cytoreduction in a retrospective analysis of 285 patients with advanced ovarian 
carcinoma. Then, two Italian studies were published in 2005 and 2006 [ 60 ,  61 ], sug-
gesting a role of laparoscopy in detecting patients with advanced ovarian cancer 
suitable for NACT versus PDS. 

 Fagotti et al. [ 60 ] reported on the ability to assess by laparoscopy simple param-
eters in 65 AEOC patients: ovarian masses (unilateral or bilateral), omental cake or 
nodules, peritoneal and diaphragmatic carcinomatosis, mesenteric retraction, bowel 
and stomach infi ltration, liver metastases, and bulky lymph nodes. Each variable 
was widely assessed by laparoscopy. The overall accuracy rate of laparoscopy in 
predicting optimal cytoreduction was 90 %. The NPV of clinical–radiological eval-
uation was 73 %, whereas the NPV of laparoscopy was 100 % (i.e., in no case when 
disease was judged incompletely resectable on the basis of laparoscopy fi ndings 
was disease judged completely resectable at laparotomy). The PPVs of clinical–
radiological evaluation and laparoscopy were both 87 %. This work was updated in 
2006, when the authors [ 56 ] proposed a simple laparoscopy-based scoring system 
(PIV) to estimate the chances of achieving optimal cytoreduction based on the pres-
ence of an omental cake, peritoneal carcinosis, diaphragmatic carcinosis, mesen-
teric retraction, bowel infi ltration, stomach infi ltration, and liver metastases. Each 
parameter was assigned 2 points, if present. A score of greater than eight predicted 
a suboptimal surgery with a specifi city of 100 %, a positive predictive value of 
100 %, and a negative predictive value of 70 %. This score was validated in an exter-
nal cohort of 55 French patients with stage III–IV ovarian cancer [ 62 ], showing that 
a simplifi ed score (excluding omental cake and peritoneal carcinomatosis) could 
also be used. This represents the fi rst study which supports the ability of an objec-
tive quantitative score based on laparoscopy more that on radiologic characteristics 
to foresee optimal cytoreduction chances for a single patient with advanced ovarian 
cancer. In 2008, Fagotti et al. [ 63 ] reported prospective data on 113 patients who 
underwent laparoscopy and had the likelihood of optimal cytoreduction evaluated 
using the PIV score [ 15 ]. The results confi rmed that at a PIV of ≥8, the probability 
of optimal cytoreduction (residual tumor ≤1 cm) at laparotomy was 0; 40.5 % of the 
patients had a PIV of ≥8 and avoided unnecessary exploratory laparotomy. In 2011, 
the same group of investigators [ 64 ] prospectively estimated the learning curve for 
determining the PIV. The authors compared the scores for each laparoscopic param-
eter assigned by fellows and senior surgeons showing that fellows in gynecologic 
oncology with at least 12 months’ experience assigned laparoscopy- based scores 
similar to those of senior surgeons. 

 A potential concern about implementing preoperative laparoscopic assess-
ment as part of standard practice is the feasibility of this approach not only at 
major academic institutions but also at other sites. To determine the reproduc-
ibility of laparoscopic assessment, Fagotti et al. performed a prospective, 
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multicenter trial (Olympia-MITO 13) [ 65 ], in which the application of the lapa-
roscopy-based PIV was evaluated in four satellite centers. A total of 120 patients 
with clinical suspicion of advanced ovarian, fallopian tube, or primary peritoneal 
cancer underwent staging laparoscopy at the satellite centers; the procedures 
were recorded and blindly reviewed at the coordinator center afterward. The 
most diffi cult feature to assess was mesenteric retraction, which was not evalu-
able in 31 of 120 cases (25.8 %). The rate of evaluation of the remaining vari-
ables ranged from 99.2 % (peritoneal carcinomatosis) to 90 % (bowel infi ltration). 
An accuracy rate of 80 % or greater was reached in three of the four satellite 
centers. These studies have validated a laparoscopy- based scoring system that 
allows surgeons to determine with great accuracy at the time of initial diagnosis 
of advanced stage ovarian cancer the likelihood that optimal cytoreduction is 
possible. These studies have also demonstrated that use of this scoring system is 
reproducible at other institutions. 

 In order to defi nitively state the role of staging laparoscopy in advanced ovarian 
cancer, a last step was needed, which was to investigate if the introduction of such 
management could negatively infl uence prognosis in these patients. To this purpose, 
a retrospective survival analysis on 300 women with FIGO stages IIIC and IV ovar-
ian, fallopian tube, or primary peritoneal carcinoma was published in 2013 [ 66 ]. 
There were no complications related to the laparoscopic procedure. The median 
PFS in women with R0 resection at primary debulking surgery was 25 months (95 % 
CI, 15.1–34.8 months), which was signifi cantly longer than the median progression- 
free survival in patients with less than R0 resection on primary debulking surgery 
and patients who underwent interval debulking surgery after chemotherapy 
( P  = 0.0001). However, other prognostic implications can be ascribed to the laparo-
scopic score of intraperitoneal diffusion of disease. Vizzielli et al. [ 67 ] demonstrated 
that tumor burden, as assessed by laparoscopic PIV, is an independent prognostic 
factor together with RT at primary surgery in 348 patients who underwent laparos-
copy before primary cytoreductive surgery or neoadjuvant chemotherapy. 

   Conclusions 

 A recent Cochrane Review evaluated the accuracy of diagnostic laparoscopy to 
determine the resectability of disease in patients suspected of having a diagnosis 
of advanced ovarian cancer [ 68 ]. Between 27 and 64 % of patients were consid-
ered to have too extensive disease to undergo laparotomy after laparoscopic 
assessment. They also found that the other 36–73 % were considered suitable for 
laparotomy and they underwent this surgery. At laparotomy, between 4 and 31 % 
were found to have residual tumor remaining after surgery, suggesting that they 
could have been spared a laparotomy. The authors concluded that although diag-
nostic laparoscopy may seem better than standard diagnostic staging alone, it 
should not be considered a standard procedure in clinical practice. The authors 
do recognize that there were several weaknesses in this review including the fact 
that they could not correct for factors leading to bias. However, most recent 
NCCN guidelines include Staging-Laparoscopy (S-LPS) as a tool to manage 
AEOC patients toward PDS or NACT with a IIB level of evidence. 
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 The Laparoscopic-Predictive Index (LPS-PI) was initially designed, and pro-
spectively validated, before the achievement of relevant improvements in the 
surgical management of AEOC. In fact, the recent introduction of upper abdomi-
nal surgery (UAS) in the surgical repertoire of gynecologic oncologists has sig-
nifi cantly increased the chance of achieving a complete PDS (RT = 0), with 
signifi cant survival benefi t. Therefore, the same authors have hypothesized that 
some updates are needed to allow a safe application of the LPS-PI in the current 
therapeutic scenario. In a retrospective analysis, they demonstrated that raising 
the bar of RT to zero does not impair the reliability of PIV. On the contrary, the 
updated LPS-PI shows improved discriminating performance, with a lower rate 
of inappropriate laparotomic explorations at the new established cutoff value of 
ten [ 69 ] ( Gyn Onc , submitted) .  

 To date, two RCTs are ongoing regarding this issue. One is from the 
Netherlands [ 70 ], with the aim to evaluate the role of laparoscopy prior to 
primary debulking surgery leaving residual tumor of <1 cm in women with 
advanced ovarian cancer. Participants are randomized between upfront sur-
gery or diagnostic laparoscopy. Depending on the result of laparoscopy, 
patients undergo surgery within 3 weeks, followed by six courses of plati-
num-based chemotherapy, or are treated with neoadjuvant chemotherapy fol-
lowed by interval debulking 3–4 weeks after three courses of chemotherapy, 
followed by another three courses of chemotherapy. Primary outcome mea-
sure is the proportion of patients with residual <1 cm. The other one is from 
Italy, the SCORPION trial (NCT01461850) [ 71 ], with the aim to compare 
surgical complications and PFS of primary surgery versus IDS. This trial 
includes patients with advanced ovarian cancer (FIGO stage IIIC) who have 
PIV scores of 8 through 12. Patients are randomized to primary debulking 
surgery followed by adjuvant chemotherapy or neoadjuvant chemotherapy 
followed by interval debulking surgery and subsequent additional chemo-
therapy. In this study, all patients undergo diagnostic laparoscopy, and a PIV 
is assigned.   

 Capitalizing on the experience of endoscopic preoperative triage assessment, 
investigators at the University of Texas, MD Anderson Cancer Center, are lever-
aging laparoscopy as a means of surgical triage, to provide organ-specifi c tumor 
sampling (primary tumor, omentum, two additional metastatic sites) and to 
investigate novel therapeutics [ 72 ]. 

 In conclusion, existing studies point to a highly valuable role for laparoscopy 
for objectively assessing the feasibility of optimal primary and interval cytore-
ductive surgery for patients with advanced stage ovarian cancer (FIGO stages III 
and IV). The Fagotti laparoscopy-based score is a useful predictor of optimal 
cytoreduction. Moreover, standardized use of the Fagotti score should be 
enforced to ensure that results are concordant across different centers, with a PIV 
of ≥8 demonstrated to have the best accuracy in identifying disease dissemina-
tion and predicting suboptimal cytoreduction. Furthermore, following comple-
tion of the ongoing clinical trials, we expect the use of this laparoscopy-based 
scoring system to become completely standard [ 73 ].       
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    Abstract 
   Systematic pelvic and para-aortic lymphadenectomy is a main part of surgical 
staging in early ovarian cancer and might be indicated in patients with advanced 
ovarian cancer. In contrast to other tumors like cervical or endometrial cancer, 
the lymphadenectomy is usually done by median laparotomy. The main reason 
is not only the appropriate removal from lymph nodes up to the renal veins, it’s 
also the possibility for complete inspection and palpation of the whole abdo-
men regarding possible peritoneal carcinomatosis, which is not possible by 
laparoscopy.  

      Technique of Lymphadenectomy 

 If pelvic and para-aortic lymphadenectomy is indicated for surgical staging or cyto-
reduction in women with ovarian cancer, a median laparotomy from the pubic bone 
up to the xiphoid has to be performed. The retroperitoneal space is opened laterally 
of the round ligament and is incised cranially on the iliopsoas muscle. The infun-
dibulopelvic ligament is identifi ed cranio-medially, and the ureter is located dor-
sally. The pelvic lymphadenectomy is started cranially at the bifurcatio aortae, and 
the ventral portion of the perivascular tissue of the common iliac artery is excised. 
The tissue is removed laterally to the genitofemoral nerve and medio-dorsal under 
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the external common iliac vein. The medially located hypogastric plexus should be 
preserved. At the bifurcation of the common iliac vessels, the common iliac portion 
of the pelvic lymphadenectomy is cut, and the removal of the tissue surrounding the 
external vessels is conducted. The caudal resection margin is the Rosenmuller node. 
The obturator fossa is opened by cutting the fascia of the psoas muscle along the 
vessel direction and the connecting tissue between the external iliac artery and the 
psoas fascia, respectively. The caudo-dorsal margin is the obturator nerve, and the 
cranial margin is the crossing of the ureter. Afterwards, removal of the internal iliac 
lymph nodes has to be performed. 

 To perform an adequate para-aortic lymphadenectomy, a complete mobiliza-
tion of the colon including mobilization of the kidneys and incision of the liga-
ment of Treitz up to the renal vein is indicated. To obtain an optimal exposure of 
the surgical area, a suffi cient retractor must be available to place the bowel on the 
thoracic wall. The infundibulopelvic ligaments will be ligated at the inferior vena 
cava on the right side and at the left renal vein. Thereafter, the ureters have to be 
mobilized completely. Four compartments are going to be dissected during sys-
tematic para-aortic lymphadenectomy: (1) paracaval, lateral and dorsal of the 
inferior vena cava; (2) inter-aortocaval, medial and dorsal of the inferior vena cava 
and medial and dorsal of the aorta abdominalis; (3) low para-aortic, lateral and 
dorsal the aorta between the common iliac artery and the inferior mesenteric 
artery; and (4) high para-aortic, lateral and dorsal of the abdominal aorta and 
between the inferior mesenteric artery and the renal vessels. The fi rst area for 
lymphadenectomy is the paracaval space. The paracaval tissue is dissected verti-
cally up to the renal vein. In the next step, the inter-aortic fraction of the lym-
phatic tissue between the cava and aorta down to the fl avum ligament is harvested. 
The para-aortic tissue is dissected vertically primary between the common iliac 
artery and the inferior mesenteric artery and in a second step between the inferior 
mesenteric artery and the renal vein.  

    Morbidity of Pelvic and Para-aortic Lymphadenectomy 

 The additional morbidity of this procedure within a complex multivisceral surgery 
including also multiple other procedures is diffi cult to defi ne. The only randomized 
trial regarding additional systematic lymphadenectomy in advanced ovarian cancer 
reported a statistically signifi cant impact on median operative time (+50 min), 
median blood loss (+350 ml), and the number of patients undergoing blood trans-
fusions (59 to >72 %). There were no differences regarding the number of hospital 
days, intraoperative complications, leakage of bowel anastomosis, intestinal fi s-
tula, and adhesive small bowel obstructions. Patients in the lymphadenectomy arm 
had higher perioperative and late morbidity (60 patients vs. 39 patients). The dif-
ferences were mainly caused by lymphocysts and lymphedema in the lymphade-
nectomy group [ 17 ].  
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    Lymphadenectomy in Early Ovarian Cancer 

 The open systematic pelvic and para-aortic lymphadenectomy is the gold standard 
for surgical staging in early invasive ovarian cancer since decades and is imple-
mented in several national guidelines [ 1 ,  2 ]. Systematic lymphadenectomy is not 
indicated in patients with borderline ovarian tumors, sex cord-stromal tumors, or 
germ cell tumors in case of clinical/radiological negative nodes. An exception might 
be very early germ cell tumors without indication for an adjuvant chemotherapy. 
The goal of this procedure is to remove suspicious and even clinically unsuspicious, 
but microscopically positive lymph nodes by the technique described above. While 
this staging procedure aims not only for removal of residual disease in lymph nodes, 
the histological results will also infl uence the indication and constitution of adju-
vant chemotherapy. It was shown by several authors that complete surgical staging 
including pelvic and para-aortic lymphadenectomy shows a better prognosis com-
pared to incomplete surgical staging [ 3 ,  4 ]. Despite this defi nition as standard of 
care since several years, national quality assurance programs have shown that this 
procedure was not performed in more than one third of patients resulting in incom-
plete staging and inferior survival [ 5 ]. A prospective study in ovarian cancer limited 
to the pelvis showed a 22 % rate of lymph node metastasis diagnosed by systematic 
pelvic and para-aortic lymphadenectomy [ 6 ]. It could not be confi rmed in this pro-
spective randomized trial that survival was affected; however, the trial was under-
powered with respect to survival analysis. Multiple retrospective single-center 
series have shown that the rate of positive lymph nodes in patients with presumed 
early stage disease is about 15 % [ 7 ,  8 ]. The rate of positive nodes depends on his-
tologic subtype and grading. Highest rates of positive nodes were reported in seri-
ous and high-grade ovarian cancers. The rate of positive nodes in stage IA grade I 
mucinous ovarian cancer seems to be very low; however, fi nal pathologic results are 
usually not available during surgery. Therefore, surgical staging should be per-
formed in these tumors, too. In contrast, in patients with complete surgical staging 
in, e.g., per frozen section diagnosed borderline tumors and later on corrected histo-
logical result of a mucinous ovarian cancer, stage FIGO IA, grade I, the indication 
for a relaparotomy for systematic pelvic and para-aortic lymphadenectomy has to 
be discussed individually. In contrast, relaparotomy is justifi ed in all other scenarios 
of an early invasive epithelial ovarian cancer for completion of surgical staging. 
Complete surgical staging including systematic lymphadenectomy should also be 
performed in patients with fertility-preserving surgery.  

    Lymphadenectomy in Advanced Ovarian Cancer 

 While the indication for lymphadenectomy in early ovarian cancer is defi ned, its 
role in advanced ovarian cancer is less clear. Lymphatic spread has been reported 
to be a common feature of ovarian cancer in advanced stage disease. Unselected 
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series including all FIGO stages reported a 44–53 % rate of lymph node metas-
tasis detected by systematic lymphadenectomy [ 9 ,  10 ]. This rate increases up to 
nearby 80 % of patients with systematic lymphadenectomy during surgery for 
advanced ovarian cancer [ 9 ]. It was also shown that in patients in advanced 
stage ovarian cancer with complete resection and systematic and para-aortic 
lymphadenectomy, not only the status (positive versus negative) but also the 
lymph node ratio was an important prognostic factor [ 11 ]. The general surgical 
strategy in patients with advanced ovarian cancer is complete tumor resection at 
primary surgery. If this is not possible, a resection of all tumor larger than 1 cm 
is recommended to achieve a residual disease status of 1–10 mm. Therefore, 
three prognostic subgroups have to be distinguished. While in patients with 
complete resection, the prognosis is good with a median survival of 99 months, 
it is lower in patients with residual disease of 1–10 mm (median survival 
36 months) or in patients with larger residual tumors (median survival 29 
months) [ 12 ]. The prognostic value of complete and/or optimal debulking has 
also been reported on several other occasions and confi rmed in meta- analyses 
[ 13 ,  14 ]. 

 The role of lymphadenectomy as part of surgical debulking in advanced ovar-
ian cancer is controversial. Several clinical scenarios of lymphadenectomy in 
relation to achieved intraperitoneal debulking status can be discussed separately: 
Patients in whom intraperitoneal debulking could not render resection to so-called 
optimal, small, or no gross residual disease would not benefi t at all from lymph-
adenectomy with respect to the maximum diameter of residual disease. Patients 
with bulky nodes but complete or almost complete debulking intraperitoneally 
could benefi t from removal of enlarged metastatic nodes by reducing macroscopic 
residual tumor. Lymphadenectomy in patients with clinically not suspicious 
lymph nodes and small residual disease intraperitoneally might not change the 
residual disease status but may reduce tumor burden in a potential caveat not opti-
mally accessible by chemotherapy [ 15 ]. The latter hypothesis was employed by 
the International Multicenter Lymphadenectomy trial that showed a benefi cial 
impact of systematic lymphadenectomy with respect to progression-free survival 
[ 16 ]. However, no survival benefi t was reported in this trial, and some authors 
concluded that systematic lymphadenectomy should not be considered as stan-
dard therapy in advanced ovarian cancer anymore [ 17 ]. This conclusion may not 
be generalized to patients with macroscopically complete resection intraperitone-
ally, because this subgroup did not substantially contribute to the results of an 
international multicenter trial. This trial indicated a 28 % rate of clinically not 
suspicious lymph nodes bearing metastatic disease. The unsatisfactory reliability 
of intraoperative palpation for diagnosis of lymph node metastasis was confi rmed 
by others [ 9 ,  18 ] and is  possibly based on similar size of metastatic and nonmeta-
static lymph nodes [ 19 ,  20 ]. 
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 Finally, in patients with intraperitoneally macroscopic complete debulking, sys-
tematic lymphadenectomy might theoretically add complete resection of retroperi-
toneal disease, thus achieving a true macroscopic complete resection status in that 
proportion of patients who would have undiagnosed residual retroperitoneal disease 
without lymphadenectomy. Retrospective series and an exploratory analysis of a 
prospective chemotherapy trial supported this hypothesis by demonstrating an 
impact of systematic lymphadenectomy on prognosis [ 21 – 24 ]. The latter was sup-
ported by an analysis of the SEER database [ 25 ]. By analyzing the AGO meta-
database, it was reported that lymphadenectomy was associated with superior 
survival in patients without gross residual disease. The median survival duration 
was 103 and 84 months; 5-year survival rates were 67.4 and 59.2 % ( p  = 0.0166). 
Multivariate analysis confi rmed a signifi cant impact of lymphadenectomy on over-
all survival ( p  = 0.0123). The same analysis in patients with small residual tumor up 
to 1 cm barely reached signifi cance ( p  = 0.0497), and signifi cance was only demon-
strated within this subgroup for patients with clinically suspect nodes in whom 
lymphadenectomy resulted in a 16 % gain in 5-year overall survival [ 26 ]. On over-
view of management of lymph nodes in epithelial ovarian cancer is given in 
Table  5.1 .

   Data from prospectively randomized trials evaluating the potential role 
of systematic lymphadenectomy in advanced ovarian cancer and complete 
 intraperitoneal resection are still pending (LION trial; ClinicalTrials.gov 
Identifi er: NCT00712218; CARACO trial; ClinicalTrials.gov Identifi er: 
NCT01218490). 

 Table of risk of lymph nodes involvement correlated to FIGO stage.

   Table 5.1    Management of lymph nodes in invasive epithelial ovarian cancer   

 FIGO 
stage 

 Intra-abdominal residual 
disease 

 Radiological and 
clinically negative LN 

 Positive lymph nodes 
>1 cm 

 FIGO 
I–II 

 0 
 >0: stop doing surgery 
for ovarian cancer 

 Yes 
 Complete surgical 
staging 

 −/− 

 FIGO 
III–IV 

 0  Yes or No?  Yes 
 LN >1 cm ≥TE/LNE 
 →Reduction of residual 
disease 

 1–10 mm  Yes or No?  Yes 
 LN >1 cm ≥TE/LNE 
 →Reduction of residual 
disease 

 >10 mm  No  No 

   LN  lymph node,  TE  tumor extirpation,  LNE  lymphadenectomy  
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 Authors (years)   n   FIGO stage  Risk of lymph nodes involvement (%) 

 Takeshima (2007)  208  I  20/156 (13 %) 

 II  18/37 (49 %) 

 III  9/15 (60 %) 

 Neigishi (2004)  150  I  8/123 (6.5 %) 

 II  11/27 (41 %) 

 Morice (2003)  276  I  17/85 (20 %) 

 II  6/15 (40 %) 

 III–IV  99/176 (62.5 %) 

 DiRe (1996)  448  II  17/56 (30.4 %) 

 III  142/461 (31 %) 

 IV  35/88 (77 %) 

 Onda (1996)  110  I  7/33 (21.2 %) 

 II  6/26 (23.1 %) 

 III  29/43 (67.4 %) 

 IV  6/8 (75 %) 

 Burghardt (1991)  180  I  9/37 (24.3 %) 

 II  7/14 (50 %) 

 III  84/114 (73.7 %) 

 IV  11/15 (73.3 %) 
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  Abstract 
   Patients treated for an advanced ovarian cancer experience inexorably a perito-
neal diffusion Hyperthermic Intra Peritoneal Chemotherapy (HIPEC), combin-
ing complete cytoreductive surgery and intra peritoneal heated chemotherapy, 
has been used to treat ovarian cancer patients with the hope of an improvement 
in survival. 

 Currently HIPEC remains an experimental procedure in the case of patients 
treated for an ovarian cancer. 

 In this review we describe preclinical studies, with hypothesis of hyperther-
mia synergy with intra peritoneal chemotherapy. Phase I and Phase II clinical 
series emphasizing the absence of control group in most of clinical series. At last 
we present ongoing phase III trials aimed to assess survival impact of HIPEC in 
the treatment of advanced ovarian cancer. 

 HIPEC is an innovative treatment. Before using it outside clinical trials in the 
case of initial treatment of advanced ovarian cancer, or in the case of the fi rst 
relapse, results of large multi-institutionnal randomised trials built to assess 
impact on survival, are required.   
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     Introduction 

 Ovarian cancer is the leading cause of death among women with gynecologic 
 cancer [ 1 ]. 

 Without any possibility to build screening programs, ovarian cancer is mainly 
diagnosed at an advanced stage [ 2 ]. 

 Current standard treatment involves complete surgery, with the goal of no mac-
roscopic residual disease, systemic platinum-based bi-chemotherapy, and targeted 
therapy. 

 Meta-analysis demonstrates overall survival benefi t of complete surgery when 
compared to the last defi nition of optimal surgery with a residual or less than 
1 cm [ 3 ]. 

 Recent randomized trials have shown in case of advanced ovarian cancer an overall 
survival of 30 months and a disease-free survival of 12 months [ 4 ] and in case of the 
fi rst late relapse, respectively, 33 months and 11.3 months for OS and DFS [ 5 ,  6 ]. 

 Even with the best treatment, 85 % of patients experience a fi rst relapse in a mean 
period of two years after initial treatment [ 4 ]. 

 Ovarian cancer diffusion is mainly limited to peritoneal cavity, peritoneal carci-
nomatosis, with rare distant metastasis [ 7 ]. Patients with FIGO III–IV ovarian can-
cer with negative peritoneal biopsies at the end of initial treatment experience a 
5-year DFS of 40 % [ 8 ]. 

 Based on this peritoneal failure, effi ciency of intraperitoneal chemotherapy was 
assessed by randomized trials (IPC). IPC consists of six courses of chemotherapy 
directly delivered into the abdominal cavity through an intraperitoneal catheter 
placed by the surgeon. Randomized trials have demonstrated signifi cant improve-
ment of disease-free and overall survival when compared to intravenous standard 
treatment. A recent meta- analysis of nine trials with 2119 patients confi rmed that 
IPC induces an important improvement of OS and PFS [ 9 ]. For example, in the 
GOG 172 trial, in the subgroup of patients with complete cytoreductive surgery, 
median overall survival in the IPC group was 127.6 months, and disease-free sur-
vival was 60.4 months [ 10 ]. Signifi cant improvement of survival was obtained 
despite poor intraperitoneal diffusion of chemotherapy due to postoperative adhe-
sions and despite a low rate of complete treatment, with approximately 50 % of 
patients who achieved the full six- course program of IPC. Nevertheless, throughout 
the world IPC is not currently part of routine practice due to an important rate of 
morbidity and organizational obstacles. 

 Today innovative treatments allow less improvement in survival. A recent tar-
geted antiangiogenic therapy, bevacizumab, allowed OS and PFS improvement of ¾ 
months in adjuvant setting and PFS improvement only in recurrent setting [ 11 ]. 

 Hyperthermic intraperitoneal chemotherapy (HIPEC) could be considered as an 
innovative option with the combination of two leading parameters of survival improve-
ment: complete surgery with no residual and intraperitoneal chemotherapy. HIPEC is 
performed after complete surgery, during the same surgical procedure, with two dif-
ferent techniques: open, coliseum technique, or closed [ 12 ]. HIPEC is not supposed to 
replace systemic therapy. HIPEC is based on the hypothesis of the treatment of 
remaining microscopic peritoneal disease even in case of a macroscopic complete 
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surgery classifi ed CC0 by the surgeon. HIPEC is a supplementary treatment to stan-
dard complete surgery and systemic standard chemotherapy. 

 To switch from an innovative hope to a standard option for routine use, HIPEC 
must follow the known steps of clinical research. After phase I and II trials, HIPEC 
must be compared with standard treatment in randomized setting. In colorectal car-
cinomatosis, Verwaal et al. have built a trial comparing complete surgery and HIPEC 
to palliative surgery and intravenous chemotherapy [ 13 ]. With this design it is con-
troversial to conclude that survival benefi t was due to HIPEC or to complete sur-
gery. Late results of survival, after prolonged follow-up, median DFS is 22 months 
in HIPEC group compared to 12 months in palliative group [ 14 ]. 

 Our aim was to review scientifi c proofs of HIPEC impact on survival in ovarian 
cancer patients considering frontline and relapse treatment.  

    Preclinical Studies 

 Considering peritoneal development of ovarian cancer and frequent peritoneal fail-
ure, peritoneum is a treatment target and intraperitoneal treatment an alternative to 
intravenous treatment. 

 Considering the advantage of the peritoneum/plasma barrier, a water-soluble 
drug with a high molecular weight could guarantee a high IP drug concentration 
with a low plasma drug diffusion. Platinum derived peritoneum/plasma ratios 20 
times and taxanes derived up to 1000 times [ 15 ]. 

 Compared to IPC, HIPEC has some characteristics to be added. Firstly HIPEC 
does not replace intravenous courses of bi-chemotherapy but is added to this stan-
dard treatment. 

 HIPEC is assimilated to one-shot chemotherapy, in opposition with the funda-
mental concept of systemic chemotherapy with a succession of courses based on 
cellular repair mechanisms. Observation of cisplatin-induced DNA adducts demon-
strates penetration and antineoplastic activity of IPC [ 16 ]. 

 In order to balance the disadvantage of a one-shot treatment, HIPEC combine 
hyperthermia and intraoperative diffusion of intraperitoneal chemotherapy. 
Intraoperative drug delivery avoids the problem of postoperative adhesion observed 
in case of IPC. 

 Hyperthermia has lethal effects on human neoplastic cells [ 17 ]. The main effects 
can be summarized as follows: direct cytotoxic effect with protein denaturation leading 
to apoptosis, indirect effect on DNA repair mechanisms, induction of heat shock pro-
teins activating natural cell killers, and increase in tumor penetration of cisplatin [ 18 ]. 
The best tolerated temperature was not defi ned into clinical phase I studies with esca-
lating steps. Considering SHIN 3 humanized ovarian cancer cells, studying tempera-
ture, carboplatinum or cis-platinum concentration, and length of exposure, Muller et al. 
showed that highest rate of cancer cell death was obtained with a duration of 60 mn at 
41 °C [ 19 ]. Drugs selected for HIPEC must be heat stable and have a high molecular 
weight. In clinical series temperature, duration of exposure and kind and concentration 
of intraperitoneal drugs are heterogeneous parameters (Tables). However, optimal 
intraperitoneal temperature was never demonstrated in scientifi c paper. 
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 After fi rst experience of thermal infusion in 15 dogs, Spratt et al. published the 
fi rst case report of HIPEC in a man with pseudomyxoma [ 20 ].  

    Mortality Morbidity 

 Jacquet et al., in a retrospective series of 60 patients treated by CRS and HIPEC for 
a PC from adenocarcinoma of the colon or appendix, described a 35 % rate of mor-
bidity, signifi cantly associated with high HIPEC temperature, duration of surgery, 
and high number of peritonectomy, with a mortality rate of 5 % [ 21 ]. 

 Not any paper compares results of heavy surgery and HIPEC to heavy surgery 
without HIPEC in the treatment of advanced ovarian cancer. A recent literature 
search of mortality and morbidity of cytoreductive surgery and HIPEC retained 
outcome from 24 institutions mainly observational, retrospective, nonrandomized 
series without control group [ 22 ]. In tertiary high-volume centers, the mortality 
rates ranged from 0.9 to 5.8 %. The common causes of perioperative mortality were 
sepsis and multi-organ failure as a result of surgical complications. The rate of 
major or grade III/IV morbidity ranged from 12 to 52 %, with a reoperation rates 
ranged from 0 to 23 %. Common postoperative complications include sepsis, fi stula 
abscess, ileus, perforation, anastomotic leakage, deep venous thrombosis/pulmo-
nary embolus, hematologic toxicity, and renal insuffi ciency. 

 Learning curves of this procedure have been demonstrated. The Dutch group dem-
onstrated that over a period of 10 years, where 323 procedures were performed, the 
implementation of a patient selection process has resulted in improved rates of com-
plete cytoreduction, decrease in postoperative morbidity rates, and decrease in median 
duration of hospital stay [ 23 ]. Careful patient selection with an optimal level of postop-
erative care must be advocated to avoid undesirable complications of this treatment. 

 A recent monocentric retrospective series of 91 patients treated with CRS and 
HIPEC for a primary advanced ovarian cancer or a relapse found 12 % of grade 
III–IV complications [ 24 ]. In a multivariate analysis, only PCI value >12 and intes-
tinal resection were independent factors linked with major morbidity. Bakrin et al. 
published the biggest world series of 566 HIPEC for ovarian cancer treatment; 
advanced primary or relapse, from 13 French centers, showed mortality 0.8 % rate 
and severe grade III–IV morbidity ranged from 0.8 to 31.3 % [ 25 ]. Without a homo-
geneous system to describe morbidity, it is hard to compare series from each other. 

 We can distinguish a specifi c morbidity of HIPEC related to systemic effects of 
the antimitotic drugs. Hematologic toxicity, grade 3–4 morbidity occurs in 8–31 % 
of cases, particularly when bone marrow has been previously challenged by previ-
ous courses of chemotherapy. Each antimitotic drug presents specifi c potential 
adverse effects and needs to be managed specifi cally. For instance, the use of oxali-
platin increases the risk of postoperative hemoperitoneum; the use of cisplatin is 
associated with a risk of kidney failure that requires optimal perioperative hydration 
and close follow-up of kidney function. 

 Selection of patient, selection of the number of resections and length of surgery, 
re-nutrition before surgery, and high-volume centers with a resuscitation unit should 
reduce the mortality and morbidity rates.  
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    Scientific Level of Evidence 

    Phase I Studies 

 Phase I trial with escalating doses, with the defi nition of stopping rules, allows to 
defi ne the best tolerated dose of a drug. PubMed search for key words HIPEC/ovar-
ian cancer/phase I trial allows to fi nd only four papers. In case of HIPEC, drug must 
also resist and remain effi cient in hyperthermic condition. 

 Steller et al. published a phase I trial of continuous hyperthermic peritoneal per-
fusion with high-dose carboplatin as primary treatment of patients with small- 
volume residual ovarian cancer [ 26 ]. The maximum tolerated dose (MTD) for 
intraperitoneal carboplatin administered as HIPEC was established at 1200 mg/m 2 . 

 Lentz et al. published a phase I study designed to determine the maximum toler-
ated dose (MTD) of carboplatin used intraoperatively as hyperthermic intraperito-
neal chemotherapy (HIPEC) in stage III ovarian cancer patient [ 27 ]. The maximum 
tolerated dose (MTD) for intraperitoneal carboplatin administered as IPHC was 
established at 1000 mg/m 2 . 

 Harrison et al. published a phase I study to determine the safety and pharmaco-
kinetics of intraperitoneal pegylated liposomal doxorubicin (PLD) used in the con-
text of HIPEC in patients with advanced abdominal-only malignancies, among 21 
patients only 3 patients have an ovarian cancer [ 28 ]. The maximum dose evaluated 
in this trial was 100 mg/m 2  and was well tolerated. 

 Zivanovic et al. published HIPEC ROC I: A phase I study of cisplatin adminis-
tered as hyperthermic intraperitoneal chemoperfusion followed by postoperative 
intravenous platinum-based chemotherapy in patients with platinum-sensitive 
recurrent epithelial ovarian cancer [ 16 ]. Cisplatin administered as HIPEC at a dose 
of 100 mg/m 2  has an acceptable safety profi le in selected patients undergoing sec-
ondary cytoreductive surgery for platinum-sensitive recurrent EOC. 

 At present over the world, three phase I studies are ongoing, still recruiting or 
closed but not published (ClinicalTrials.gov):

   Leslie Randal from University of California: This phase I studies the side effects and 
best dose of heated carboplatin given into the abdomen at the time of surgery in 
treating patients with stage II–IV ovarian, fallopian tube, or peritoneal cancer.  

  William Helm from University of Louisville: This is a phase I study of intraperitoneal 
hyperthermic docetaxel given at the time of second look surgery following frontline 
normothermic intraperitoneal and intravenous cisplatin/paclitaxel for patients with 
stage II and III ovarian carcinoma. Sebastien Gouy from Gustave Roussy Institute: 
This is a phase I trial dose escalation of cisplatin HIPEC in patients with unresect-
able stage IIIC ovarian, tube, or peritoneal primary adenocarcinoma (CHIPASTIN).     

    Phase II Studies 

 PubMed search for key words HIPEC/ovarian cancer/phase II trial allows to fi nd 
XX papers of prospective studies. 
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 Di Giorgio et al. (2008) published a series of 47 patients, 22 primary advanced 
ovarian cancer and 25 relapsed, treated with HIPEC (cisplatin 75 mg/m 2  for 60 mn) 
followed by systemic chemotherapy. Major postoperative morbidity, requiring 
rehospitalization, intensive care unit admission, or radiological intervention, devel-
oped in 21.3 %, and mortality rate was 4.2 %. The mean overall survival was 
30.4 months, and mean disease-free survival was 27.4 % [ 29 ]. 

 Ceelen et al. (2009) published a series of 42 patients treated for a fi rst relapse 
>6 months after the end of initial treatment. HIPEC with cisplatin ranges from 100 
to 250 mg/m 2  for 90 min or oxaliplatin 460 mg/m 2  for 30 mn. Major morbidity rate 
was 21 % with no postoperative morbidity. Median overall survival (OS) was 37 
months (95 % confi dence interval 12.2–61.8), and median progression-free survival 
was 13 months. 

 Lim et al. (2009) published a series of 30 patients treated for an advanced ovarian 
cancer with HIPEC (cisplatin 75 mg/m 2  for 90 mn). Major morbidity rate was 21 % 
with no postoperative mortality. 

 Asero 2009. 
 Pomel et al. (2010) published a study aimed to evaluate the HIPEC (oxaliplatin 

460–350 mg/m 2 )-related morbidity as consolidation therapy for 31 advanced ovar-
ian cancer patient. Major morbidity rate was 29 % with no postoperative mortality. 
Two-year disease-free and overall survival were 27 % and 67 %, respectively. As a 
result of this high level of morbidity, the trial was closed. 

 Deraco et al. (2011) published a multi-institutional phase II trial to assess 
overall survival after cytoreductive surgery (CRS) and hyperthermic intraperito-
neal chemotherapy (HIPEC) in 26 treatment-naive epithelial ovarian cancer 
(EOC) with advanced peritoneal involvement. Major morbidity rate was 15 % 
with 4 % postoperative morbidity. After a median follow-up of 25 months, 5-year 
overall survival was 60.7 %, and 5-year progression-free survival was 15.2 % 
(median 30 months). 

 At present over the world, four phase II studies are ongoing, still recruiting or 
closed but not published (ClinicalTrials.gov):

   Sang-Yoon Park, National Cancer Center, Korea: The phase II study of HIPEC with 
cisplatin followed by intravenous chemotherapy in patients with ovarian cancer.  

  Anna Fagotti, Catholic University of Sacred Heart, Roma: This is a phase II study 
of HIPEC with oxaliplatin in patients with platinum-sensitive recurrent ovarian 
cancer.  

  Fernando Figueira, Pernambuco, Brazil: This is a phase II open-label, single-arm 
clinical trial on safety and effi cacy exploring a short-course regimen of intraop-
erative hyperthermic intraperitoneal chemotherapy (HIPEC) cisplatin as up-front 
therapy for patients with advanced epithelial ovarian cancer (EOC) undergoing 
cytoreductive surgery (CRS).  

  Than Dellinger, City of Hope Medical Center: Cytoreductive surgery with hyper-
thermic intraperitoneal chemotherapy (HIPEC) and optional postoperative nor-
mothermic intraperitoneal (IP) chemotherapy to treat primary or recurrent 
carcinoma of ovarian, fallopian tube, uterine, or peritoneal origin.    
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 Several retrospective clinical series, either phase I or II but pilot mainly retro-
spective series, are published aimed to assess effi ciency and tolerability of HIPEC 
for ovarian cancer patients (Table  6.1 ).  

 Those studies share some characteristics: heterogeneous drug, with different 
posology, heterogeneous HIPEC technique open or closed, different temperatures, 
and duration. Clinical situations are frequently mixed: frontline treatment of 
advanced disease, progression. Tools to describe postoperative morbidity are het-
erogeneous limiting accuracy of comparison of published series. 

   Table 6.1    Published pilot series of ovarian cancer and HIPEC ( n  ⊇ 50 patients, results on sur-
vival) without control group   

 Author (year) 

  N  (Period 
recruitment 
/year)  Timing 

 Drug (mg/
m 2 )  Mortality 

 PFS 
median 
months 

 OS median 
months 

 Cotte (2007) [39]  81 (14)  M  Cis (20)  2.5 %  19  28 

 Pavlov (2009) [40]  56 (12)  M  Doxo 
(O.1) 
 Cispl (15) 

 1.8 %  26  43 
(primary) 
 40 (relapse) 

 Helm (2010) [41]  141  M  Platinum 
 Mito 

 0.5 %  16.6  30 

 Roviello (2010) 
[42] 

 53 (9)  M  Cispl (100) 
 Mito (25) 

 0 %  NR  55 % 5 
years 

 Parson (2011) [43]  51 (13)  I  Carbo 
(1000) 
 Mito (30) 

 0 %  NR  29 

 Deraco (2012) [44]  56 (15)  R  Cispl (42) 
 Doxo (15) 
 Cispl (25) 
 Mito (3.3) 

 5.3 %  10.8  25.7 

 Bakrin (2013) [25]  566 (19)  M  Cispl 
 Oxaly 
 Doxo 
 Mito 

 0.8 %  NR  35.4 

 Robella M (2014) 
[45] 

 70 (17)  M  Cispl (100) 
– Doxo 
(15.2) 

 7 %  NR  48 
(primary) 
 28 (relapse) 

 Konigstrainer 
(2014) [46] 

 62 (5)  R  Cispl (50)  0 %  NR  35 (CC0-1) 
 14 (CC2) 

 Coccolini (2015) 
[47] 

 54 (6.5)  M  Cispl (100) 
– Pacli 
(175) 

 0 %  12.4  32.9 

 Classe (2015) [33]  314 (10)  R  Cispl 
 Oxaly 
 Doxo 
 Mito 

 1 %  14 % 5 
years 

 38 % 5 
years 

   N  number of patients included. Period of recruitment: period from the fi rst to the last patient 
included 
 Timing  I  (Initial),  R  (relapse),  M  (mixed) 
  NR  Not related  
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 Bakrin et al. published the biggest retrospective series of 566 patients treated for 
a primary advanced ovarian cancer ( n  = 92) or a relapse, either fi rst or more relapse 
( n  = 474). Several main parameters were heterogeneous: step of the disease – pri-
mary treatment, fi rst relapse, more than the fi rst relapse – HIPEC parameters – drug, 
temperature, concentration, duration, completeness of cytoreductive surgery. Grade 
3–4 morbidity rates were 0.8 % and 31.3 %, respectively. Median overall survivals 
were 35.4 and 45.7 months for advanced and recurrent EOC, respectively. A more 
recent paper, based on an extraction of the latest paper, focuses on a specifi c selec-
tion of patients with a fi rst relapse [ 30 ]. Mortality and morbidity rates were, respec-
tively, 1 % and 30.9 %. Median follow-up was 50 months, 5-year overall survival 
was 38.0 %, with no difference between platinum-sensitive and platinum- resistant 
patients, and 5-year disease-free survival was 14 %. 

 In these studies, the lack of control group prevents to point any specifi c advan-
tage of HIPEC. 

 Ten studies of HIPEC for an ovarian cancer compared with a control group without 
HIPEC are already published (Table  6.2 ). The number of patients in each arm is very low 
with 14–60 in HIPEC group and 12–84 in no HIPEC group. Those studies share usual 
limitations as small effective, heterogeneous clinical situation with four studies in the 
situation of initial treatment and six in the situation of relapse and heterogeneous drug. 
The reason of the choice of treatment, HIPEC or not, was never due to a randomization.  

 Munoz-Casares et al. compared 14 patients treated with secondary surgery and 
HIPEC to 12 patients treated with secondary surgery without HIPEC, included from 
1997–2004. Patients underwent second-line chemotherapy after surgery. The sur-
gery was complete, with no gross residual in 64 % of the HIPEC group and 58 % of 

   Table 6.2    Series with control group   

 Stage  HIPEC drug  HIPEC ( n )  No HIPEC ( n ) 

 Ryu (2004) [48]  Primary  Carboplatinum  57  60 

 Gori (2005) [49]  Primary  Cisplatinum  32  19 

 Bae (2007) [50]  Primary  Paclitaxel (22) 
 Carboplatinum 
(45) 

 67  29 

 Munoz casares 
(2009) [34] 

 Relapse  Paclitaxel  14  12 

 Spilliotis (2011) 
[51] 

 Relapse  Cisplat/Pacli  24  24 

 Warschkow 
(2012) [52] 

 Primary  Cisplatinum  21  90 

 Fagotti (2012) 
[36] 

 Relapse  Oxaliplatinum  30  37 

 Lebrun (2014) 
[37] 

 Relapse  Cisplatinum  23  19 

 Safra (2014) 
[53] 

 Primary  Cisplat/Doxo 
 Pacli/Carbo 
 Cisplat/Mito 

 27  84 

 Cascales campos 
(2015) [54] 

 Relapse  Paclitaxel  32  22 
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the control group. Overall survival was signifi cantly higher in the HIPEC group 
when compared to the control group [ 17 ]. 

 Spiliotis et al. [ 19 ] compared patients treated for a fi rst ovarian cancer relapse 
(24 patients treated with surgery and HIPEC followed with second-line chemo-
therapy compared to 24 patients treated with surgery without HIPEC and second- 
line chemotherapy). The 3-year overall survival was signifi cantly better in the 
HIPEC group [ 19 ]. Complete surgery and peritoneal cancer index were linked with 
a better survival. 

 Fagotti et al. [ 18 ] compared patients treated for a fi rst ovarian cancer relapse 
(30 patients treated with complete secondary surgery [cc0–cc1] and HIPEC, 
 followed with second-line chemotherapy to 37 patients treated with second-line 
chemotherapy alone for 13 patients and second-line chemotherapy and secondary 
surgery for 24 of them) without information regarding the completeness of the cyto-
reduction score at the time of secondary surgery for these patients. Disease-free 
survival and overall survival were signifi cantly better in the HIPEC group [ 18 ]. 

 Lebrun JF et al. is the fi rst case-control series with a matching of patients based 
on the main prognostic factors, with only serous ovarian carcinoma and a complete 
secondary surgery for each patient in the two groups (23 HIPEC, 19 control group). 
Patient selection was based on inclusion criteria to reduce bias: only fi rst relapse, 
complete surgery, only serous carcinoma with no differences considering main 
prognosis factors. At 4 years OS was 75.6 % in the HIPEC group and 19.4 % in the 
control group ( p  = 0.013) (Le Brun 2014 #45).  

    Phase III Studies 

 Currently, four prospective European trials are ongoing testing the impact of com-
plete surgery and HIPEC with cis-platinum on fi rst platinum-sensitive relapse of 
epithelial ovarian cancer. 

 CHORINE, an Italian randomized trial stage IIIC unresectable epithelial ovar-
ian/tubal cancer with partial or complete response after fi rst-line neoadjuvant che-
motherapy (three cycles CBDCA + paclitaxel): a phase 3 prospective randomized 
study comparing cytoreductive surgery + hyperthermic intraperitoneal chemother-
apy (CDDP + paclitaxel) + three cycles CBDCA + paclitaxel vs cytoreductive sur-
gery alone + three cycles CBDCA + paclitaxel (ClinicalTrials.gov/NCT01628380). 
DFS 2 years. Ansaloni OVHIPEC, a Netherland randomized trial, phase III random-
ized clinical trial for stage III ovarian carcinoma randomizing between secondary 
debulking surgery with or without hyperthermic intraperitoneal chemotherapy, 
DFS, Van Driel. Clinicaltrials.gov NCT00426257. 

 HORSE, an Italian randomized multicenter trial comparing interval surgery plus 
HIPEC  versus  interval surgery alone, aimed to assess relapse-free survival (avail-
able at   http://clinicaltrials.gov/show/NCT01539785    ). 

 CHIPOR, a French prospective multicenter randomized trial comparing, after six 
courses of second-line chemotherapy, surgery plus HIPEC  versus  surgery alone, 
aimed to assess overall survival (available at   http://clinicaltrials.gov/show/
NCT01376752    ).   
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    Guidelines 

 At the present time, HIPEC is not part of standard treatment of ovarian cancer 
patients and does not appear even as an option, in any international guideline. As 
recent editorials, the cooperative German group AGO published a statement which 
declared that HIPEC is unwarranted in routine use outside of controlled clinical tri-
als (Harter 2013 #42). 

   Conclusion 
 HIPEC is rational considering both ovarian cancer peritoneal failure and already 
proved intraperitoneal treatment effi ciency. 

 Scientifi c literature contains few phase I trials, weak phase II trial mainly 
retrospective without control group, and not any published results of randomized 
phase III trial allowing to point effi ciency of HIPEC randomly compared to stan-
dard treatment. 

 Ongoing phase III trials will bring fi rst responses. 
 At present scientifi c proofs of effi ciency are too weak to propose routinely 

HIPEC for ovarian cancer patient. Inclusion in clinical trials, prospective evalu-
ations, must be privileged. 

 Teams involved in HIPEC share the responsibility to participate in the recruit-
ment of patients in ongoing trial to switch for the current status of HIPEC as a 
simple hypothesis to the demonstration of its real effi ciency. 

 We all owe this effort to our patients.      
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  Abstract 
   Conservative treatment, consisting in uterine preservation with unilateral sal-
pingo-oophorectomy, can be proposed to selected patients with early epithelial 
ovarian cancer, with a desire for pregnancy after a histological review and surgi-
cal staging. 

 This procedure can be safely proposed for common histological subtype 
(mucinous, serous and endometrioid), for stage IA grade 1 and 2, for stage IC1 
grade 1 disease. 

 The literature review of oncological and fertility outcomes after fertility spar-
ing surgery in patients with epithelial ovarian cancer shows: an overall recur-
rence rate of 12%, a median overall survival of 94% at 5 years, a rate of 43% 
patients willing a pregnancy of which 66% become pregnant. 

 Assisted conception procedures after conservative treatment are actually con-
traindicated, nevertheless many techniques for fertility preservation are now 
developed. 
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 Follow-up is based on a clinical examination, an analysis of tumour markers 
and the use of systematic imaging, at least every 4 months for the fi rst 2 years, 
then every 6 months until 5 years and every year thereafter. Test for BRCA1-2 
mutations is indicated. 

 Completion surgery after childbearing, or after 40 years of age in patients 
who have not become pregnant, is recommended.   

    Introduction 

 Conservative and functional surgery is increasingly used in surgical oncology. Its 
aim is to preserve organs’ functionality and to reduce radical resection to allow 
pregnancy in patients of child-bearing age. Development of new minimally invasive 
procedures in oncological gynaecologic surgery is a perfect example of this evolu-
tion. Although radical surgery remains the gold standard in the treatment of epithe-
lial ovarian cancer (EOC), fertility-sparing surgery (FSS) can be considered in 
patients with early-stage disease (stage I FIGO [ 1 ]), in order to preserve their fertil-
ity function and to improve their quality of life. These procedures can be proposed 
only to selected patients, depending on stage, grade, histological subtypes and prog-
nostic factors. However a consensus for selected criteria is not yet done in literature, 
despite this topic being discussed since the last two decades. 

 The aim of this chapter is to clarify the selected criteria for FSS in EOC, the outcome 
and the fertility rate of these patients by summarising the main data on literature.  

    Indications of Fertility-Sparing Surgery 

 The indication of FSS in EOC needs fi rst of all to satisfy some requirements: patient of 
child-bearing age (not older than 40 years), information on oncological and fertility 
outcome given to the patient, acceptation of strict follow-up, histological review of ovar-
ian tumour by a designated gynaecologic pathologist and a correct disease staging [ 2 ]. 

 The standard surgical procedure in EOC is radical (hysterectomy with bilateral 
salpingo-oophorectomy). This procedure has to be associated with a surgical stag-
ing (peritoneal cytology, omentectomy, complete bilateral pelvic and para-aortic 
lymphadenectomy, multiple peritoneal biopsies). The aim of surgical staging is to 
defi ne the stage of disease and to adapt complementary treatment. 

 A conservative approach, defi ned as the preservation of at least a part of one ovary 
and the uterus, should be considered only in patients with early-stage disease. 

 The indications concerning conservative management of EOC are diffi cult to 
analyse in literature, because many reported series are either mixed dealing with 
conservative treatment in epithelial and non-epithelial ovarian cancer or include 
invasive and borderline ovarian tumours, considering them as epithelial. Some 
series reported the results of conservative management but mixing epithelial, bor-
derline and non-epithelial tumours. 
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 Few series reported about conservative treatment exclusively in EOC. DiSaia [ 3 ] 
is one of the fi rst authors to propose conservative treatment for EOC, but with 
selected inclusion criteria: patients with fertility desire, willing to undergo close 
gynaecologic follow-up, stage IA, well-encapsulated ovarian cancer without peritu-
moural adhesions, no invasion of the ovarian capsule, lymphatic channels and\or the 
mesovarium and negative peritoneal washings. 

 To start the analysis of literature on FSS in EOC, we selected seven main retrospec-
tive series [ 4 – 11 ], including only EOC, with more than ten patients and with precise 
details concerning the tumour grade distribution for stage IA and IC disease (Table  7.1 ).

•     Colombo et al. [ 4 ] in 1994 and Zanetta et al. [ 5 ] in 1997 have published the fi rst 
series specifi cally dedicated to EOC. Their series involved 56 patients and the 
authors allow FSS in selected cases: stage IA to IC and any grade disease.  

•   An American multicentre study involving 52 patients was reported in 2002 [ 6 ]. 
The estimated overall survival in this study for patients with early-stage EOC 
who underwent FSS was 98 % at 5 years and 93 % at 10 years. The authors sug-
gested FSS in stage I any grade EOC.  

•   A French multicentre study was published in 2005 [ 7 ]: a series involving 34 
patients with strict inclusion criteria (systematic review of slides, complete 
 staging surgery and chemotherapy for patients with stage ≥ IC). The authors 
declare safe FSS only in stage I grade 1 EOC.  

•   The study of Park et al. in 2008 [ 8 ] included 62 patients with EOC, of whom 59 
have early stage. Patients with stage IC or grade 3 tumour have signifi cantly 
poorer survival. FSS can be considered in young patients with stages IA–C 
grades 1–2.  

•   An Argentine series [ 9 ] included 16 patients with early-stage EOC and 2 patients 
with advanced stage which were treated conservatively. Disease-free survival 
(DFS) and overall survival (OS) were, respectively, 83.2 % and 94.4 %. The 
authors accorded FSS in any stage I with any grade.  

•   A Japanese multicentre study [ 10 ] included a total of 211 patients from 30 insti-
tutions undergoing FSS for EOC. The authors recommended FSS in stage IA 
either with favourable histological subtype or clear cell histology and in stage IC 
only with favourable histology; in case of grade 3, FSS is to be avoided.  

•   The largest series was recently published by Fruscio et al. [ 11 ]: an Italian retro-
spective study that evaluated 240 patients treated with FSS. The authors con-
cluded that conservative treatment can be proposed to all young patients when 
tumour is limited to the ovaries. In case of grade 3, distance recurrences are more 
frequent and the patients must be monitored closely.    

 Results reported by those seven series (Table  7.1 ) suggested that such conserva-
tive surgery could be safely performed in patients with stage IA grade 1 and prob-
ably grade 2 diseases, respectively, 6 % and 13 % of recurrence rate. In 33 patients 
with stage IA grade 3 disease, 14 recurrences were observed (42 %) suggesting that 
conservative management should not be performed in such situations. 
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   Controversy Over Stage IC2 

 Many discussions had concerned stage IC disease because results in the seven series 
reported different outcomes for patients treated conservatively for stage IC disease, 
and not all the authors suggested FSS in this case. Probably the key to the discussion 
in order to explain such potential differences is the heterogeneity of patients having 
stage IC according to the 1988 FIGO classifi cation [ 12 ]: patients are classifi ed as 
having stage IC disease in case of uni- or bilateral tumour with (a) spread of the 
tumour on the surface of the ovary (excrescences) and/or (b) ascites containing 
malignant cells or positive cytology after positive washing and/or (c) capsular rup-
ture. So, patients included as having a stage IC disease were not probably “similar” 
in terms of criteria used to classify disease as stage IC in those patients. Furthermore, 
the histological subtype is perhaps somewhat different in those seven series con-
cerning this substage of disease. Such fi ne difference could explain the absence of 
homogeneity in the literature until the new 2014 FIGO staging system [ 1 ]. 
Nevertheless, summarising the seven series, conservative management could be 
probably accorded in stage IC grade 1 disease (9 % of recurrence) but should not be 
performed in grade 2 or 3 disease, respectively, 14 % and 23 % of recurrence 
(Table  7.1 ). 

 Kajiyama et al. [ 13 ] explored recently recurrence predicting prognostic factors 
after FSS in patients with EOC. In a multicentre study, they included 94 patients on 
stage I EOC treated conservatively. In accord to the new FIGO classifi cation [ 1 ], IC 
substage was defi ned: intraoperative spillage (IC1), preoperative capsule rupture or 
surface invasion (IC2) and positive cytology (IC3). They found 14 recurrences 
(14.9 %) and the overall recurrence-free survival (RFS) was 84.3 %. There was no 
signifi cant difference in RFS between patients with stage IC1 and those with stage 
IA disease. In contrast this signifi cant difference was found between IC2/3 and 
stage IA. Moreover they showed a signifi cant poorer RFS of patients with grade 1 
than grade 2–3 disease. FSS is not recommended for patients with preoperative 
capsule rupture or surface invasion (IC2), positive cytology (IC3) and grade 2 and 3 
disease. 

 In a recent study about 18 patients [ 14 ] only on stage IC (14 grade 1 and 4 
unknown), the authors fi nd 5 recurrences (28 %) after FSS, and tumour histology 
did not exert a statistically signifi cant effect. In terms of fertility outcome, of 10 
patients who attempted to conceive, 7 singleton pregnancies were recorded for 5 
women. The authors, based on their favourable fertility outcomes in spite of an 
elevated recurrence rate, suggest that FSS could be considered for EOC patients 
other than just those with FIGO stage IA grade 1 disease. 

 The analysis of the SEER (Surveillance, Epidemiology and End Results) data-
base reports the absence of impact on the survival of preservation of the ovary in 
stage IA or IC disease [ 15 ]. Nevertheless, as stated by the authors, “to detect a 20 % 
difference in survival for pts with stage IC disease, a cohort of 1282 pts with 52 
deaths is required”. So, as none of the series published involved such a large number 
of patients, it is not possible to conclude defi nitively about the safety of conservative 
management in this situation.  

7 Oncofertility Applied to Epithelial Ovarian Cancer
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   Controversy Over Grade 3 

 The recommendations of the Fertility Task Force of the European Society of 
Gynecologic Oncology (ESGO) [ 2 ] indicated a safe FSS in EOC for stage IA and 
IC grade 1, stage IA grade 2 and “conventional histological subtypes”. FSS is dis-
cussed in stage IC grade 2 and in stage IA clear cell subtype. FSS is contraindicated 
for grade 3 tumour, stage > I, histologically aggressive tumour. 

 The large recent Italian series, including 240 patients treated conservatively for 
EOC, support these recommendations; in particular regarding grade of disease, the 
authors fi nd that grade 3 disease is an independent worst prognostic factor for RFS 
and OS compared with grade 1 and grade 2 disease [ 11 ]. 

 In the same direction goes the result of the recent retrospective study of Ditto et al. 
[ 16 ]. The authors compared 70 patients treated conservatively for EOC versus 237 
treated radically for EOC. In the FSS group 38 (54.3 %) and 32 (45.7 %) patients were 
at low risk (FIGO stage IA grade 1–2) and high risk (FIGO stage IA grade 3 or more), 
respectively. On multivariable analysis only stage of disease correlated with DFS: 
patients affected by FIGO stage IC or more advanced stage experienced a 4.7-fold 
increased risk of developing recurrences in comparison to patients affected by FIGO 
stage IA–IB. The FIGO grade 3 is associated with worse OS in multivariable analysis.  

   Controversy Over Stage II 

 It appears obviously that for disease extending beyond the ovaries, FSS is avoided 
because of the major risk of recurrences [ 7 ,  8 ]. Nevertheless there are in literature 
some cases reported that have been analysed in the recent review of Petrillo et al. 
[ 17 ]. The authors identifi ed 21 patients with stage II–III disease receiving 
FSS. Recurrent disease was observed in 9 patients (42.8 %) and 23.8 % of the 21 
patients died of  disease. Radical surgery remains the standard for advanced EOC.  

   Controversy Over Histological Types 

 Histological type plays a great role in inclusion criteria: only serous, mucinous and 
endometrioid EOC should be considered for conservative management. 

 The data of the seven series (Table  7.1 ) showed a lower recurrence rate for muci-
nous subtype (9 %), 12 % of recurrence for endometrioid subtype and 16 % and 
17 % for serous and clear cell disease, respectively. 

 In a recent retrospective series, Lee et al. [ 18 ] investigated the outcome of 90 
patients treated for a mucinous epithelial ovarian cancer confi ned to the ovaries: 35 
conservatively and 55 radically. There was no statistical difference between the two 
groups in DFS suggesting that FSS is safe in this histological subtype that occurs 
commonly in younger women. 

 Kajiyama et al. [ 19 ] compared two groups of patients with stage I clear cell car-
cinoma: 16 were treated with conservative surgery and 205 with radical surgery. 
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The OS and DFS were not statistically different between the two groups, and fur-
thermore patients with clear cell carcinoma who underwent FSS did not show a 
poorer OS and DFS than patients with other histological subtypes. In spite of the 
small number of patients included, the authors suggested that such management 
could be proposed in clear cell tumour. The evolution of clear cell disease is differ-
ent between Asia and Europe and this is probably the reason for such good results. 
Nevertheless, waiting furthers studies concerning such histological subtype consid-
ered as a high-grade disease, patients with clear cell (at least in Europe) and ana-
plastic EOC must not be considered for conservative treatment, because of the high 
risk of relapse on the remaining ovary.   

    Oncological Outcomes 

 The literature review (Table  7.2 ) of overall recurrences after FSS in patients with 
EOC showed a large range between 5 and 29 %, in relation with the heterogeneity 
of patients included in the different series. The median 5-year OS of all the series is 
good (94 %) as we expected for an early-stage disease, but it will be interesting to 
know the 10-year OS probably most infl uenced by recurrence, but the limited fol-
low- up of these studies not allowed these data.

   The prognosis of recurrent patients after conservative surgery for EOC 
remains poor, particularly in the case of recurrent disease outside from the pre-
served ovary [ 26 ]. 

 Two interesting recent reviews investigated oncological outcomes of FSS 
in EOC. 

 The fi rst one published by Du Bois et al. [ 27 ] included 15 studies comprising 913 
patients. The authors found 11.4 % of global recurrences within a median observa-
tion time of 6 years: stage IB/C recurred nearly twice compared to stage IA (OR 
1.72, 95 % confi dence interval 1.12–2.64,  p  < 0.05), and the risk of recurrence was 
four times higher in grade 2–3 compared to grade 1 disease (OR 4.26, 95 % confi -
dence interval 2.31–7.86,  p  < 0.0001). There was no statistical difference in recur-
rences between stage IC/grade 1 and stage IA/grade 1. The authors concluded that 
FSS is only advisable for unilateral grade 1 tumours. 

 The second one published by Zapardiel et al. [ 28 ] collected the pattern of recur-
rences of all studies that included more than 30 patients treated conservatively for 
early-stage EOC (total of 683 patients). They fi nd an overall recurrence rate of 11.5; 
4.8 % of the patients presented an isolated relapse in contralateral ovary. Overall 
survival at 5 years exceeds 90 and 4.4 % of patients died of disease. The authors 
suggested that it may be reasonable to broaden the indication of FSS to mostly 
grade 2 and occasionally to grade 3 or stage IC disease. 

 The pattern of relapse, ovarian or extraovarian recurrence, may infl uence the prog-
nostic of these patients. In fact ovarian isolated relapse is correlated with the possibil-
ity of a new completed surgical treatment and very rarely leads patients to death. In 
the other and the extraovarian recurrence is more diffi cult to cure and is signifi cantly 
associated with a higher risk of death than isolated ovarian recurrences [ 11 ].  
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    Surgical Procedure for Conservative Surgery 

 Conservative surgery must be considered only after an adequate surgical staging. 
This staging must include peritoneal washings, excision of any suspicious peritoneal 
lesion, multiple peritoneal biopsies and omentectomy. Endometrial curettage should 
be performed in endometrioid subtype because a concomitant endometrial cancer 
may be discovered. A pelvic and para-aortic lymph node dissection is recommended 
but still discussed in patients with stage I disease in mucinous subtype or in serous 
grade I subtypes, because a nodal spread is very uncommon in these cases [ 29 – 31 ]. 

 The fertility-sparing surgery in EOC consists in uterine preservation with unilat-
eral salpingo-oophorectomy. In patients with “limit” indication for conservative 
surgery (stage IA grade 3 disease, stage IB or IC grade 2 or 3 disease, stage IC2 and 
IC3 disease), another option could be considered: the removal of both ovaries but 
with uterine preservation (with the absence of positive uterine curettage at the time 
of staging surgery) to preserve a potential possibility of “fertility” (oocyte donation 
or other procedures). Such proposal has never been explored in EOC, but should be 
evaluated. 

 In a conservative approach, Munnell [ 32 ] proposed to associate a systematic 
biopsy of the remaining ovary, because on his data a contralateral microscopic 
involvement existed in 12 % of cases of EOC. Nevertheless, systematic biopsies of 
contralateral ovarian cancer can induce infertility by provoking postoperative adhe-
sions with the remaining ovary. Moreover, many authors have not found any micro-
scopic implants in a macroscopically normal ovary [ 4 ,  6 ]. On the other hand, 
Benjamin et al. [ 33 ] have reported on a series of 118 patients with stage I EOC a 
microscopic localisation in the contralateral ovary in 3 patients (2.5 %), with normal 
macroscopic aspect of the ovary. But these 3 patients had grade 3 tumours and none 
of the patients with stage I grade 1 or 2 disease had occult metastasis on contralat-
eral ovary. In consequence, a routine biopsy on the contralateral ovary is not recom-
mended if a preoperative vaginal ultrasonography did not reveal deep parenchymatous 
abnormalities in the contralateral ovary to the tumour and if it seems macroscopi-
cally normal during the surgical procedure. 

 Concerning surgical approach in EOC, laparotomy is the conventional technique 
that permitted complete and accurate exploration of the abdominal cavity and safe 
and adequate exposition for debulking surgery in advanced ovarian disease. On the 
other hand, laparoscopy should be the indicated approach in early-stage ovarian 
disease with particular regard for patients that may undergo fertility-sparing sur-
gery. In fact laparoscopy has many advantages in this context, lower bleeding, lower 
contamination, less tissue and organ handling, minimal scars and especially lower 
postoperative adhesion, that can impact fertility. 

 In the conservative management of EOC, many authors agree that laparoscopy 
staging performed by an experienced gynaecologic oncologist is feasible, adequate 
and safe, without difference in surgicopathologic results and survival outcomes 
compared with laparotomy approach [ 34 – 39 ] 

 Recently the fi rst two cases of robotic-assisted FSS for early ovarian cancer have 
been reported: the fi rst one concerning a 29-year-old woman who developed a 
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well- differentiated endometrioid carcinoma stage IC and the second one concerning 
a 31-year-old woman with an immature grade 1 teratoma. For the patient with an 
EOC, a completed staging was performed without complication [ 40 ].  

    Fertility Results After Conservative Surgery 

 After FSS in EOC few fertility results are available in the literature. The review of 
these data is shown in Table  7.2 . Considering the nine series [ 6 ,  8 ,  10 ,  11 ,  14 ,  20 ,  22 , 
 23 ,  25 ] with available details of fertility outcomes, we found that 43 % (279) of 
patients with early-stage EOC wished for pregnancy after FSS and 66 % (185) 
became pregnant with 224 live births (Table  7.2 ). 

 Zanetta et al. reported 27 pregnancies in 20 patients [ 5 ]. In the American series 
24 patients attempted pregnancy and 17 conceived. These 17 patients had 26 term 
pregnancies and 5 spontaneous abortions [ 6 ]. In a French series, 10 pregnancies 
were observed in 9 patients [ 7 ]. Park et al. reported 15 pregnancies in 19 attempted 
patients that had 22 term pregnancies and 2 spontaneous abortions [ 8 ]. Anchezar 
et al. reported 7 pregnancies in 6 patients out of 18 patients included in the study [ 9 ]. 
In the series of Satoh et al., of the 195 patients who gave reproductive outcomes, 55 
achieved 76 pregnancies [ 10 ]. In the recent Italian series including 240 patients 
treated conservatively for EOC, 105 tried to become pregnant and 84 were success-
ful: 16 had one or more spontaneous abortions and 68 had at least one child. The 
authors fi nd an inverse correlation between tumour grade and willing pregnancy: 
signifi cantly more patients with grade 1 and 2 disease tried to conceive compared 
with patients with grade 3 disease [ 11 ].  

    Fertility Preservation and Assisted Conception Procedures 

 In the last decade different strategies have been developed to preserve ovarian germ 
cell in young patients treated for cancer. Even in the case of fertility-sparing surgery, 
completion treatment as chemotherapy and radiotherapy may impact the ovarian 
germ cell reserve and hormonal function. Before a cancer treatment, if the prognostic 
disease is favourable, three solutions can be proposed in women of child-bearing 
age: cryopreservation of a part of the ovarian cortex that can be reimplanted [ 41 ], 
cryopreservation of mature oocytes after a controlled ovarian stimulation [ 42 ] or 
retrieval and storage of immature or in vitro matured oocytes (IVM) [ 43 ]. IVM is an 
attractive alternative for fertility preservation in cancer patients because it does not 
require ovarian stimulation and is the preferable solution for those tumours with 
hormonal sensitivity [ 44 ]. 

 Nevertheless, after an FSS in EOC, if infertility persists, ovarian stimulation 
or IVM remains contraindicated. Even if there are not sufficient data in the 
literature, any hormonal stimulation may increase recurrence rates. Bandera 
et al. [ 45 ] reported a case of a woman with stage IC grade 1 mucinous epithelial 
ovarian cancer treated conservatively, who underwent the next 3 years 2 cycles 
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of ovulation induction with exogenous gonadotropins. Five months after the 
second cycle, the patient presented extensive recurrence of disease and she 
died 2 months later despite extensive surgical debulking followed by 
chemotherapy. 

 Moreover ovarian cryopreservation is not a good procedure for patients with 
EOC, because of the risk to reimplant a part of the ovary containing malignant cells 
as suspected for auto-transplantation of ovarian tissue in women having suffered 
from systematic haematological malignancies [ 46 ]. 

 In literature there are very few cases reported about fertility-assisted procedure 
in EOC. 

 In a multicentre national retrospective study, 40 patients treated conservatively 
for ovarian tumours (only 3 EOC) were submitted to a fertility-assisted procedure. 
Seventeen pregnancies were obtained and among these one had an EOC. Only three 
patients treated for borderline ovarian tumour have a recurrence after induction of 
ovulation [ 47 ]. 

 Fadini et al. [ 48 ] reported a case report about a 38-year-old woman with a previ-
ous history of infertility, treated for an EOC stage IIC grade 2. Following the strong 
desire of parenthood by the patient, immature oocytes were collected during surgi-
cal procedures. Vitrifi cation and successive warming was carried out. About 1 year 
after adjuvant treatment fi nished, the patient had an embryo transfer after ICSI 
(intracytoplasmic sperm injection) with her cryopreserved in vitro matured oocytes. 
The procedure didn’t evolve in viable pregnancy. 

 In a recent study about obstetric outcome after orthotopic transplantation of 
cryopreserved ovarian tissue, among the 20 patients previously treated for malig-
nant disease, only one had an EOC. She became pregnant spontaneously after trans-
plantation, realised 5 years after the end of treatment [ 49 ]. Nevertheless, in our 
practice, for patients treated conservatively for EOC, this procedure remained 
contraindicated. 

 Very few data are available in literature on this subject, and more investigations 
are required to know the real benefi t and relative relapse risk of fertility-assisted 
procedures in patients treated conservatively for early-stage EOC. A new speciality 
called oncofertility is now developed, and the specialist should be introduced in the 
multidisciplinary management of patients eligible for FSS.  

    Follow-Up 

 After a conservative management of early-stage EOC, a careful follow-up is crucial 
in order to discover ovarian or extraovarian relapse. Moreover the acceptation of a 
strict follow-up is one of the criteria to allow FSS. 

 Follow-up is conventionally based on clinical examination, analysis of tumour 
markers and the use of a systematic imaging (abdominopelvic ultrasonography), at 
least every 4 months for the fi rst 2 years and then every 6 months until 5 years and 
every year thereafter. 
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 These young patients (<40 years old) that undergo an FSS should be tested for 
BRCA 1–2 mutations in order to adapted the screening of breast cancer. 

 The use of completion surgery after child-bearing, or in patients who have not been 
pregnant after 40 years of age, remains to be discussed. Nevertheless, cases of relaps-
ing EOC 10 years after conservative treatment like reported in literature [ 11 ,  50 ] could 
suggest discussing the removal of the remaining ovary, in order to reduce the risk of 
recurrence on the spared ovary. 

   Conclusions 
 In patients of child-bearing age with early EOC, conservative surgery of one 
ovary and the uterus can be considered in order to preserve their fertility function 
and to improve their quality of life. To allow FSS some requirements are neces-
sary: patients not older than 40 years who wish for pregnancy, acceptation of 
strict follow- up, histological review of ovarian tumour and a complete disease 
staging. 

 Ideally, to validate this practice, a randomised trial should be performed to 
compare FSS and radical surgery in patients with early-stage EOC, but it will be 
ethically incorrect to propose a radical treatment to young patients of child-bear-
ing age because many studies reported that FSS is a safe management in selected 
cases. Furthermore, EOC is a rare disease and a randomised trial is technically 
unrealisable because in a large number of cases, it will be necessary to observe a 
statistical difference in DFS and OS. 

 Concerning stage and grade disease, conservative treatment can be safely pro-
posed in stage IA grades 1 and 2 and in stage IC1 grade 1; this procedure is still 
discussed for stage IC1 grade 2 and is contraindicated in case of bilateral involve-
ment of the ovary, stage IB, IC2/IC3 and grade 3 disease. 

 Concerning histological subtype, conservative treatment can be safely pro-
posed in mucinous, serous and endometrioid disease; in case of clear cell dis-
ease, the indication of FSS is still discussed, and it must be considered the 
different evolutions of this subtype between Asia and Europe; FSS is contraindi-
cated for anaplastic and neuroendocrine tumour. 

 The literature review showed an overall rate of recurrences after FSS in 
patients with EOC of 12 % and a median 5-year overall survival of 94 % 
(Table  7.2 ). 

 Conservative surgery must be considered only after an adequate surgical stag-
ing that must include peritoneal washings, excision of any suspicious peritoneal 
lesion, multiple peritoneal biopsies, omentectomy and pelvic and para-aortic 
lymphadenectomy. The laparoscopic approach is feasible, adequate and safe, 
without difference in surgicopathologic results and survival outcomes compared 
with laparotomy approach, and leads to less postoperative adhesion; this is the 
surgical approach that might be the best choice. 

 The literature review of fertility outcomes showed 43 % of patients with early- 
stage EOC wishing for pregnancy after FSS and 66 % of these patients became 
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pregnant (Table  7.2 ). Actually fertility-assisted procedure after FSS for early 
EOC is contraindicated because of elevated risk of recurrence. Fertility improve-
ment should be discussed with multidisciplinary staff including gynaecologic 
oncologists, pathologists and specialists trained in oncofertility. 

 The patients should be tested for BRCA 1–2 and carry out a careful follow-up 
based on clinical examination, analysis of tumour markers and the use of a sys-
tematic imaging (abdominopelvic ultrasonography). 

 The use of completion surgery after child-bearing, or after 40 years old in 
patients who have not been pregnant, is recommended.      
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  8      First-Line Systemic Therapy 
(Chemo/Antiangiogenics)                     

     Sandro     Pignata      and     Sabrina     Chiara     Cecere    

    Abstract 
   Epithelial ovarian cancer (EOC) is often diagnosed in advanced stage. Optimal 
cytoreductive surgery followed by a platinum–taxane combination has been the 
cornerstone of treatment for more than 15 years. Despite the best upfront 
 treatment, about 80 % of women with advanced disease achieve an objective 
response, and 10–20 % are cured with this regimen; nevertheless, disease 
 recurrence occurs in most patients. Delaying progression or recurrence is one of 
the main goals of current ongoing clinical studies. In the last decade, several 
 trials have investigated new therapeutic strategies such as dose-dense 
 chemotherapy, intraperitoneal therapies (IP), and the integration of standard 
 chemotherapy with biological agents. Bevacizumab, targeting angiogenesis, has 
been the fi rst biological agent reaching the clinical practice. The GOG218 and 
the ICON7 trials demonstrated that bevacizumab prolongs progression-free 
 survival in patients with FIGO stages IIIb–IV in combination with platinum-
based chemotherapy and, most importantly, as maintenance. Other biological 
drugs, such as pazopanib, olaparib, and trebananib, showing impressive results 
in the recurrent setting, have been investigated in the fi rst line, pending defi nitive 
results. The ovarian cancer is still considered a unique entity. A better molecular 
characterization will help researchers to develop some more tailored therapeutic 
strategies according to different molecular subtypes.  
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       Introduction 

 Ovarian cancer is the seventh most common cancer among women up to 64 years of 
age. Worldwide there are more than 200,000 new cases of ovarian cancer each year, 
accounting for around 4 % of all tumors diagnosed in women with a cumulative 
lifetime risk of ovarian cancer of 0.5 % [ 23 ]. In Europe, ovarian cancer is the leading 
cause of gynecological cancer death, with an estimated 65,697 new cases and 
41,448 deaths each year and with just over a third of women alive 5 years after 
diagnosis [ 23 ]. Early diagnosis is considered one of the most important factors that 
affect prognosis. Unfortunately, the lack of standardized and validated screening 
procedures and the absence of specifi c symptoms until advanced stages make diffi -
cult to diagnose the disease at a time when a curative approach is still feasible. 
Epithelial ovarian cancer is a highly chemosensitive tumor, with response rates to 
primary treatment that reach approximately 75 %; however, also recurrence rates are 
very high, particularly in the fi rst 2 years after surgery. Approximately, 15 % of 
cases are localized to the ovaries. In this group 5-year survival is more than 90 %. 
The majority of diagnoses identify women with advanced disease (International 
Federation of Gynecology and Obstetrics [FIGO] stages III–IV) which are charac-
terized by a 5-year survival of less than 30 %. Epithelial ovarian cancer is not a 
unique disease and, morphologically, is classifi ed into fi ve main histologic sub-
types: high-grade serous, which accounts for 70 % of all epithelial cancer, low-
grade serous (5 %), endometrioid (10 %), mucinous (3–5 %), and clear- cell tumors 
(10 %) [ 63 ]. These different ovarian cancer subtypes show a distinct biological and 
genetic mutational spectrum: high-grade serous ovarian cancers are characterized 
by mutations of TP53 in about 96 % of cases and in 20 % of cases by BRCA 1/2 
mutations, including a combination of germline and somatic mutations [ 73 ]. Low-
grade serous ovarian cancer is often associated with K-RAS, B-RAF, and ERB-B2 
mutations, while TP53 is rarely mutated [ 46 ]. Clear-cell ovarian cancers have less 
frequent TP53 mutations but have recurrent ARID1A and PIK3CA mutations. 
Endometrioid ovarian carcinomas have a similar pattern of genetic aberrations, with 
a low rate of TP53 mutations and prevalent ARID1A, PIK3CA, and CTTNB1 muta-
tions. Mucinous ovarian tumors show K-RAS mutations [ 73 ]. These genetic charac-
teristics likely refl ect a distinct pathogenesis and lead to different biological 
behaviors, with impact on prognosis and on response to antineoplastic treatments. 
Literature data and the growing knowledge of biological features of ovarian cancer 
lead us to consider as inadequate the prognostic characterization of ovarian cancer 
based on clinical and pathological parameters (FIGO stage of disease, histological 
type, degree of differentiation, residual disease after surgery). One recent attempt to 
view differently this type of tumor was recently proposed. According to the patho-
genesis of ovarian cancer, a dualistic model has been formulated that divides EOC 
into two categories called type I and type II [ 17 ,  34 ,  35 ,  69 ]. Type I ovarian cancers 
tend to be low grade and to have an indolent biological behavior, with characteristic 
genetic mutations, including low-grade serous, endometrioid, mucinous, and clear-
cell ovarian carcinoma [ 46 ]. On the contrary, type II ovarian tumors, including high-
grade serous, high-grade [ 68 ] endometrioid, malignant mixed mesodermal, and 
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undifferentiated ovarian tumors, have an aggressive phenotype and an unstable 
genome. These subtypes show different prognoses, patterns of spread, and responses 
to chemotherapy [ 46 ]. This variability is still not taken into account in our therapeu-
tic algorithm.  

    Postoperative Chemotherapy in Early-Stage Ovarian Cancer 

 Surgery is the cornerstone of EOC, and it is considered curative in most of the cases 
of women with early-stage tumors. Early-stage ovarian cancer includes FIGO stages 
Ia, Ib, and Ic [ 64 ]. An adequate cytoreductive surgery should be offered both to 
remove the disease and to provide accurate staging, which is a key factor also for the 
decision to undergo an adjuvant therapy. The prognosis of early-stage ovarian can-
cer is good, with a 5-year survival rate of 70–90 % [ 1 ]. Although surgery is curative 
in many cases, about 30 % of the patients recur and require further therapy. 

 The rationale of adjuvant chemotherapy after complete removal of the disease 
and adequate surgical staging is to eradicate any residual microscopic deposits of 
cancer cells responsible of potential recurrence of disease. In order to make an 
appropriate treatment choice, it is, therefore, important to understand what factors 
in early stages of ovarian cancer infl uence the prognosis and the risk of recurrence 
and, therefore, which patients would benefi t most from additional treatment. 
Uncontrolled retrospective studies identifi ed prognostic factors in this setting. A 
multivariate analysis of 1545 patients with stage I EOC confi rmed tumor grade to 
be the single most important determinant of survival [ 78 ]. Other important inde-
pendent prognostic factors are age, FIGO stage, substage (capsular involvement or 
cyst rupture, FIGO stage Ic), histological subtype (e.g., worse prognosis in the 
undifferentiated tumors), and the presence of ascites. According to literature data, 
early stages of epithelial ovarian cancer are divided into three different risk catego-
ries. Low-risk patients have tumors at FIGO stages Ia and Ib with well-differenti-
ated disease and with no clear-cell histology; in such conditions, surgery is 
resolutive in 95 % of cases in the absence of evidences that demonstrate a benefi t 
of a subsequent adjuvant chemotherapy [ 39 ]. The patients with FIGO stage Ia–Ib 
moderately differentiated belong to intermediate risk. Poorly differentiated tumors 
or stages Ic–II are considered high risk as associated with a recurrence rate of 
25–40 % and, therefore, are candidates for adjuvant chemotherapy [ 75 ]. The 
patients with intraoperative rupture of the tumor within the abdomen fall into this 
group. A number of evidences support the use of adjuvant chemotherapy in early-
stage ovarian cancer,however the optimal regimen, and duration is still debated 
[ 16 ,  29 ,  70 ]. A Cochrane meta-analysis assessed the survival advantage of adjuvant 
chemotherapy in early-stage ovarian cancer [ 79 ]. Five randomized clinical trials 
were included in the analysis. While the earliest three trials lacked enough events 
to demonstrate a possible impact of adjuvant treatment, on the contrary, the ICON1 
and the ACTION trial [ 75 ] included a larger number of patients and had a suffi cient 
power to demonstrate a treatment effect. These two trials randomized patients 
with serous, mucinous, endometrioid, clear-cell, and undifferentiated ovarian 
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carcinomas to receive platinum-based chemotherapy or no chemotherapy. The 
5-year and the updated 10-year overall survival rate was signifi cantly better for 
women receiving adjuvant chemotherapy compared with the control group. Similar 
fi ndings were reported for progression-free survival [ 79 ]. Additionally, these two 
trials address the question of which patients with early-stage ovarian cancer benefi t 
more from adjuvant chemotherapy. The ICON1 trial stratifi ed patients in low/inter-
mediate risk (FIGO stage Ia, G1–G2, or FIGO stages Ib–Ic, G1) and high risk 
(FIGO stage Ia, G3, and Ib/Ic, G2–G3, any clear cell). Both overall and progression- 
free survival were better in high-risk patients, but no difference was observed 
among treated and non-treated low- to intermediate-risk patients at 5- and 10-year 
follow- up [ 72 ]. Conversely, the ACTION trial strongly recommended a complete 
surgical staging and planned a subgroup analysis on suboptimally and optimally 
staged patients. Patients with FIGO stage Ia/Ib, G2–G3, and FIGO stage Ic/IIa 
were included. Among the suboptimally staged women, adjuvant chemotherapy 
increased the overall (OS) and disease-free survival (DFS), whereas in the opti-
mally staged patients, no difference was observed between the treated group and 
the control group. At a median follow-up of 10 years, earlier data were confi rmed 
[ 79 ]. These results may suggest that there is a subgroup of good-prognosis patients 
who apparently do not benefi t from adjuvant chemotherapy. In particular, it is 
hypothesized that chemotherapy impacts only on occult disease in suboptimally 
staged patients. Nonetheless, a benefi t in optimally staged tumor cannot be 
excluded. In summary, adjuvant chemotherapy may be avoided only for low-risk, 
optimally staged, stage I patients (FIGO stage Ia/Ib, G1–G2); chemotherapy is 
indicated after surgery for patients with high-risk stage I disease (FIGO stage Ic, 
G3). In case of suboptimal surgical staging of low-risk stage I patients, benefi ts and 
effects of adjuvant chemotherapy should be discussed with each individual patient 
[ 1 ,  53 ,  54 ]. Regarding the chemotherapy regimen in this setting, studies comparing 
carboplatin plus paclitaxel versus carboplatin alone are not available. Indirect sug-
gestions of greater effi cacy of the carboplatin–taxane combination are gathered by 
results in advanced-stage disease. In the absence of clear recommendations, single-
agent carboplatin can be considered a reasonable alternative to the doublet in inter-
mediate- and high-risk early-stage ovarian cancer patients [ 1 ,  39 ,  53 ,  54 ]. The 
optimal duration of adjuvant chemotherapy remains a matter of investigation. A 
randomized trial which compared three versus six cycles of platinum plus pacli-
taxel for early-stage ovarian cancer revealed a nonstatistically signifi cant 24 % 
reduction in recurrence rate in patients who underwent six courses of chemother-
apy [ 6 ]. A subgroup analysis stratifying patients on the basis of clinical and patho-
logical features showed a statistically signifi cant benefi t of six versus three cycles 
of chemotherapy only in serous tumors, while outcome for non-serous was not 
infl uenced by the duration of chemotherapy [ 14 ]. Again, there may be a subgroup 
of patients who do not benefi t from intensive adjuvant chemotherapy and future 
research is needed to confi rm these hypotheses. Recently the Cochrane review has 
been updated including mature data (10-year follow-up) of the same trials [ 36 ]. 
The conclusion is that adjuvant platinum-based chemotherapy is effective in pro-
longing survival in women with early-stage (FIGO stage I/IIa) epithelial ovarian 
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cancer. It remains uncertain whether women with low- and intermediate- risk early-
stage disease will benefi t as much from adjuvant chemotherapy as women with 
high-risk disease. Decisions to use adjuvant chemotherapy in these women should 
be individualized to take into account individual factors. 

 Also, the choice to prescribe adjuvant chemotherapy in the early stages of the 
type I tumors including the less common clear-cell, mucinous, and low-grade serous 
carcinoma [ 34 ] is object of debate. Comparing the outcome for different histologic 
subtypes in large randomized trials evaluating paclitaxel/carboplatin in advanced 
ovarian cancer, it seems that clear-cell and mucinous carcinomas are more chemo-
resistant than serous carcinomas [ 25 ,  57 ]. Adjuvant chemotherapy is usually not 
given for stage I mucinous tumors, while this topic is still debated for clear-cell 
cancers. On the contrary, stage Ic tumors, that have poorer prognosis, are usually 
treated as for the other hystotypes.  

    First-Line Treatment in Advanced Stages: Stages III–IV 
According to FIGO 2009 Classification 

 Both the American and European guidelines recommend surgery as the initial 
approach to ovarian malignancies [ 1 ,  39 ,  53 ,  54 ]. The actual treatment of ovarian 
cancer at an advanced stage (FIGO stages III–IV) is based on the proper integration 
of surgery and medical approach. The goal of primary surgery, defi ned as optimal 
cytoreduction, is the absence of residual cancer. For more than 20 years, tumor deb-
ulking surgery followed by platinum/taxane combination chemotherapy has 
remained the standard fi rst-line treatment. Currently, the fi rst-line treatment of ovar-
ian cancer consists of the combination of carboplatin AUC 5.0–7.5 and paclitaxel 
175 mg/m 2  with three-weekly schedule. This choice comes from the results of sev-
eral trials that demonstrated the superiority of paclitaxel-based chemotherapy regi-
mens and the equal effectiveness of carboplatin compared to those containing 
cisplatin (GOG111, GOG 114, GOG 158, AGO-OV.2, AGO-OV.104) [ 47 ,  52 ,  55 , 
 60 ]. The shift from cisplatin to carboplatin was based on safety considerations and 
easier handling use. As expected, paclitaxel/carboplatin was associated with signifi -
cantly different toxicity profi les consisting in less nausea, vomiting, and neuropa-
thy, but greater myelosuppression that was overall manageable. Furthermore, the 
analysis of quality of life, assessed by the EORTC QLQ-C30 questionnaire, demon-
strated signifi cantly better scores for the paclitaxel/carboplatin arm when compared 
with the cisplatin-based treatment. Given the evidence of a more favorable toxicity 
profi le and ease of delivery, the carboplatin/paclitaxel combination has been consid-
ered for years the standard of care in epithelial ovarian cancer treatment. However, 
although the initial response rates are high, most patients (75–80 %) with advanced- 
stage ovarian cancer relapse within 18 months and eventually die from the disease 
within a median of 32–57 months. 

 New strategies have been studied to improve the outcome of this fi rst-line ther-
apy. Moreover, a safety profi le of carboplatin and paclitaxel combination, mainly 
alopecia and neurotoxicity, has prompted researchers to look for new doublets 
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potentially better tolerated and equally or more effective. Several efforts have 
focused on further intensifying the chemotherapy regimens with the addition of a 
third or fourth cytotoxic agent; however, attempts in this regard have consistently 
been disappointing, producing suboptimal responses with no survival advantage 
and higher toxicities [ 9 ,  28 ]. The SCOTROC1 trial [ 77 ] was a Scottish randomized 
phase III trial, which included more than 1000 women with stage Ic–IV EOC; it 
compared the carboplatin/docetaxel doublet to the combination of carboplatin and 
paclitaxel. No effi cacy differences were founded between both arms at fi nal analy-
sis. The biggest difference that emerged was related to the toxicity profi le of the two 
treatment regimens. A higher rate of myelosuppression (including complicated 
grade 3–4 neutropenia) was found with carboplatin/docetaxel, whereas a higher rate 
of neurotoxicity has been described in patients treated with carboplatin/paclitaxel. 
According to these data, docetaxel and carboplatin could be considered as a valid 
alternative to carboplatin/paclitaxel in some selected cases. In the MITO-2 trial 
[ 61 ], carboplatin AUC 5 in combination with pegylated liposomal doxorubicin 
(PLD) at a dose of 30 mg/m 2  every 3 weeks for six cycles was compared to the 
standard carboplatin/paclitaxel combination in 820 patients with FIGO stage Ic–IV 
EOC. Once again the alternative doublet (carboplatin/PLD) failed to show a greater 
effi cacy compared to standard-of-care chemotherapy in terms of PFS, OS, and 
response rate (PFS, 19 vs. 16.8 months;  p  = 0.58; median OS, 61.6 vs. 53.2 months; 
 p  = 0.32; response rate, 57 vs. 59 %;  p  = 0.76). Regarding toxicity profi le, thrombo-
cytopenia, anemia, stomatitis, and skin toxicity were signifi cantly more frequent in 
the PLD arm, whereas neuropathy, diarrhea, and hair loss were most frequent in 
those treated with paclitaxel. These results let us to consider carboplatin/PLD as a 
reasonable alternative to carboplatin/paclitaxel, particularly in patients who experi-
enced hypersensitivity to paclitaxel, asked to avoid alopecia, or are at risk of periph-
eral neuropathy. 

 Dose-dense therapy has been investigated as another alternative to improve fi rst- 
line effi cacy treatment. Literature data show that weekly administration of antineo-
plastic agents may have potentially enhanced antitumor activity and decreased 
toxicity due to extended exposure but fairly low concentration of the drugs [ 43 ]. 

 Studies in breast cancer demonstrated a greater activity of paclitaxel adminis-
tered at low doses every week compared to standard three-weekly schedule. This 
difference was supposed to be also related to an antiangiogenic effect associated to 
dose-dense administration. These results prompted to the JGOG 3016 trial [ 33 ]. 
This multicentric Japanese phase III study randomized more than 600 women with 
FIGO stage II–IV EOC to receive weekly paclitaxel (80 mg/m 2 , days 1, 8, and 15) 
in combination with three-weekly carboplatin (AUC6, day 1) or a standard three- 
weekly regimen into fi rst-line ovarian cancer treatment. The results showed an 
impressive superiority of the dose-dense paclitaxel and carboplatin regimen in terms 
of PFS (28.2 vs. 17.5 months; HR, 0.76; 95 % CI, 0.62–0.91;  p  = 0.0037) and OS 
(100.5 vs. 62.2 months; HR, 0.79; 95 % CI, 0.63–0.99;  p  = 0.039), but with increased 
toxicity leading to more frequent early discontinuation of treatment in the dose- 
dense arm (53 vs. 37 %). The role of weekly chemotherapy was further evaluated in 
a European study, the Multicenter Italian Trials in Ovarian Cancer (MITO-7) 
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randomized trial [ 62 ]. In this study, over 800 women with stage Ic to IV EOC were 
treated with a total of six cycles using carboplatin and paclitaxel on either a standard 
(every 3 weeks) or on a weekly schedule, with both agents administered on days 1, 
8, and 15 every 21 days. At a median follow-up of 22 months, similar PFS (18 ver-
sus 17 months; HR, 0.96; 95 % CI, 0.80–1.16) was found in the experimental arm 
compared with standard treatment, with no statistically overall survival differences 
between two arms (77 versus 79 % of probability of survival at 24 months, respec-
tively, of HR 1.20 and 95 % CI 0.90–1.61), but a better tolerability profi le and qual-
ity of life founded in the weekly arm. The MITO-7 trial differs from JGOG 3016 in 
several aspects. In contrast to the Japanese one, the European trial the total dose of 
the drugs is similar between the arms, but both carboplatin and paclitaxel are admin-
istrated weekly. The most interesting advice that at least emerged from these trials 
concerns the race of the enrolled population (Asian versus Caucasian), which may 
explain the discrepancy of results probably related to distinct profi les of response 
and tolerability, often imputed to genetic polymorphisms involved in drug metabo-
lism and chemosensitivity. 

 Another smaller European trial did not fi nd a benefi t from a regimen including 
induction therapy with three cycles of dose-dense weekly paclitaxel and weekly 
platinum over a standard three-weekly regimen [ 76 ]. The JGOG 3016 dose-dense 
regimen was also evaluated in the USA through the GOG 262 phase III trial, where 
a similar schedule was analyzed but with the optional addition of bevacizumab (at 
physician choice) [ 15 ]. The use of bevacizumab in most patients enrolled (85 %) 
and in both arms prevents a strict comparison between GOG 262 and JGOG 3016, 
except in the small subset of patients (15 %) where bevacizumab was not added to 
chemotherapy. No signifi cant difference in effi cacy was found between both arms, 
with a difference in favor of the dose-dense weekly regimen observed only in 
patients who did not receive bevacizumab. The limited series of patients in this trial 
precludes any defi nitive conclusion. There is currently no data suggesting that the 
weekly dose-dense regimen is benefi cial to non-Japanese women. Thus, the three- 
weekly carboplatin/paclitaxel regimen remains the standard in Caucasian popula-
tions, although we await further data; the ICON8 (  https://clinicaltrials.gov/ct2/
show/NCT01654146    ), which is ongoing, is a phase III trial, comparing three 
 possible schedules of paclitaxel/carboplatin combination (three-weekly carboplatin 
and paclitaxel, three-weekly carboplatin plus weekly paclitaxel, weekly carboplatin 
and paclitaxel), and might help to defi nitively clarify the role of dose-dense 
chemotherapy. 

 As the majority of clinical recurrences are generally confi ned to the peritoneal 
cavity, there is a strong rationale for administering cytotoxic drugs directly into the 
abdomen (intraperitoneal chemotherapy), thus increasing the dose intensity deliv-
ered to any residual tumor while avoiding additional systemic toxicity. Intraperitoneal 
chemotherapy (IP) is unable to penetrate deeply into tissues so it is only likely to be 
suitable for patients who have undergone optimal cytoreductive surgery with mini-
mal residual disease. 

 There have been three large phase III trials comparing intraperitoneal (IP) che-
motherapy with IV chemotherapy. In the fi rst study, 654 patients were randomly 
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assigned to receive six cycles of IV cyclophosphamide in combination with either 
IV or IP cisplatin. The median OS was signifi cantly longer in the IP arm (49 versus 
41 months;  p  = 0.02; HR, 0.76) [ 2 ]. This questionable trial was carried out before the 
introduction of taxanes; however, it formed the basis for further trials of IP chemo-
therapy. The second study, GOG 114, incorporated IV paclitaxel in each arm. 
Patients were randomly assigned to receive either IV paclitaxel 135 mg/m 2  over 
24 h followed by IV cisplatin 75 mg/m 2  every 3 weeks for six courses or IV carbo-
platin (AUC 9) every 28 days for two courses, then IV paclitaxel 135 mg/m 2  over 
24 h followed by intraperitoneal cisplatin 100 mg/m 2  every 3 weeks for six courses. 
In the 462 assessable patients, a substantial improvement in PFS was observed but 
the difference in OS was not signifi cant ( p  = 0.05). Again toxic effects were higher 
in the experimental arm and 18 % of patients received <2 courses of IP treatment 
[ 48 ]. The use of IP chemotherapy as a viable alternative to intravenous (IV) treat-
ment is supported by European and American guidelines on the basis of a large 
phase III randomized trial (the GOG172) that randomized 415 among the 429 
women with stage III EOC treated with optimal debulking surgery (residual disease 
≤1 cm) [ 3 ] to receive IV paclitaxel and cisplatin or IV paclitaxel followed by IP 
cisplatin (d 1) and paclitaxel (d 8). In the experimental arm, the patients received IP 
cisplatin (100 mg/m 2 ) on day 1 and IP paclitaxel (60 mg/m 2 ) on day 8; in the control 
arm, both cisplatin (75 mg/m 2 ) and paclitaxel (135 mg/m 2 ) were administered intra-
venously on days 1 and 2, respectively, every 3 weeks. The experimental arm 
showed a signifi cant benefi t compared with the control arm in PFS (23.8 versus 
18.3 months,  p  = 0.05). A signifi cant improvement in OS was also demonstrated, 
65.6 vs. 49.7 months, respectively, in the IP arm compared to IV arm ( p  = 0.03). It is 
worth to be mentioned that only 42 % of patients was able to complete six cycles of 
IP chemotherapy. Grade 3–4 toxicity was greater and quality-of-life scores were 
signifi cantly worse in the IP arm. The three trials described above all recorded 
favorable PFS or OS results for the IP arms. Data from the GOG 114 and 172 trials 
were recently retrospectively analyzed by Tewari and colleagues [ 74 ] to determine 
10-year long-term survival and prognostic factors linked to IP therapy. After a 
median follow-up of 10.7 years, the survival benefi t for IP chemotherapy was con-
fi rmed, with a median survival with IP therapy of 61.8 months (95 % CI, 55.5–69.5), 
compared with 51.4 months (95 % CI, 46.0–58.2) for intravenous therapy. Factors 
associated with poorer survival included: clear, mucinous versus serous histology 
(AHR, 2.79; 95 % CI, 1.83–4.24;  p  < .001), gross residual versus no visible disease 
(AHR, 1.89; 95 % CI, 1.48–2.43;  p  < .001), and fewer versus more cycles of IP che-
motherapy (AHR, 0.88; 95 % CI, 0.83–0.94;  p  < .001). In this setting, also, an inter-
esting fi eld of study is related to tumor genomic alterations. Recently, an analysis of 
somatic loss of BRCA1 in patients participating in GOG-172 demonstrated a pro-
found effect on overall survival [ 40 ]. In this analysis of 393 patients (94 % of GOG- 
172 participants), somatic loss of BRCA1 was observed in 48 %, and the median 
overall survival for IP vs. IV therapy was 84 vs. 47 months ( p  = .0002), amounting 
to a 33 % reduction in the hazard for death. 

 Despite such encouraging and undoubted fi ndings on the impact of overall sur-
vival, IP chemotherapy still raises many concerns among oncologists and has been 
adopted only in a few countries [ 10 ]. The additional toxicity (grade 3–4 pain, 
fatigue, and hematologic toxicities were signifi cantly more common in the IP 

S. Pignata and S.C. Cecere



103

cohort), lack of familiarity with placement and use of peritoneal catheters, the worse 
quality-of- life scores observed in the experimental arms, and concern over the 
design of trials have hindered its widespread use. In the last months confl icting 
results from two important phase II [ 59 ] and phase III trials (PERTROC-OV21 and 
the GOG 252 trial) [ 26 ] on adjuvant IP treatment in OC patients have been pre-
sented at the 2016 Annual Meeting of the Society of Gynecologic Oncology and at 
the 2016 ASCO Annual Meeting. To further elucidate the role of IP in the treatment 
of ovarian cancer and better defi ne which patients will truly benefi t from this 
approach, other studies [ 31 ] are ongoing, the researchers are also conducting cor-
relative studies on collected  tissue samples to determine whether certain biologic 
characteristics may be associated with improved outcomes using IP versus IV 
chemotherapy. 

 Since the majority of patients with EOC achieve a complete clinical remission 
after surgery and frontline chemotherapy, but ultimately recur the idea of delaying 
recurrence through a maintenance, the therapy has been investigated. No random-
ized phase III maintenance or consolidation study has shown a statistically signifi -
cant improvement in outcome with maintenance chemotherapy. Data from a 
meta-analysis of six randomized trials ( n  = 902) concluded for the absence of sig-
nifi cant improvement in 5-year overall survival for the administration of mainte-
nance chemotherapy (relative risk, 1.07; 95 % CI, 0.91–1.27) [ 49 ]. An ongoing 
study, GOG 212, is further investigating the role of maintenance taxanes. In addi-
tion, randomized trials evaluating some therapeutic monoclonal antibodies that 
directed mucin Ca125 as a maintenance strategy have shown no benefi t in either 
relapse-free or overall survival compared with placebo [ 7 ,  67 ].  

    Molecular-Targeted Therapies 

 The addition of biological agents to standard frontline chemotherapy is currently 
the main topic of research. Angiogenesis represents one of the most promising tar-
gets in ovarian cancer [ 37 ]. One of the key mediators of angiogenesis is vascular 
endothelial growth factor (VEGF), a heparin-binding growth factor that selectively 
promotes proliferation and survival of vascular endothelial cells [ 41 ]. VEGF also 
induces vascular permeability and angiogenesis in a variety of in vivo models [ 22 ]. 
EOC is characterized by high levels of intra-tumoral VEGF [ 18 ] that has been 
shown to signifi cantly affect prognosis compared to tumors with lower VEGF 
expression [ 11 ]. In parallel with these results, there are several studies which report 
poor survival to be associated with high serum VEGF levels in patients with 
advanced disease [ 50 ,  71 ]. 

 Bevacizumab is a recombinant humanized monoclonal antibody (IgG1) target-
ing VEGF-A [ 65 ]. Its effects include a direct antiangiogenic activity and additional 
effects on tumor vasculature, interstitial pressure, and blood vessel permeability, 
leading to enhanced chemotherapy delivery to tumor cells [ 32 ]. Prompted by the 
encouraging phase II results, two prospective randomized phase III trials, GOG- 
0218 and ICON7, were initiated to investigate the role of bevacizumab administered 
in combination with frontline chemotherapy and continued as single-agent mainte-
nance therapy. Both trials have reported that the addition of bevacizumab to 
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carboplatin and paclitaxel, followed by maintenance therapy with the anti-VEGF, 
signifi cantly prolongs PFS. The double-blind, placebo-controlled randomized phase 
III GOG-0218 trial included 1873 patients with stage III (incompletely resected) or 
stage IV (any surgical outcome) epithelial ovarian, primary peritoneal, or fallopian 
tube cancer [ 12 ]. Patients were randomized to receive carboplatin plus paclitaxel for 
six cycles (arm 1/control), or the same regimen for six cycles plus bevacizumab 
(15 mg/kg q3w) for fi ve cycles (i.e., concomitantly with chemotherapy, arm 2), or 
the same chemotherapy for six cycles and bevacizumab (15 mg/kg q3w) for 22 
cycles (i.e., concomitant with chemotherapy followed by maintenance, arm 3). The 
two bevacizumab-containing arms were both compared with the control arm. PFS 
was the primary endpoint. As expected, at a median follow-up of 17.4 months, a 
statistically signifi cant improvement in PFS was seen from the addition of bevaci-
zumab concurrently and as maintenance therapy up to overall 15 months of therapy, 
when compared to chemotherapy alone (10.3 vs. 14.1 months; HR, 0.72; 95 % CI, 
0.63–0.83;  p  <0.001). It is worth of mentioning that the maximum convergence 
between PFS survival curves was at 15 months, which is the protocol-defi ned point 
where bevacizumab therapy was stopped. Subgroup analyses showed that the PFS 
benefi t was maintained in all subgroups evaluated (disease stage, residual disease, 
histological subtype, tumor grade, age, and performance status). The median OS 
was 40.6, 38.8, and 43.8 months, respectively, for the control group, the concomitant- 
only bevacizumab group, and the concomitant and maintenance bevacizumab group 
[ 66 ]. A possible confounding factor, affecting overall survival analysis, is the higher 
crossover to bevacizumab in subsequent lines (28 % in the control arm vs. 15 % in 
arm 3). Of note, in the subgroup of patients with stage IV disease, who have a 
poorer prognosis and thus shorter post-progression survival, an exploratory analysis 
showed an HR for OS of 0.72 (95 % CI, 0.53–0.97), favoring bevacizumab. The 
ICON7 trial was a randomized phase III trial that recruited 1528 patients with high- 
risk early-stage disease or advanced-stage EOC. Patients received conventional car-
boplatin plus paclitaxel for six cycles or the same treatment plus bevacizumab 
(7.5 mg/kg q3w) during chemotherapy, with bevacizumab monotherapy continuing 
for an additional 36 weeks. The results of this open-label trial are consistent with 
those of GOG 0218, showing an improvement of PFS [ 58 ]. At a median follow-up 
of 28 months, there was only a 1.7 months of difference in the bevacizumab group 
(HR, 0.81; 95 % CI, 0.70–0.94), PFS was 17.3 months in the control arm and 
19.8 months in the bevacizumab arm, with clear evidence of non-proportional haz-
ards ( p  < 0.001). Interestingly, once again the maximum separation of the PFS 
curves occurred at around 12 months, corresponding with the time where bevaci-
zumab was discontinued, but the curves fi nally converged at 22 months. At the fi nal 
OS analysis, there was no difference in OS between treatment arms. The HR was 
0.99 (95 % CI 0.85–1.14), with median OS of 58.6 months in the chemotherapy- 
alone group and 58.0 months in the bevacizumab arm [ 56 ]. The overall benefi t seen 
in ICON7 was less marked than in the GOG 0218 study due to the inclusion of a 
large proportion of patients with earlier-stage and lower-risk disease. As the ICON7 
trial included patients with early-stage ovarian cancer (18 % of the population stages 
I and II), a subgroup analysis of PFS was undertaken focusing on patients consid-
ered to be at high risk of progression, predefi ned in this study as FIGO stage III with 
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residual disease >1 cm or stage IV with any surgical debulking. In patients subcat-
egorized as high risk for disease progression, median PFS improved from 10.5 to 
15.9 months with addition of bevacizumab (HR, 0.68; 95 % CI, 0.55–0.85;  p  < 0.001) 
[ 58 ]. On the basis of these results, the European Medicines Agency (EMA) in 
December 2011 approved bevacizumab use in fi rst-line treatment of advanced ovar-
ian cancer (FIGO IIIb–IV) in concomitance with carboplatin/paclitaxel for six 
cycles followed by bevacizumab at a dose of 15 mg/kg in a three- weekly mainte-
nance schedule for a total of 15 months. This approval was independent of the out-
come of initial surgery in terms of residual disease, except that patients with FIGO 
stage IIIa were excluded from the label. Additionally a recently published fi nal 
analysis of the ICON7 data revealed 4.8 months of survival advantage (34.5–
39.3 months,  p  = 0.03) with bevacizumab compared to standard treatment arm in 
patients with high-risk features, while no survival improvement was evident in the 
general study population [ 56 ]. 

 In the ICON7, the subgroup analysis was not planned at the time of trial design, 
but the “high-” and “low-risk” subgroups were subsequently identifi ed, after the 
presentation of the GOG218 primary analysis. This analysis was a post hoc sub-
group analysis and requires prospective validation before being accepted as a defi ni-
tive result. It is worth to be noted that a relevant proportion (about one third) of 
patients enrolled in the GOG218 trial had a residual disease after surgery not greater 
than 1 cm. According to the global result of the GOG218, also these patients can 
benefi t from the addition of bevacizumab to standard chemotherapy, and there was 
no suggestion of a differential effect in terms of PFS according to residual disease. 
These fi ndings have been confi rmed during the last ASCO meeting [ 13 ], where a 
recent update of the post hoc exploratory analysis of subgroups defi ned by stage and 
extent of residual disease at diagnosis was performed for the ICON 7 trial. At a 
prolonged follow-up, the PFS benefi t from bevacizumab observed in the ITT popu-
lation was seen consistently in all subgroups explored with an HR (95 % CI) of 0.77 
(0.59–0.99). These results were obtained irrespective of stage and residual tumor 
and, therefore, also in patients categorized as having “low-risk” tumor with the 
absence of any residual disease at the time of primary surgery. 

 Despite these results, there are still many open questions regarding the use of 
bevacizumab in EOC. It remains unclear whether patients would benefi t from its use 
as a fi rst-line treatment or whether the maintenance with bevacizumab should be 
prolonged beyond 15 months. The BOOST trial (ClinicalTrials.gov identifi er: 
NCT01462890) will hopefully address these questions. Several proposals have been 
done to identify molecular biomarkers able to guide the choice of treatment with 
bevacizumab in the different diseases where it is approved; to date, none of those 
proposed have been accepted in clinical practice. At ASCO 2014, Gourley et al. 
[ 27 ] presented the results of a 63-gene expression signature, which was applied to 
samples from the ICON7. Three major subgroups were identifi ed: two with angio-
genic gene upregulation and one with angiogenic gene repression and immune gene 
upregulation. The assay showed that for patients in the immune molecular subgroup 
(41 % of cases), the addition of bevacizumab resulted in worse PFS (HR: 1.73; 95 % 
CI: 1.12–2.68) and OS (HR: 2.0:95 % CI: 1.11–3.61) compared to chemotherapy 
alone. The hypothesis is that this subgroup having repressed angiogenesis-related 
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gene expression may benefi t less from bevacizumab. These results should be vali-
dated in additional datasets and laboratories. 

 Interesting biomarkers are currently under development as predictive factors of 
response to bevacizumab (e.g., circulating levels of Ang1 and Tie2) [ 5 ] and immune 
versus proangiogenic tumor molecular subgroups [ 27 ]. Several ongoing trials, 
including the MITO16/MANGO-2, are focused on these aspects, which aim to 
identify which patients could benefi t from treatment based on such molecular 
features. 

 Over the last decade, a number of new agents have shown evidence of antitumor 
activity in patients with ovarian carcinoma. Phase III trials have been conducted 
with oral tyrosine kinase inhibitors with antiangiogenic properties that target VEGF 
receptors 1, 2, and 3, platelet-derived growth factor receptors (PDGFR), and fi bro-
blast growth factor receptor (FGFR) [ 8 ,  24 ,  38 ,  44 ,  45 ]. Some of those target agents 
have been evaluated in fi rst-line studies. 

 Pazopanib is an oral, multikinase inhibitor of VEGFR-1, VEGFR-2, and 
VEGFR-3, PDGFR-α and PDGFR-ß, and c-Kit. The effectiveness of pazopanib as 
switch maintenance in ovarian cancer patients was studied in the AGO-OVAR 16, a 
phase III randomized study [ 20 ]. This trial addressed for the fi rst time a solely anti-
angiogenic maintenance therapy. Patients with stage II–IV disease who had not pro-
gressed after fi rst-line chemotherapy were randomized to receive pazopanib (800 mg 
p.o. once daily or placebo) subsequent to standard for fi rst-line chemotherapy with 
carboplatin and paclitaxel for up to 24 months. This study met its primary endpoint. 
A signifi cant improvement in PFS of 5.6 months for patients in the experimental 
arm was noted (median, 17.9 vs. 12.3 months; HR, 0.77; 95 % CI, 0.64–0.91; 
 p  = 0.002). There were no signifi cant differences between two groups in terms of OS 
in the second preplanned interim analysis (HR = 1.076,  p  = 0.4985). Due to a higher 
rate of grade 3 and 4 adverse events, mainly hypertension (30.8 %), neutropenia 
(9.9 %), liver-related toxicity (9.4 %), and diarrhea (8.2 %) reported in the pazo-
panib arm, about 30 % of patients discontinued treatment. Of note, it seems that 
pazopanib was more benefi cial in terms of PFS in non-Asian patients (HR = 0.69; 
median PFS benefi t, 5.9 months), in which pazopanib exerted a detrimental effect 
on OS (HR, 1.16). 

 Encouraging data come from another phase III trial, AGO-OVAR 12/LUME- 
OVAR- 1, that tested the activity as fi rst-line maintenance therapy of another multi-
target antiangiogenic agent nintedanib (BIBF 1120). It is an oral intracellular 
inhibitor that targets multiple receptor tyrosine kinases, including the VEGF, FGFR, 
and PDGFR. In this randomized phase III trial, a total of 1366 stage IIb–IV ovarian 
cancer patients were randomized after primary surgery to standard chemotherapy 
(carboplatin–paclitaxel) with placebo or nintedanib for six cycles and then followed 
by maintenance therapy with placebo or nintedanib for up to 120 weeks. The pri-
mary end point was median PFS that was higher in experimental arm with 16.6 
compared to 17.3 months (HR, 0.84; 95 % CI, 0.72–0.98;  p  = 0.024), and a greater 
benefi t was observed in the subgroup of “low-risk” patients (stages II–III and opti-
mally debulked) with a median PFS of 20.8 versus 27.1 months (HR = 0.75, 95 % 
CI = 0.61–0.92,  p  = 0.005). Of note, treatment-related toxicity was signifi cantly 
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increased in the nintedanib arm with predominantly hematologic and gastrointesti-
nal AEs (Grad ≥3 22 vs. 2 %) [ 19 ]. Although approval of this multikinase inhibitor 
is currently not expected, AGO-OVAR 12 trial highlighted the importance of toler-
ability in these phase III trials and of patient selection in structuring clinical trials. 
Also agents targeting the angiopoietin axis have been developed as antiangiogenic 
therapy in fi rst-line treatment of EOC. AMG 386 (trebananib), a peptibody inhibit-
ing the interaction of angiopoietin-1 and angiopoietin-2 to the Tie2 receptor, 
obtained promising results in phase II trials in relapsed setting (TRINOVA 1 trial) 
that have led to further exploration in the upfront treatment of EOC within the 
TRINOVA 3 trial. This phase III, double-blind study compares carboplatin/pacli-
taxel to trebananib in combination with standard chemotherapy followed by a sub-
sequent weekly trebananib maintenance therapy vs. placebo (AGO-OVAR 18, 
TRINOVA 3). The TRINOVA 3 trial has completed recruitment and is currently 
under follow-up.  

    Perspectives 

 Among the potential “druggable” molecular pathways related to ovarian cancer, 
one of the most promising is that of homologous recombination repair mechanism 
(HRD). The rationale for testing agents affecting these pathways in ovarian tumor 
is the observation that HRD defi ciency is present in almost 50 % of high-grade 
serous EOC, including 20 % of genetic disorders (17 % germline, 3 % somatic) 
linked to BRCA1 and BRCA2 genes [ 73 ]. HRD-defi cient tumors are particularly 
sensitive to platinum-based treatments. PARP family proteins are involved in sin-
gle-strand DNA break (SSB) repair and indirectly also in DSBs caused by the 
persistence of SSBs. Therefore, in tumors with HRD-defective pathway, the inac-
tivation of PARP1 enzyme causes cell death. This phenomenon is called “synthetic 
lethality” [ 42 ]. Given their demonstrated activity as single agents in the recurrent 
setting and based on the toxicity profi les that prevent the combination with chemo-
therapy, trials are investigating PARP inhibitors as maintenance treatment after 
chemotherapy rather than in combinations with antineoplastic drugs. Olaparib is 
the fi rst compound of the anti-PARP class and in 2014 obtained approval for ovar-
ian cancer in relapse both by the EMA and FDA. A phase III registration trial 
(SOLO 1) is ongoing (ClinicalTrials.gov identifi er: NCT01844986) with olaparib 
as maintenance treatment after fi rst-line chemotherapy in HGSOC with known 
BRCA germline mutation. Other PARP inhibitors are also under development, 
namely, niraparib (ClinicalTrials.gov identifi er: NCT01847274) and rucaparib 
(ClinicalTrials.gov identifi er: NCT01891344), both of which are currently being 
tested in platinum- sensitive recurrence and fi rst line. The effi cacy of PARP1 in 
patients with “BRCA- like” or “BRCaness” genetic profi ling is also a matter of 
future research. Encouraging data regarding the synergistic activity of the combi-
nation of antiangiogenic drugs and PARP inhibitors in the reccurrent setting 
prompted the PAOLA1 trial. This is  a European Network of Gynaecological 
Oncology Trial (ENGOT) trial testing in fi rst line the combination of bevacizumab 
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and olaparib in maintenance in patients having responded or with no evidence of 
disease after a fi rst-line treatment combining chemotherapy and bevacizumab [ 21 ].  

    Future Perspectives 

 The treatment of ovarian cancer remains challenging despite many advances in 
therapeutic options. There is still place for investigating better ways of scheduling 
known drugs and the results of ongoing trials over the next few years will further 
increase our knowledge about the optimal use of chemotherapy. 

 Molecular-targeted therapy is moving into earlier phases of treatment. There is 
need of a greater focus on identifying predictive markers of response to new bio-
logical agents. 

 More tailored therapies based on individual histological and biological charac-
teristics are expected to be developed in the years to come.     
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  9      Ovarian Cancer in the Elderly                     

     C.     Falandry    

    Abstract 
   Elderly patients represent an increasing proportion of ovarian cancer patients. 
While prognosis has improved in younger patients with treatment standardisa-
tion and new treatment strategies, age stays a strong predictor of poor survival 
in elderly patients and major heterogeneity in practices. This review sum-
marises current evidence, proposed treatment guidelines and future challenges 
for elderly ovarian cancer patients. It highlights the need for prospective spe-
cifi c data integrating assessment of geriatric covariates and patient-centred 
outcomes.  

      Introduction 

 Management of advanced ovarian cancer has been progressively standardised 
during last decades, as the association of an extensive debulking surgical step 
and adjuvant chemotherapy allowed overall survival rates to improve, with the 
median survival exceeding 35 months [ 1 ]. Nevertheless the reported overall sur-
vival of elderly patients, in population-based studies or even in randomised trials, 
is largely worse. These differences may be sometimes explained simply by a 
suboptimal management but also by excessive toxicities, leading to dose limita-
tions or treatment stoppage. In this context, standard treatment feasibility needed 
to be explored in elderly-specifi c populations and specifi c conclusions to be 
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drawn. An extensive effort has already been made, in order to explore both surgi-
cal and chemotherapic management in elderly populations. Nevertheless, highly 
variable populations have been depicted, starting with age defi nition (from over 
60 to over 75 and even 80).  

    Tumour Characteristics 

    Demographics 

 Ovarian cancer is the leading cause of death from gynaecological cancer in the 
Western world [ 2 ]. Incidence and mortality increase with age, with incidence 
peaking between 75 and 79 and mortality between 80 and 84. About half of the 
cases appear in women over the age of 65 years [ 3 ]. Age has been long recog-
nised as an independent prognostic factor for ovarian cancer [ 4 ,  5 ], and differ-
ences in survival rates have increased with treatment and management 
improvements [ 6 – 8 ].  

    Histopathologic Features 

 Advanced stages, i.e. FIGO stages III or IV, represent the majority of the cases of 
ovarian cancer and even more in the elderly population [ 9 ,  10 ]. This can be 
explained by an asymptomatic disease at early stages and a delay in clinic exami-
nations. Histo-prognostic features of ovarian cancer in the elderly subject are gen-
erally worse than in their younger counterparts: more advanced stages, mixed 
histology, and less differentiated tumours. High-grade serous carcinomas (HGSC) 
account for 70 % of them. On the contrary, low-grade serous carcinomas are rare 
in the elderly, frequently associated with a serous borderline tumour or corre-
sponding to a recurrent lesion after a diagnosis of borderline tumour. Clear cell 
carcinomas usually occur at a younger age than HGSC but may be seen in 10 % of 
the cases in elderly patients. Their prognosis at an advanced stage is worst than 
HGSC. 

 As ovarian cancer diagnosis is based on a histopathological examination, the 
question may frequently rise in the elderly, of whether a surgical exploration is 
needed, in order to provide sufficient material. In vulnerable patients for whom 
a laparoscopic exploration is contraindicated, a percutaneous peritoneal fine-
needle biopsy or even cytology of ascites may help in making the diagnosis of 
malignancy with a good accuracy (60 % sensitivity, 100 % specificity). An 
association of a radiologic pelvic mass, a compatible cytology and a CA125/
CEA ratio (cancer antigen 125/carcinoembryonic antigen) over 25 is usually 
accepted for the diagnosis of an epithelial ovarian cancer [ 11 ]. However, 
 cytology alone is not able to distinguish between different subtypes of 
carcinomas.  
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    A Worse Outcome with Different Origins 

 Age is an independent pejorative prognostic factor for survival [ 4 ,  5 ], and this differ-
ence has tended to worsen with time and technique improvement [ 6 – 8 ], which high-
lights the impact of age on treatment decisions, often considered as suboptimal. 

 The main improvements in the last fi ve decades in ovarian cancer management 
can be summarised as a surgical step – seeking to achieve the smallest tumour 
residue – and development of platinum-based poly-chemotherapy. The current 
accepted standard of care for patients newly diagnosed with advanced stage ovar-
ian cancer is optimal surgical debulking (i.e. no macroscopic residual disease) 
performed either upfront or in a delayed fashion by a trained gynaecologic oncol-
ogist [ 12 ,  13 ] and six cycles of platinum-taxane-based chemotherapy given either 
in adjuvant or neoadjuvant setting. Both surgery and chemotherapy outcomes 
have been studied in an elderly population. In both cases, some contradictions 
arise when comparing trial results – usually promoting standard treatments – and 
real-time practice, as it has been analysed from the SEER (Surveillance, 
Epidemiology and End Results) programme data and a study from the German 
AGO (Arbeitsgemeinschaft Gynaekologische Onkologie) collaborative group on 
“non-enrolled” patients. 

 This contradiction between theoretical standards, considered as feasible in 
selected elderly patients and real practice, illustrates the necessity, commonly 
accepted in geriatric oncology, to adapt the treatment plan based on a geriatric 
assessment. However, this necessity encounters three major diffi culties:

   First, and as in many oncogeriatric fi elds, elderly patients are either excluded from 
trials or selected within restrictive inclusion criteria favouring biased results and 
conclusions and also justifying some hesitations in applying standard treatments 
to vulnerable cancer patients. Indeed, in a SWOG (Southwest Oncology Group) 
retrospective analysis of 16,396 patients enrolled in 164 trials during the 1990s, 
increasing age appeared to be a limitation to trial enrolment [ 14 ]. In ovarian 
cancer, patients older than 65 years accounted for 30 % of trial-included patients 
while representing more than 48 % of the overall population of patients. In a 
survey from the US Food and Drug Administration comparing patients enrolled 
into registration trials for new drugs to SEER cancer demographics, only 9 % of 
cancer patients older than 75 years were included in clinical trials, while repre-
senting 31 % of the overall ovarian cancer patients [ 15 ].  

  Second, clinical trial including elderly patients rarely integrates a geriatric assess-
ment, leading to a restriction of inclusions due to either restrictive inclusion cri-
teria or self-restriction upon the “clinical look” of the investigators. Factors 
interfering with elderly patients’ inclusion into clinical trials have been exten-
sively reviewed and include physician’s perceptions, fear of time consumption, 
restrictive inclusion criteria notably on comorbid conditions or functional status 
or lack of social support [ 16 ,  17 ]. The “unenrolled” cohort of ovarian cancer 
patients of AGO were older than their “enrolled” counterparts (mean age 66.7 
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versus 57.2 years), and cancer management differed mainly on surgical debulk-
ing [ 18 ].  

  Lastly, specifi c trials on elderly patients are often small and non-comparative phase 
II trials and suffer from the heterogeneity of the geriatric covariates explored. In 
this context, results are often noncomparable, and guidelines may be diffi cult to 
elaborate.      

    Should Ovarian Cancer in the Elderly Be Considered 
a Specific Entity? 

    A Topic Gaining an Increasing Interest 

    The Research Area 
 Historically, fi rst elderly-specifi c data in ovarian cancer have been retrospective 
cohorts on surgical or chemotherapeutic management, subgroup analyses of ran-
domised trials or epidemiologic data. Since the end of last century, collaborative 
groups have developed prospective trials: the GINECO (Groupe d’investigateurs 
Nationaux pour l’Etude des Cancers de l’Ovaire et du sein) with the EWOT (Elderly 
Woman with Ovarian cancer Trials) programme and the MITO (Multicentre Italian 
Trial in Ovarian cancer) with MITO-5 study. During the plenary session of the 4th 
Ovarian Cancer Consensus Conference of the GCIG in 2011, the delegates reached 
the consensus that additional research involving elderly patients with ovarian cancer 
was imperative [ 19 ]. Recommendations for the design of future clinical trials were 
proposed:

    1.    Collaborative groups should promote the inclusion of elderly patients in pro-
spective trials by suppressing the upper age limit in the eligibility criteria, thus 
avoiding excessive exclusion and reducing selection bias.   

   2.    In randomised trials, elderly patients should be better identifi ed and evaluated, 
using parameters from the geriatric assessment and a priori planned predictive/
prognostic analyses after stratifi cation by age.   

   3.    Specifi c trials devoted to elderly patients are important because patients 
excluded from randomised trials have different characteristics and a poorer 
prognosis from those who are included, despite frequently receiving the same 
treatment (control arm). In addition, the so-called standard treatments recom-
mended in younger counterparts should be specifi cally evaluated in elderly 
patients presenting with criteria of vulnerability (signifi cant comorbidity, lack 
of autonomy, malnutrition or cognitive disorder). In this context, comprehen-
sive geriatric assessment parameters would help investigators discriminate 
patients at higher risk of toxicity and/or lower clinical benefi t due to a reduced 
life expectancy. Pharmacokinetic and other biological studies should be 
encouraged because specifi cities of elderly subjects regarding these parame-
ters are still unknown.    
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      Clinical Guidelines 
 In 2012, the Nice/Saint Paul de Vence 2012 clinical guidelines on ovarian cancer pro-
posed specifi c recommendations for elderly patients [ 22 ]. These French national guide-
lines are translated in this review (paragraphs 4.3 for surgery and 6.4 for chemotherapy). 
In 2015, NCCN (National Comprehensive Cancer Network) included in its version 
2.2015 the following updates for the clinical practice guidelines for ovarian cancer [ 23 ]: 

 “For the 2015 update, the NCCN panel added the weekly carboplatin/paclitaxel 
regimen and suggests considering the weekly regimen for elderly patients or those 
with poor PS based on the phase III MITO-7 trial. Note the carboplatin may also be 
used for neoadjuvant chemotherapy”. 

 “OV-B3 of 3 – the following intravenous regimen and footnote were added”:

•    Paclitaxel 60 mg/m 2  IV over 1 h plus carboplatin AUC2 IV over 30 min weekly 
for 18 weeks (category 1).  

•   Footnote “5”: “This regimen may be considered for elderly patients or those with 
poor performance status”.    

 In addition, the following general assumption was added: 
 “For elderly patients (>age 65) and/or those with comorbidities: 
 Elderly patients and those with comorbidities may be intolerant to the combina-

tion chemotherapy regimens recommended in these NCCN Guidelines. Single- 
agent platinum agents may be appropriate in selected patients. Algorithms have 
been developed for predicting chemotherapy toxicity (seen NCCN Guidelines for 
Older Adult Oncology)”. 

 To our knowledge, neither British NICE guidelines [ 20 ], German AGO 
(Arbeitsgemeinschaft Gynaekologische Onkologie) [ 21 ] nor other learned society 
mentioned specifi c recommendations for elderly patients.   

    Is a Geriatric Assessment Needed? For Which Purpose? 

 A comprehensive geriatric assessment has been for long recommended in elderly 
patients (more than 70) when considering any cancer treatment [ 24 ], as such a pro-
cedure increases global knowledge on the patient [ 25 ]. More recently, a screening 
procedure has been proposed, in order to exclude “fi t” patients, with a weak risk of 
geriatric problems, from an automatic geriatric assessment. The tools used for such 
a screening are diverse, G8 being currently considered as the best compromise for 
its sensitivity and specifi city thresholds ([ 26 ], Table  9.1 ). A G8 ≤ 14/17 implies the 
necessity for a comprehensive geriatric assessment and a geriatric intervention plan 
[ 27 ]. In the context of surgery, a specifi c assessment tool was developed 
(PACE = Preoperative Assessment of Cancer in the Elderly) which combines a pre- 
anaesthesia assessment tool (ASA), a comprehensive geriatric assessment, a screen-
ing of comorbidities (Satariano index) and a Brief Fatigue Inventory (BFI). This 
tool was able to identify a subgroup of patients with a high risk of 30 days morbi- 
mortality and long hospitalisation stay (see Sect.  4.2 ).
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        Surgical Strategies 

    Historical Controversies 

 Elderly ovarian cancer patients often undergo less radical surgery than their younger 
counterparts, even with equivalent comorbidities [ 29 ]. While maximum debulking 
surgery remains, during the platinum era, one of the most powerful determinants of 
survival in advanced ovarian cancer [ 30 ], the rate of complete surgery decreases 
with age [ 31 ]. In addition to age itself, reduced debulking contributes to the poorer 
outcome in elderly patients [ 31 ]. 

   Table 9.1    The G8 questionnaire   

 Items  Possible responses (score) 

 A  Has food intake declined over the past 3 
months due to loss of appetite, digestive 
problems, chewing or swallowing 
diffi culties? 

 0 = severe decrease in food intake 

 1 = moderate decrease in food intake 

 2 = no decrease in food intake 

 B  Weight loss during the last 3 months?  0 = weight loss >3 kg 

 1 = does not know 

 2 = weight loss between 1 and 3 kg 

 3 = no weight loss 

 C  Mobility?  0 = bed or chair bound 

 1 = able to get out of bed/chair but does not 
go out 

 2 = goes out 

 E  Neuropsychological problems?  0 = severe dementia or depression 

 1 = mild dementia 

 2 = no psychological problems 

 F  BMI? (weight in kg)/(height in m 2 )  0 = BMI <19 

 1 = BMI 19 to <21 

 2 = BMI 21 to <23 

 3 = BMI ≥23 

 H  Takes more than three prescription drugs 
per day? 

 0 = yes 

 1 = no 

 P  In comparison with other people of the 
same age, how does the patient consider his/
her health status? 

 0.0 = not as good 

 0.5 = does not know 

 1.0 = as good 

 2.0 = better 

 Age  0: >85 

 1: 80–85 

 2: <80 

  Total Score    0 – 17  

  Adapted from Bellera et al.  Ann Oncol  2012  
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 Nevertheless, according to many published series, age itself should not interfere 
with optimal surgical management. For some authors, in optimal surgical condi-
tions, maximal debulking rates are not decreased with age [ 29 ,  32 – 34 ]. In a retro-
spective cohort published by Bruchim et al. comparing management of 46 patients 
70 years or older to 143 younger patients, only 54.3 % of elderly patients had pri-
mary debulking surgical interventions compared to 84.5 % of the younger group 
( p  = 0.001), but age was not a limiting factor for optimal debulking in patients who 
underwent surgery (53 % vs. 54 % in old versus young groups) [ 33 ]. The same con-
clusions were drawn by Uyar et al. in a multi-institutional review of ovarian cancer 
management (131 elderly patients ≥70 years) and Wright et al. in a retrospective 
series (129 younger patients <70 and 46 ≥ 70) [ 29 ,  32 ]. In both studies, age had no 
impact on postoperative complication rates, and Wright found that younger and 
older groups had the same duration of hospital stay and survival [ 32 ]. For both 
Bruchim and Uyar studies, age had a signifi cant impact on platinum-based chemo-
therapy with higher rates of treatment-related toxicities (mainly haematological), 
dose reductions and treatment delays in the older group [ 29 ,  33 ]. Such non- 
signifi cant differences between elderly and non-elderly patients’ outcomes after 
surgery can be explained by signifi cant improvements in surgical techniques and 
perioperative intensive care during the 1980s that yielded to a decrease in periopera-
tive mortality from 8.9 % to 3.2 % in pre-planned surgical conditions [ 35 ]. 

 However, other series suggest a pejorative impact of age on both postoperative 
outcomes and quality of resection. As suggested by a GOG (Gynecologic Oncology 
Group) retrospective analysis of six clinical trials, even in standardised surgical 
procedures and on relatively selected patients, advancing age is associated with 
larger volumes of residual disease [ 5 ]. In a retrospective study on patients older than 
80 years, debulking surgery induced a 38 % risk of major postoperative morbidity 
and 11 % of death or prolonged hospitalisation, but most of them were discharged 
to home and were able to receive postoperative chemotherapy [ 36 ]. Moreover, opti-
mal debulking of less than 1 cm had a major impact on overall survival (32.5 months 
versus 3.5 months) but was achieved in only 25 % of the patients despite aggressive 
surgical effort. In another retrospective study (2001–2006) on 85 octogenarians 
patients, 86 % presented with advanced disease, 80 % had cytoreductive surgery and 
74 % were left with <1 cm residual disease. But death prior to hospital discharge and 
within 60 days of surgery occurred in, respectively, 13 % and 20 % of patients. 
Among patients who underwent surgery, 13 % were unable to receive planned adju-
vant therapy, 22 % were treated with single-agent platinum and 37 % completed less 
than three cycles of chemotherapy. This led the authors to conclude that patients 
over 80 years may not tolerate combination surgery and chemotherapy and that the 
high proportion of postoperative complications and deaths argues for a more 
 prudent approach to management in this group of patients [ 37 ]. Similar conclusions 
can be driven from a population-based cohort performed during the 1990–2000 
time period. Short-term outcomes of 168 octogenarians were compared to those of 
2249 younger patients. Octogenarian patients were signifi cantly more likely to have 
a longer hospital stay (median 10 days vs. 7 days,  p  < 0.0001) and a 2.3-fold higher 
30-day mortality rate (5.4 % vs. 2.4 %,  p  = 0.036) [ 38 ]. 
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 More globally and according to the SEER cancer statistic reviews, age remains 
the most predictive factor for suboptimal surgical management. Optimal surgical 
procedures were performed in 43.7 % of patients <60, 29.5 % between 60 and 79 
years and 21.7 % ≥80 years between 1973 and 1999 [ 3 ]. Similar rates (21 % and 
40 %, respectively) have been observed in two successive phase II trials from the 
French GINECO group, designed for analysing the feasibility of two chemother-
apy regimens, the fi rst from 1998 to 2000 and the second from 2000 to 2003 [ 39 , 
 40 ]. Reasons for this suboptimal surgical treatment include fear of more advanced 
cancers at time of diagnosis, presence of comorbidities and some nonmedical fac-
tors such as socio-economic or racial origins [ 41 ,  42 ]. Elderly people also are 
more often cared for by nononcologists such as general surgeons and obstetri-
cians/gynaecologists [ 43 ] or in emergency conditions [ 38 ] for cancer complica-
tions (occlusion, perforation, infection) and are less likely to undergo surgery at a 
university hospital [ 38 ]. 

 According to 1995–2005 SEER database, among the 5475 women aged 65 and 
older who had primary debulking surgery for stage III or IV epithelial ovarian can-
cer, the overall 30-day mortality was 8.2 %, 5.6 % for those admitted electively and 
20.1 % for those admitted emergently. Risk factors among patients admitted elec-
tively were advancing age, increasing stage and comorbidities. A subgroup of 
patients at high risk of 30-day mortality (12.7 % [95 % CI 10.7–14.9 %]) was identi-
fi ed and included patients aged 75 or older with either a stage IV disease or a stage 
III disease and a comorbidity score of 1 or more [ 44 ]. 

 Finally, Jorgensen published in 2012 the results of a vast nationwide database 
evaluating the clinicians’ behaviours when facing ovarian cancer in the elderly in 
Denmark. During the 2005–2006 time period, patients aged 70 and older were 348 
and represented 36.2 % of the whole population of patients. Age ≥ 70 was indepen-
dently predictive of not receiving surgery (OR 0.2 [95 % CI 0.1–0.5]), not receiving 
a carboplatin–paclitaxel standard treatment (OR 0.03 [95 % CI 0.01–0.1]) and 
poorer PFS and OS. However, this unfavourable impact of age on outcomes ceased 
after 16 months. In addition, comorbidity was also independently predictive of both 
not receiving surgery (OR 0.2 [95 % CI 0.1–0.5]) and not receiving standard che-
motherapy (OR 0.03 [95 % CI 0.01–0.1]). 

 These controversial results after surgery and the surgeons’ frequent reluctance to 
undertake maximal cytoreductive surgery in vulnerable elderly patients led some 
teams to consider other management strategies, including secondary surgery (see 
Chap.   6    ).  

     Impact of Geriatric Parameters on Surgical Outcomes 

 In the context of high perioperative morbidity and mortality risks, another challeng-
ing question is the place of preoperative assessment. The elderly population should 
not be considered as a uniform but as a highly heterogeneous population, in which 
medical and functional assessments play a central role. 
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 In the large fi eld of surgical management of elderly patients, because of higher 
risks of postoperative morbi-mortality and longer hospital stays, some authors have 
considered the need for specifi c preoperative geriatric assessment tools. Some ret-
rospective analyses have identifi ed some covariates of interest, and low serum albu-
min levels before surgery are signifi cantly associated with suboptimal cytoreduction 
in univariate and with death in multivariate analyses, along with increasing age [ 45 ]. 
Comorbidities also impact on perioperative morbidity and mortality, as well as the 
specialty of the surgeon who undertakes the surgery [ 38 ]. 

 Since usually used preoperative assessments are not validated in geriatric can-
cer populations [ 46 ], Audisio et al. developed PACE (Preoperative Assessment of 
Cancer in the Elderly), a specifi c screening assessment [ 47 ] combining indices 
from geriatric and anaesthesia fi elds (a screening tool called CGA for 
“Comprehensive Geriatric Assessment”, the BFI or Brief Fatigue Index and ASA 
and Satariano indices). Its validation included 389 older patients, although inclu-
sion was restricted to patients having a MMS score ≥ 18 for ethical reasons, ren-
dering it diffi cult to extend to mild to moderate cognition defi cits. Some 
components of this mixed screening tool were predictive of 30-day morbidity and 
mortality and length of hospital postoperative stay – IADL (instrumental activi-
ties of daily living) score < 8, PS (performance status) > 1 and moderate to severe 
fatigue (BFI) score (>3) – yielding the authors to conclude that this screening tool 
should be used for future studies. 

 More recently, two articles explored the correlation between frailty screening 
tools and gynaecological cancer surgery outcomes in the elderly. Frailty is consid-
ered as a major topic in geriatrics, defi ned consensually as “a state of increased 
vulnerability to poor resolution of homeostasis after a stressor event, which 
increases the risk of adverse outcomes”, but a matter of debate considering its out-
lines. A fi rst theory interprets frailty as a multidomain phenotype due to the accu-
mulation of defi cits and/or comorbidities. This view favours an extensive 
comprehensive geriatric assessment and was evaluated using the modifi ed Frailty 
Index (mFI) developed by George et al. The mFI correlates with morbi-mortality 
after a gynaecological cancer surgery [ 48 ]. A second theory – called the pheno-
typic theory – interprets frailty as a special entity, closely linked to sarcopenia and 
denutrition [ 49 ]. According to this theory, some functional markers as the gait 
speed, fatigue and weight loss are more signifi cant markers. Such a view was 
favoured by Cesari et al., who demonstrated that Short Physical Performance 
Battery (SPPB), usual gait speed (UGS) and instrumental activities of daily living 
(IADL) score are the best predictors of elderly patients operated for gynaecologi-
cal cancers [ 50 ].  

    What Is it Recommended by Clinical Guidelines? 

 In their 2012 session, Nice/Saint Paul de Vence practical guidelines on ovarian 
 cancer have proposed the following recommendations: 
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       The Neoadjuvant Era 

 Controversial results on surgery patients and frequent reluctance of surgeons to 
perform cytoreductive surgery in vulnerable patients led some teams to discuss, 
specifi cally in the elderly population, the neoadjuvant approach. Non-elderly-
specifi c trials evaluated the place of a secondary cytoreduction after either a non-
maximal primary surgery (EORTC 55865 trial, [ 51 ]) or after a maximal primary 
debulking effort [ 52 ]. According to the EORTC 55971-NCIC trial, interval deb-
ulking surgery does not seem to worsen prognosis compared to primary debulking 
surgery and yields lower complications rates [ 53 ]. Although elderly people repre-
sented only a minority of those included in these trials, it is tempting to consider 

•    Whatever the patient’s age, the quality of cytoreductive surgery is a major 
prognostic factor  Level 1, Grade A.   

•   Its objective should be radical (R0).  
•   The surgical environment is fundamental. Its impact on perioperative mor-

bidity and mortality increases with age  Level 2, Grade B.   
•   It should imply:

 –    A trained surgeon  
 –   A reference centre  
 –   A scheduled surgery     

•   Nevertheless surgery should be used with caution:
 –    Age has a major impact on perioperative morbi-mortality.  
 –   The likelihood of R0 resection decreases with age.  
 –   It can jeopardise the execution of subsequent chemotherapy  Level 2.      

•   Preoperative rehabilitation (prehabilitation) comprises:
 –    Preoperative geriatric assessment  
 –   Preoperative nutrition (ESPEN guidelines)  
 –   Preoperative immunonutrition in all cases  
 –   Enteral nutrition 10–14 days before the procedure if severe malnutrition

  Level 1, Grade A.      
•   The intraoperative assessment is an important aid for decision and prog-

nostic evaluation.
 –    First laparoscopic  Professional agreement      

•   The objective of the FA of the support is to adapt the sequence surgery/
chemotherapy to the patient, avoiding the overtreatment but especially the 
under-treatment.  Professional agreement   

•   Some surgical procedures are to avoid:
 –    Simple exploratory laparotomy  
 –   Extended resections  
 –   Digestive stomias      
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this treatment as an alternative for vulnerable elderly patients with high initial 
tumour burden [ 54 ,  55 ]. According to retrospective data, neoadjuvant chemother-
apy is more systematic after 70 years (43.3 % versus 13.4 %,  p  < 0.001) [ 33 ]. It 
allows a decrease in postoperative complications but also chemo-induced toxici-
ties [ 56 ].  

    Chemotherapic Strategies 

    Historical Controversies 

 As with surgical management, some differences appear in the literature between 
dogma and real practice. During the fi rst randomised trials of the platinum era, 
elderly people were either excluded or selected on restrictive inclusion criteria. 
Nevertheless, some subgroup analyses were published, concluding that the chemo-
therapy protocols have similar risk benefi t ratios [ 57 ], with perhaps slightly 
increased hematotoxicity but decreased gastrointestinal secondary events, better 
quality of life during chemotherapy [ 58 ] and the same effi cacy [ 59 ,  60 ]. In a sub-
group analysis of the AGO-OVAR3 trial which recruited 103 patients over 70 years 
(median age: 73), there was no difference between elderly and younger patients in 
terms of paclitaxel, carboplatin or cisplatin dose intensity as well as chemotherapy 
tolerance and patient’s quality of life. Febrile neutropenia was more common in 
older subjects (5 % vs. 1 %,  p  = 0.005), and treatment was more often prematurely 
stopped [ 61 ]. Despite these increased limiting toxicities, in Eisenhaurer’s analysis 
of 108 patients older than 65 years, compared to 184 younger ones, treated between 
1998 and 2004 at the Memorial Sloan Kettering Cancer Centre, elderly patients 
demonstrated similar rates of initial response, platinum resistance, PFS and OS to 
younger patients [ 60 ]. Hershman et al. also concluded, from a population-based 
analysis of the SEER programme database, that even if only half of the patients 
over age 65 years were treated with platinum-based therapy, survival should 
improve by 38 % in this group, with similar benefi t rates as described among 
younger patients, justifying an increasing effort to treat elderly patients in a similar 
way to younger ones [ 59 ]. 

 Some controversies appeared from series of older and frailer patients. In 
Uyar’s analysis of treatment patterns by decades in elderly patients at a multi-
institutional level, 36 % of patients of 70–79 years and 41 % of patients over 80 
treated with platinum-based chemotherapy required dose reductions or termina-
tion of therapy [ 29 ]. In Bruchim’s retrospective cohort comparing cancer man-
agement of 46 patients over age 70 years to 143 younger ones, elderly patients 
had signifi cantly more haematological toxicities (75 % vs. 36.3 %;  p  = 0.001) and 
were more likely to have dose reductions and treatment delays (60 % vs. 22.4 %; 
 p  < 0.001, and 46.6 % vs. 19.1 %;  p  = 0.004, respectively) [ 33 ]. In Ceccaroni’s 
retrospective analysis of 148 patients over 70 years treated between 1990 and 
2000 (median age: 73) in Italian cancer centres, treatment delays over 7 days 
were often required (16.9 % of the cases) [ 62 ]. Villella drew the same conclusion 
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while comparing treatment delays of 31 patients over 70 years to 44 under 55 
treated between 1996 and 2001 at the Columbia University College of Physicians 
and Surgeons [ 63 ]. 

 In 2008, Pignata et al. reported the MITO-5 (Multicentre Italian Trial in Ovarian 
cancer) study, a phase II trial of 26 stage IC–IV ovarian cancer patients. It assessed 
the tolerance of a weekly carboplatin + paclitaxel schedule: carboplatin AUC 
2 + paclitaxel 60 mg/m 2  d1, d8, and d15 every 4 weeks. They included elderly 
patients, with a median age of 77, a signifi cant proportion of them having some 
ADL and/or IADL dependencies, although most were  PS  0 or 1 [ 64 ]. Only three 
limiting toxicities were observed (heart rhythm, prolonged haematological toxicity, 
liver transaminase increase), and four individuals developed grade 1 peripheral neu-
ropathy. Thus this weekly schedule appears currently to be an alternative to the 
usual carboplatin–paclitaxel standard regimen. 

 More recently, Pignata published a strictly weekly regimen of carboplatin AUC 
2 and paclitaxel 60 mg/m 2  during 18 weeks, in a nonspecifi cally geriatric population 
[ 65 ]. Despite the absence of demonstrated benefi t of the weekly arm, and perhaps 
an opposite trend in the older population (151 pts over 70), this regimen was consid-
ered in the last NCCN guidelines as an option in the elderly and/or patients with 
comorbid conditions [ 23 ]. 

 Considering the treatment of platinum-sensitive, cancer relapse, CALYPSO 
randomised clinical trial which compared a carboplatin + pegylated liposomal 
doxorubicin to a carboplatin + paclitaxel standard in platinum-sensitive relapse. 
In a subgroup analysis of patients older than 70 (median age: 73) who 
 represented 16 % of the whole populations of patients, an excess in grade 2 and 
over neuropathies was demonstrated in the carboplatin–paclitaxel treatment 
arm [ 66 ]. 

 To summarise, the real geriatric population is frequently excluded from large 
prospective studies due to either selective inclusion criteria or investigators’ 
reluctance to include elderly people in clinical trials. Chronological age, rather 
than distinct geriatric syndromes which may be reversible, seems the main 
 selection factor. While standard adjuvant chemotherapy with six cycles of car-
boplatin–paclitaxel [ 67 ,  68 ], is well described, real practice is different. 
Population-based studies, mainly from the SEER programme, showed a higher 
rate of monotherapies or even abstention from therapy in elderly people. 
According to the analysis of Sundarajan et al., using 1992–1996 SEER pro-
gramme data, abstention reached 17 % of patients over 65 years. Compared to 
the 65–69 age group, the odds ratio by age group for receiving therapy within 4 
months of diagnosis was 0.96 for patients 70–74 years, 0.65 for patients 75–79 
years, 0.24 for patients 80–84 years and 0.12 for patients over 85 years of age, 
showing a dramatic decrease of chemotherapy after 80 years. Reasons for sub-
optimal treatment include age itself [ 69 ], fear of comorbidities but also some 
nonmedical factors such as socio-economic or racial origin [ 70 ]. As previously 
explained, extensive surgical management itself seems to compromise 
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chemotherapy feasibility in vulnerable elderly people [ 29 ,  33 ], yielding 
some authors to consider either delayed surgical treatment or even surgical 
abstention [ 37 ].  

    Impact of Geriatric Parameters on Chemotherapy Completion 

 Since the subgroup analyses of large randomised trials frequently refl ect only a 
partial and biased picture of the real treatment tolerance in elderly people, since 
1997 the GINECO dedicated a specifi c programme to elderly ovarian cancer 
patients. Its fi rst purpose was to analyse the feasibility of some “standard” chemo-
therapies in the light of geriatric assessment, with as large inclusion criteria as pos-
sible ( PS  ≤ 3, absence of severe disease limitation, no cognitive exclusion criteria 
except patient’s inability to understand and accept treatment procedures). According 
to EWOT1 (1997–2000), which evaluated the feasibility of carboplatin cyclophos-
phamide, three factors were associated with decreased overall survival: depression 
( p  = 0.03), a FIGO stage IV disease ( p  = 0.043) and having six or more co- medications 
per day ( p  = 0.043). Three factors were predictive of a high toxicity risk: depression 
( p  = 0.006), ADL and IADL dependency ( p  = 0.048) and a PS ≥ 2 [ 40 ]. According to 
EWOT2 (2001–2004), which evaluated the treatment completion of six courses of 
standard carboplatin–paclitaxel, overall survival was correlated with a HADS score 
(Hospital Anxiety and Depression Scale) ≥15. In a combined analysis of both stud-
ies, four cofactors associated with a decrease in the prognosis were the existence of 
depressive disorders (HR = 5.11;  p  <0.001), a FIGO stage IV, an initial lymphopenia 
and the use of paclitaxel [ 39 ]. With the limit of a cautious interpretation of a retro-
spective analysis of a relatively small population, those data raised the (debated 
[ 71 ]) question of the usefulness of combining paclitaxel to platinum in elderly 
patients with advanced ovarian carcinoma, leading to EWOT3 (2007–2010), which 
evaluated the impact of psychogeriatric covariates on the outcomes of fi rst-line 
elderly ovarian cancer patients. This study led to the development of a geriatric 
vulnerability score (GVS), including ADL score < 6, IADL score <25, a serum albu-
min < 35 g/L, lymphopenia < 1G/L, a HADS score > 14. GVS is highly predictive of 
both decreased overall survival (median 11.5 months versus 21.7 months; HR 2.94 
[95 % CI 1.79–4.84],  p  < 0.0001) and treatment completion rates (65.5 % versus 
82.1 %; OR of 0.41 [95 % CI 0.17–0.99],  p  = 0.044). 

 Currently, two prospective studies are being recruiting:

•    GOG273 observational study was designed to evaluate the impact of a geri-
atric assessment on elderly patients’ quality of life study. In this three paral-
lel arms study, the investigators were free to propose, depending on their own 
decision, either a 3-week carboplatin AUC5 paclitaxel 135 mg/m 2  associa-
tion (regimen 1), a carboplatin monotherapy (regimen 2) or a 3-week carbo-
platin regimen  associated with weekly 60 mg/m 2  paclitaxel (regimen 3) [ 72 ]. 
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Preliminary data on regimen 1 and 2 cohorts have been presented and con-
cluded that the population included in regimen 2 cohort was more vulnerable 
and more prone to premature treatment stopping. However and even when 
prematurely stopped, chemotherapy tended to ameliorate patients’ quality of 
life [ 73 ].  

•   EWOC-1 [ 74 ]: Carboplatin ± Paclitaxel in Vulnerable Elderly Patients With 
Stage III-IV Advanced Ovarian Cancer. This international multicentre ran-
domised phase II trial will compare the success rate of delivering six courses of 
chemotherapy with evidence of effi cacy and without premature termination for 
progression, death or unacceptable toxicity of three different chemotherapy regi-
mens in a selected population of vulnerable elderly patients, defi ned as those 
with a GVS ≥ 3:
 –    Arm A: Paclitaxel 175 mg/m 2 /3 h IV and carboplatin AUC 5 IV every 

3 weeks  
 –   Arm B: Carboplatin monotherapy AUC 5 or 6 every 3 weeks  
 –   Arm C: Weekly paclitaxel 60 mg/m 2 /1 h and weekly carboplatin AUC 2 (d1, 

d8, and d15 every 4 weeks)        

    How to Deal with Targeted Therapies 

 There is currently no specifi c test for elderly patients, examining the effectiveness 
and safety of anti-angiogenic drugs. Neither ICON7 and GOG218 trials included 
upper age limit in terms of inclusion criteria; the median age of patients included 
was 57 and 60, with a maximum of 82 and 89 years in ICON7 and study of GOG, 
respectively. However, no specifi c analysis was reported for the subgroup of older 
patients and the impact of comorbidities, particularly cardiovascular, on their tol-
erability. Provided a careful assessment of comorbidities, its use seems possible, 
however, by analogy to other settings. Indeed, a study on 623 patients with lung 
cancer reported no additional bevacizumab-related toxicity after 65 [ 75 ]. Similar 
results were obtained in a pooled analysis of four randomised studies on colorec-
tal cancer, which showed no signifi cant increase of adverse events after 75 [ 76 ]. 
However, a recent-population-based analysis showed that bevacizumab was used 
commonly in breast, colon and lung cancer patients despite presenting contraindi-
cations to the drug, such circumstances concerning one third of the patients and 
leading to a high increase of complications rates compared to clinical trials [ 77 ]. 
Consequently, a careful benefi t/risk evaluation is recommended, as well as a sys-
temic monitoring for potential adverse events (hypertension, proteinuria, arterial 
and venous thromboembolic events) [ 78 ]. Subgroup analysis of elderly patients’ 
outcomes when treated with other antiangiogenics (pazopanib, nintedanib, cedira-
nib) is awaited.  

    What Is it Recommended by Clinical Guidelines? 

 Nice/Saint Paul de Vence 2012 clinical guidelines on ovarian cancer in the elderly 
have proposed the following recommendations: 
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       Elderly Specific Research: Current Directions 

 According to a recent review on how to design clinical trials in elderly patients with 
ovarian cancer, Pignata et al. proposed the following outline:

    1.    Limit retrospective – consequently biased – studies.   
   2.    In large prospective randomised trials, integrate a (limited) geriatric assessment 

of elderly patients to evaluate the impact of both age and geriatric covariates on 
treatment outcomes.   

    First-line chemotherapy 
•    Real-life data in elderly women:

 –    Increased abstention and monochemotherapies  
 –   Increased premature treatment stops  
 –   When performed, same effi cacy of chemotherapy     

•   Theoretical data (subgroup analyses):
 –    Paclitaxel carboplatin feasible in a selected population  
 –   Excess toxicities but even better quality of life and digestive tolerance     

•   Specifi c data (vulnerable populations)  
•   Good rates of treatment completion with:

 –    Carboplatin and cyclophosphamide  
 –   Carboplatin–paclitaxel AUC5 standard  
 –   AUC5 carboplatin  
 –   A protocol adapted from AUC2 carboplatin–paclitaxel 60 mg/m2 

3w/4 (MITO-5)     
•   In the absence of comparison, these protocols are treatment options     

  Level 2, Grade B  
   Targeted therapies in the adjuvant setting 

•    The available data are insuffi cient to make recommendations.  
•   Bevacizumab: no elderly-specifi c study (ICON7, GOG218)  
•   Necessary assessment of:

 –    Comorbidities (hypertension, cardiomyopathy, etc.)  
 –   Associated risk factors (history of arterial event, digestive 

anastomoses)        
   Chemotherapy after relapse 

•    No standardised attitude.  
•   Same recommendations as in the younger patients according to her con-

dition and her personal wishes.  
•   The decision depends on platinum-free interval:

 –    Platinum-sensitive disease: the carboplatin–pegylated liposomal 
doxycyclin association provides the same benefi t as in the younger 
patient (subgroup analysis).  

 –   Early relapse: no specifi c data  
 –   Prioritise support and supportive care.         

9 Ovarian Cancer in the Elderly



128

   3.    Integrate both a functional evaluation of the patients and QoL assessment.   
   4.    Consider assessment of each grade of toxicity, provided that even a grade 2 tox-

icity can induce decompensation in the elderly.   
   5.    Stratify patients by ages, comorbid conditions and functional status.   
   6.    Determine fi t, vulnerable and frail populations in order to evaluate in each group 

the feasibility of treatments.     

 Considering judgement criteria, overall survival but also disease-specifi c sur-
vival, QoL and functionality are the main end points to include, either as primary, 
co-primary or composite end points. 

 Finally, the authors highlighted the need for an enhanced multidisciplinary coop-
eration between geriatricians, medical oncologists and gynaecologic/oncologic sur-
geons [ 28 ]. 

   Conclusions 

 Despite demographics showing a higher incidence and mortality rates over the 
age of 70 years, ovarian cancer clinical trials have long restricted elderly 
patients’ inclusion either on inclusion criteria or even age limit. This led to a 
paradox: currently accepted standards have been established on included 
patients with a median age between 50 and 55, when median age is actually 
over 65 years in the Western world. In addition, many contradictions appear 
while analysing published trials on ovarian cancer in elderly individuals, since 
populations of interest have been highly heterogeneous and rarely character-
ised by geriatric parameters. A considerable work has been made during the 
last 20 years, in order to develop elderly-specifi c prospective trials. The chal-
lenge for oncologists is to explore this heterogeneity and to disentangle it on 
the basis of oncogeriatric assessment. This may reduce current barriers to 
elderly patients entering into clinical trials, lead to different treatment strate-
gies based on patients’ vulnerability and globally improve patients’ outcomes. 
A specifi c work has to be done, in order to adapt clinical end points to patients’ 
wills and goals.      
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and Systemic Treatments)                     

     Anne     Floquet       and     Jacobus     Pfisterer     

    Abstract 
   Relapses are an important part of epithelial ovarian cancer history due to the 
natural course of disease and due to inadequate primary treatment. Presently, fi rst 
relapse means an evolution towards a chronic disease. However, treatments at 
relapse as chemotherapy, targeted therapy and potentially surgery have substan-
tially prolonged life. So, it is of particular interest to give the patient the best 
strategy for a better life despite recurrences. Decision making is now mainly 
based on the expected chemosensitivity of the disease, which was refl ected until 
now by platinum-free interval. This has recently changed. It illustrates biological 
features of the tumour and host’s profi le such as immune and genetics character-
istics. Quality of life remains the cornerstone of treatment choice, and benefi t- 
risk balance evaluation should be the main goal for decision.  

      Introduction 

 Despite better well-defi ned fi rst-line treatment combining radical surgery [ 1 ] and 
chemotherapy with platinum and taxanes ± bevacizumab [ 2 ,  3 ], relapses of epithe-
lial ovarian carcinoma (EOC) are still a matter of concern. Approximately 70 % of 
patients treated for advanced EOC are facing relapses with a median progression- 
free survival around 18 months. Unfortunately, a patient who recurs from EOC 
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remains today incurable, making the situation as a chronic disease [ 4 ]. Nonetheless, 
different chemotherapy regimens have contributed to substantially prolong survival 
as shown by the AGO-GINECO analysis from their three randomised phase III 
studies which concluded that a maximum of three lines of subsequent relapse treat-
ments may be benefi cial in case of recurrent ovarian carcinoma [ 5 ]. The place of 
surgery for selected cases is still to be proven. Prognosis at relapse is mainly domi-
nated by chemosensitivity of the tumour which is a refl ection of biological features 
of the tumour and of its environment. The delay of recurrence from the end of fi rst- 
line platinum-based treatment is the major prognostic factor. The choice of chemo-
therapy modalities depends on several factors such as platinum-free interval (PFI), 
persistent side effects of prior treatments, schedules, and toxicity profi les of next 
therapies and patient preferences [ 6 ]. Figure  10.1  highlights the main decision cri-
teria. The results showed by recent trials with new targeted therapies such as anti- 
angiogenic agents or PARP inhibitors (which will not be discussed here) have 
redefi ned the landscape of new strategies for dealing with relapses. However, these 
trials are most of the time designed for fi rst, second and eventually third relapses, 
and very few evidence-based data are available beyond.

       When Should the Relapse Be Treated? 

 In most of cases, CA 125 elevation is the fi rst signal of recurrence; it can be observed 
some months before clinical symptoms or radiological signs. It remains diffi cult in 
routine practice to know if a treatment has to be immediately initiated. The MRC 
OV05/EORTC 55955 addressed this question in a randomised trial comparing early 
versus delayed treatments in case of asymptomatic rising of CA125. No difference 
was observed in overall survival (OS) in the delayed treatment group (median 
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delayed time: 4.8 months) in comparison with the earlier treated one; furthermore, 
the quality of life in the delayed group was better [ 7 ]. Since the results of that study, 
there have been a lot of debates on the needs to better document the recurrence 
(particularly with PET CT), to explore the role of surgery and to evaluate the role of 
alternative treatments to chemotherapy in such a situation. However, it is commonly 
assumed that raised CA125 alone is not suffi cient to systematically recommend 
treatment.  

    Platinum-Free Interval 

 Until now, mainly for clinical trial design, relapses have been defi ned according to 
time spent between end of the last platinum-based chemotherapy and detection of 
recurrence, which is called “platinum-free interval (PFI)”. Then relapses are named 
as platinum refractory (0–3 months), platinum resistant (<6 months), platinum par-
tially sensitive (6–12 months) and platinum sensitive (>12 months) [ 8 ]. These defi -
nitions are meant to move on with better knowledge on biological behaviour of each 
tumour. The introduction of non-platinum chemo regimens and targeted therapies 
may also jeopardise these predefi ned intervals. They are currently being discussed 
(5th Ovarian Carcinoma Consensus Conference, Tokyo, November 2015) and are 
awaiting publication. It seems that we may consider only early and delayed relapses 
as a refl ection of tumour ability to respond to subsequent medical treatments. The 
delay of relapse is also an important criterion to select patient amenable to surgery.  

    Surgery at Relapse 

 Surgery at relapse is commonly performed in routine practice based on some retro-
spective data [ 9 ,  10 ]. It usually concerns fi rst relapses with low volume, accessible 
anatomical sites and long treatment-free interval. Disease-free interval is the most 
important prognostic factor at relapse; more than 6 months is generally mandatory 
to consider secondary cytoreductive surgery (SCS) [ 11 ]. The later the relapse, the 
better the benefi t of surgery seems to be; however, the best disease-free interval to 
indicate surgery was not well established. A meta-analysis with heterogeneous and 
retrospective studies has shown correlation between residual disease after surgery 
and overall survival [ 12 ,  13 ]. There are no evidence-based phase III results to vali-
date this routine practice, and the place of SCS remains to be defi ned yet. The 
Fourth Ovarian Cancer Consensus Meeting recommendations were that a complete 
resection must be the main objective of a trial designed to access surgery at relapse 
[ 14 ]. Two prospective trials have addressed this issue, the DESKTOP III trial and 
GOG 0213, at fi rst relapse beyond 6 months. These two trials compare platinum- 
based chemotherapy with or without SCS with the aim of no residual disease. Their 
principal objective is overall survival. Selection criteria for SCS were studied by the 
Arbeitsgemeinschaft Gynakologische Onkologie (AGO) group in two consecutive 
studies. The DESKTOP I trial validated a score to identify patients who can benefi t 
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from the surgical approach [ 15 ]. This score has three items: it is positive if the pri-
mary surgery was complete, patient performance status is good and there is no asci-
tes. In every other situation, the score is negative. The DESKTOP II trial prospectively 
validated the impact of a positive AGO score to obtain a complete resection at 
relapse [ 16 ]. Finally, the DESTKTOP III randomised trial was designed to compare, 
in case of relapse beyond 6 months and positive AGO score, surgery followed by 
platinum-based chemotherapy versus platinum-based chemotherapy alone. GOG 
0213 trial shared the same main selection criteria. These two prospective trials are 
closed, and results are awaited in the next years.  

    Early Relapse 

 They are defi ned by relapses during fi rst-line treatment or in the few following 
months. They are called refractory (0–3 months after) or resistant (3–6 months 
after). But platinum resistance is the fi nal event of all relapses of EOC. As such, 
they represent a very heterogeneous group of various biological tumour behaviours. 
They are diffi cult to treat due to the lack of response to chemotherapy, and for the 
more previously treated patients, persistence of side effects can be limiting. In these 
bad prognosis situations, the main objective of treatment is to give the best effi cacy, 
and, as it is uncertain, attention must be focused on toxicity profi le. The recommen-
dation in this situation is not to reintroduce platinum especially for refractory 
relapses. However, in case of platinum-resistant disease, some reports mentioned 
responses to platinum-based chemotherapy [ 17 ,  18 ]; it is for sure a way to investi-
gate further. Combinations of chemotherapy are not superior to monotherapy and 
responsible of more side effects. The main available drugs are represented by 
weekly paclitaxel, liposomal doxorubicin, topotecan and gemcitabine [ 19 – 23 ]. 
These four drugs offer similar objective responses rates (10–20 %), median 
progression- free survival (PFS) (3–4 months) and OS (around 12 months) with dif-
ferent toxicity profi les. The AURELIA trial evaluated in a phase III randomised trial 
the addition of bevacizumab to chemotherapy versus chemotherapy alone in fi rst or 
second relapses of EOC. Chemotherapy was according to investigator’s choice 
weekly paclitaxel, topotecan or pegylated liposomal doxorubicin. After completion 
of chemotherapy, bevacizumab was given in maintenance until progression or toxic-
ity. Better responses (27.3 versus 11.8 %,  p  = 0.001) and PFS (HR 0.48; 95 % CI 
0.38–0.60;  p  <0.001) were observed with chemotherapy associated with bevaci-
zumab [ 24 ]. Median PFS was 6.7 months with chemotherapy plus bevacizumab 
versus 3.4 months with chemotherapy alone. Responses were of particular interest 
in cases of ascites with a signifi cant impact in reductions of paracentesis needs. 
Combination of chemotherapy and bevacizumab was associated with improvement 
of symptoms as evaluated by patient-reported outcomes [ 25 ]. No benefi t was 
observed in OS. Bevacizumab (Avastin™) was licensed in this setting. 

 Other anti-angiogenic agents (trebananib, pazopanib, nintedanib, cediranib) 
showed some effi cacy in phase II or III studies but none has been licensed yet [ 26 – 29 ]. 
The phase III trial TRINOVA 1 [ 26 ] compared weekly paclitaxel + trebananib (P + T) 
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or placebo (P) in recurrent EOC with PFI <12 months and less than three previous 
lines of chemotherapy. The results showed a better PFS with weekly paclitaxel associ-
ated with trebananib (HR 0.66; 95 % CI 0.57–0.77;  p  <0.001) 7.2 months versus 
5.4 months. They also interestingly displayed a benefi t in OS in the subgroup with 
ascites. In this case, with a median follow-up of 17.7 m, the median OS was 14.5 m 
(P + T) versus 12.3 m with P alone (HR = 0.72, 95 % CI 0.55–0.93;  p  = 0.011) [ 30 ]. No 
benefi t was observed in OS in the intent to treat population as in previous studies with 
bevacizumab. The mechanism of action of trebananib is very different from monoclo-
nal vascular endothelial growth factor antibody bevacizumab. It is a peptibody 
(Fc-peptide fusion molecule) blocking binding of angiopoietins Ang1/2 to the Tie 2 
receptor. The toxicity profi le is also different with mainly oedema, ascites and pleural 
effusion and less cardiovascular and renal effects.  

    Relapses After 6 Months 

 They are called platinum sensitive [ 31 ,  32 ] and generally more responsive to che-
motherapy. Chemosensitivity is supposed to increase with the widening of the inter-
val. For fi rst relapse, platinum-based chemotherapy is still the most active agents 
with comparable effi cacy of cisplatin and carboplatin [ 33 ,  34 ] but with a toxicity 
profi le in favour of carboplatin. Combination of carboplatin with a second drug 
(paclitaxel, gemcitabine, pegylated liposomal doxorubicin) has shown better effi -
cacy than platinum monotherapy; it also gives more manageable side effects [ 32 , 
 35 ,  36 ] depending on the second associated drug. A meta-analysis published in 
2013, using individual patient data, demonstrated with inclusion of four randomised 
trials (exploring platinum monotherapy versus platinum combination) and 1300 
patients, the superiority of the platinum combination in terms of PFS (HR = 0.68; 
95 % CI 0.57–0.81;  p  < 0.001) and OS (HR = 0.80; 95 % CI 0.64–1.00;  p  = 0.05) 
[ 37 ]. As patients will be exposed to subsequent lines of chemotherapy, the issue of 
tolerance must be kept in mind in order to avoid excessive or cumulative toxicities. 
The CALYPSO trial [ 36 ] compared carboplatin plus 3 weekly paclitaxel and carbo-
platin plus pegylated liposomal doxorubicin. It was designed as a non- inferiority 
trial. The results showed a better PFS for platinum-pegylated liposomal doxorubicin 
(HR 0.82, 95 % CI 0.72–0.94) with better toxicity profi le and less discontinuing of 
treatment. 

 Some have explored an artifi cial extension of PFI by delivering a non-platinum- 
based chemotherapy. The OVA 301 trial compared a population of relapsing EOC 
regardless of PFI in a phase III randomised study pegylated liposomal doxorubicin 
alone or in combination with a new drug named trabectedin [ 38 ]. Trabectedin is a 
new compound with original antineoplastic properties, the best known being the 
possibility to bind DNA minor groove. The results showed for platinum-sensitive 
patients an improved PFS with the combination (HR 0.73; CI 95 % 0.56–0.95; 
 p  = 0.0170) and better objective response rate 35.3 % versus 22.6 %. Observed tox-
icities with the combination were mainly neutropenia, grade ¾ transaminase tran-
sient elevations. Meaningful results were observed in the partially platinum-sensitive 
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population (PFI between 6 and 12 months) in which rechallenging with platinum- 
based chemotherapy could be diffi cult or not wished. PFS was improved in the 
combination arm (HR = 0.65 CI 95 % 0.45–0.92) as well as OS (HR = 0.59; CI 95 % 
0.43–0.82) [ 39 ]. To defi nitively confi rm this concept, a prospective trial was 
designed, INOVATYON trial, in the partially platinum-sensitive population, com-
paring platinum-based chemotherapy with PLD-carboplatin with crossover at pro-
gression. This study is still ongoing. 

 More recently, the place of bevacizumab was evaluated in a phase III randomised 
trial (OCEANS) comparing the doublet carboplatin-gemcitabine with (experimen-
tal arm) or without bevacizumab (standard arm) for patients bevacizumab naive 
[ 40 ]. Bevacizumab was given during chemotherapy then in maintenance until pro-
gression or unacceptable toxicity. The study met its primary objective, PFS increased 
in the chemo-bevacizumab arm with 12.4 months versus 8.4 months (HR 0.484; 
95 % CI 0.388–0.605;  p  <0.0001). The objective response rate was also signifi cantly 
improved: 78.5 versus 57.4 % ( p  <0.0001). However, no benefi t was seen in 
OS. Treatment was well tolerated with no new signal. No gastrointestinal perfora-
tion was observed. The main grade 3 or more toxicities were hypertension (17.4 
versus 0.4 %) and proteinuria (8.5 versus 0.9 %). In Europe, these results led the 
license of bevacizumab (Avastin™) in association with carboplatin-gemcitabine in 
this setting. However, bevacizumab was already indicated in primary treatment in 
association with carboplatin-paclitaxel combination in advanced EOC. There is no 
data concerning benefi t of bevacizumab rechallenging in relapsed EOC. That 
hypothesis is tested in an ongoing Italian phase III trial (MITO 16 study) comparing 
platinum-based chemotherapy (carbo-paclitaxel, carbo-gemcitabine or carbo- 
pegylated liposomal doxorubicin) with or without bevacizumab. 

 Another anti-angiogenic compound has been evaluated in late recurrences. The 
ICON 6 trial compared in a randomised phase III, cediranib during platinum-based 
chemotherapy followed by cediranib in maintenance for 18 months versus cediranib 
during platinum-based chemotherapy followed by placebo in maintenance during 
the same duration versus platinum-based chemotherapy with placebo. The results 
demonstrated a better PFS (HR 0.56; 95 % CI 0.44–0.72;  p  < 0.0001), OS data are 
immature yet (HR 0.77; 95 % CI 0.55–1.07;  p   = 0.11) in arm with cediranib during 
chemotherapy and in maintenance in comparison to the standard arm with chemo-
therapy alone [ 41 ]. The main side effects were hypertension, fatigue, nausea and 
diarrhoea. 

 Cediranib is a small oral molecule VEGF receptor tyrosine kinase inhibitor, 
which also inhibits both platelet-derived and fi broblast growth factor receptors, 
explaining the different toxicity profi le. 

 This new compound was recently assessed in a randomised phase II in associa-
tion with olaparib versus olaparib alone in 86 patients with a platinum-sensitive 
ovarian cancer relapse. This “all oral no-chemo doublet” showed impressive 
results in term of effi cacy: PFS was extended by 8.7 m (9 m with olaparib alone 
versus 17.7 m with the combination). The improvement was observed regardless 
of germinal BRCA status. Toxicity was signifi cant with mainly grade 3/4 hyper-
tension, fatigue and diarrhoea [ 42 ]. The place of such combination remains to be 
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evaluated on larger population. Olaparib belongs to PARP inhibitors family and is 
so far the most evaluated agent. Olaparib (Lynparza™) was licensed in Europe, in 
platinum- sensitive relapse of m BRCA serous ovarian cancer, in case of response 
to platinum- based chemotherapy, following the results of Study 19 [ 43 ]. This 
phase II randomised study compared, after good response to platinum-based che-
motherapy, treatment by olaparib 400 mg twice a day (introduced after the che-
motherapy) versus placebo in 265 women with platinum-sensitive relapse: adding 
olaparib showed a benefi t. In that study, 51 % of patients had germinal or somatic 
BRCA mutations. The benefi t of olaparib was greater in the mBRCA group with 
a reduced risk of progression of 82 % (HR 0.18; 95 % CI 0.11–0.31,  p  <0.00001). 
The median PFS was 11.2 m in the mBRCA group versus 4.3 m for the others. 
However, data for OS are not mature yet. 

   Conclusion 

 Besides old classic drugs, the availability of new-targeted ones such as anti- 
angiogenic agents expands the perspective of treatments in relapsed epithelial 
ovarian carcinoma. Many other compounds are currently being assessed, espe-
cially PARP inhibitors. Actually, the identifi cation of homologous recombina-
tion repair pathway defects and the implication of BRCA genes in ovarian 
carcinoma have offered new perspectives for prevention and treatment in these 
last 10 years. Surgery may be another chance for selected patients. The challenge 
in the near future is to fi nd selection criteria to avoid undue side effects and then 
offer the patients longer and better quality of life. For the moment, we are lack-
ing routine tests to evaluate chemo-sensibility or resistance of tumours, and the 
more used criterion remains platinum-free interval. This is susceptible to move 
on with the idea of continuum in the biological history of the tumour, the intro-
duction of non-platinum chemo regimens and targeted therapies especially if 
they are given in maintenance setting.      
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    Abstract 
   Recent advances in understanding the role of the immune system in ovarian can-
cer have culminated in the introduction of multiple promising immunotherapeu-
tic treatment strategies. These include the adoptive transfer of immune effectors 
such as monoclonal antibodies and T cells, vaccination, and immunomodulatory 
therapy. In this chapter, we discuss the various therapeutic strategies, their mech-
anisms of action, and their key clinical trials in ovarian cancer. We also highlight 
promising combinatorial treatment regimens and present the challenges that are 
being critically addressed by clinicians and researchers to enhance the effi cacy of 
immunotherapy.  

       Introduction 

 Recent advances in understanding the role of the immune system in ovarian cancer 
have culminated in the introduction of multiple promising immunotherapeutic treat-
ment strategies. Mounting clinical evidence suggested that ovarian cancers are 
immunogenic, with the early observation that patients with tumor-infi ltrating CD3 +  
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T cells had improved responses to chemotherapy and increased overall survival [ 1 ]. 
Other studies subsequently confi rmed tumor-infi ltrating lymphocytes (TILs), spe-
cifi cally CD8 T cells, as predictors of favorable clinical outcome [ 2 – 4 ]. On the other 
hand, the presence of immunosuppressive CD4 + CD25 + Foxp3 +  regulatory T cells 
(Tregs) in tumors correlated with poor outcome [ 5 ]. Furthermore, several tumor- 
associated antigens (TAAs) recognized by peripheral blood T cells or TILs have 
been identifi ed, including mutated cell cycle regulatory proteins (p53), cancer-testis 
antigens (NY-ESO-1), cancer antigens (CA-125), growth-activating receptors 
(EGFR and HER2/neu), and folate receptors (folate receptor alpha, FRα) [ 6 – 9 ]. 
These TAAs serve not only as markers of disease progression but also as potential 
therapeutic targets for several immunotherapies. Lastly, the expression of immune 
inhibitory receptors such as programmed death 1 (PD-1) on TILs and its ligand 
(PD-L1) on tumor cells has created opportunities for combination therapies with 
checkpoint inhibitors [ 10 – 12 ]. 

 This book chapter will review various immunotherapeutic approaches, their 
mechanisms of action, and their key clinical trials in ovarian cancer. Therapeutic 
strategies are divided into three categories: adoptive transfer of immune effectors, 
vaccination, and immunomodulatory therapy.  

    Immunotherapies for Ovarian Cancer 

    Adoptive Transfer of Immune Effectors 

 Immune effectors employed in adoptive transfer include monoclonal antibodies 
(mAbs) against antigenic targets expressed by tumor cells or within the tumor 
microenvironment, as well as autologous or allogeneic antitumor T cells (also 
known as adoptive T-cell therapy or ACT). Both of these approaches bypass the 
need for in vivo antigen presentation and immune effector proliferation [ 13 ]. 

    Monoclonal Antibodies (mAbs) 
 With the US Food and Drug Administration (FDA) approval of rituximab (anti-
 CD20) in 1997 for chemotherapy-resistant non-Hodgkin lymphoma, a new era of 
cancer therapy dawned. The FDA has since approved more than 20 mAbs for clini-
cal use in oncologic care. Based on their antigenic target, mAbs can be classifi ed 
into mAbs that target tumor cells (direct tumor cell killers), mAbs that target the 
tumor microenvironment (TME) (TME modifi ers), and mAbs that target immune 
checkpoints (checkpoint inhibitors), among others [ 14 ,  15 ]. mAbs have shown 
promise in ovarian cancer and are increasingly being examined in clinical trials. The 
latter category of mAbs (checkpoint inhibitors) will be discussed in section 
“ Depleting Tregs ”. 

 In addition to neutralizing the function of their antigenic targets by inhibiting 
their signaling pathways (such as tumor growth and angiogenesis), mAbs can mod-
ulate the immune response against tumor cells, such as increasing dendritic cell 
(DC) maturation, priming effector cells (T cells and natural killer “NK” cells), and 
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activating complement-dependent cytotoxicity (CDC) and antibody-dependent cell-
mediated cytotoxicity (ADCC) pathways. Conjugation to antineoplastic toxins in 
antibody-drug conjugates (ADCs) bestows additional cytotoxic activity to mAbs 
and allows more precise delivery of chemotherapy following their binding to target 
antigen and subsequent internalization into tumor cells [ 16 ,  17 ]. 

   mAbs Targeting Tumor Cells 

   Anti-EGFR (Cetuximab and Panitumumab) 
 The epidermal growth factor receptor (EGFR) is overexpressed by 9–62 % of ovar-
ian cancers and has been associated with high tumor grade and poor patient out-
come [ 18 ]. Cetuximab (Erbitux®, BMS and Eli Lilly) is an FDA-approved chimeric 
IgG1 mAb that binds to the extracellular domain of EGFR, preventing EGFR sig-
naling and promoting receptor internalization and ubiquitin-mediated degradation 
[ 19 ,  20 ]. Single-agent studies of cetuximab reported minimal activity. In a phase II 
trial of weekly cetuximab monotherapy in patients with persistent/recurrent ovarian 
or primary peritoneal carcinoma, none of the 25 patients achieved complete response 
(CR), 9 patients had stable disease (SD), and only one patient achieved a partial 
response (PR) [ 21 ]. On the other hand, cetuximab in combination with chemother-
apy showed only modest activity. In a phase II trial of cetuximab and carboplatin in 
patients with relapsed, platinum-sensitive ovarian cancer, 9 of the 26 patients with 
EGFR-positive tumors developed an objective response (OR) and eight had 
SD. Additionally, response to this treatment regimen did not correlate with tumor 
EGFR expression and was associated with dermatologic toxicity in the majority of 
patients [ 22 ]. These observations highlight the need for developing effective combi-
nation therapies with chemotherapy and for determining more robust predictors for 
patient responsiveness in order to improve responses to anti-EGFR therapy and 
patient outcomes [ 18 ]. 

 Panitumumab (Vectibix®, Amgen) is another FDA-approved anti-EGFR mAb 
of the IgG2 isotype that has shown encouraging results in a recent phase II clinical 
trial. In patients with platinum-resistant ovarian cancer, the combination of panitu-
mumab and the chemotherapeutic pegylated liposomal doxorubicin (PLD) demon-
strated 9 % PR and 19 % SD [ 23 ]. It should be mentioned that in the intent-to-treat 
population, the overall response rate (18.7 %) was similar to that reported in other 
phase II clinical trials of monotherapy with PLD in patients with platinum- 
refractory/platinum-resistant disease (19.7 %) [ 24 ].  

   Anti-mesothelin (Amatuximab) and Anti-CA-125 (Abagovomab 
and Oregovomab) 
 The high frequency of expression of the TAAs mesothelin and CA-125 in ovarian 
cancer has made them potential targets for mAb therapy. Mesothelin is a glyco-
sylphosphatidylinositol (GPI)-anchored cell surface protein that is involved in 
tumor resistance to several chemotherapeutic drugs and in promoting tumor 
metastasis through its interaction with the mucin CA-125 [ 25 ]. CA-125 (also 
known as MUC16) is a TAA that is also overexpressed in ovarian cancer. CA-125 
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can be proteolytically cleaved from the tumor cell surface and has been employed 
as a serum biomarker to screen for ovarian cancer as well as to monitor responses 
to therapy. In addition to promoting tumor invasion and metastasis, CA-125 
exerts immunosuppressive activity through protecting tumor cells from NK cell 
attack [ 26 ]. Attempts at targeting the mesothelin-MUC16 interaction using mAbs 
have met limited success. In a phase I trial in patients with mesothelin-express-
ing tumors (including four with ovarian cancer) receiving amatuximab (anti-
mesothelin chimeric IgG1 mAb, MORAb-009, Morphotek), no CR or PR was 
seen [ 27 ]. Amatuximab is currently in a phase II trial for mesothelioma patients. 
Abagovomab (anti-idiotypic CA-125 murine IgG1 mAb) and oregovomab (anti-
CA-125 murine IgG1 mAb, OvaRex®, AltaRex) failed to show a survival benefi t 
in large clinical trials [ 28 – 30 ]. Oregovomab is currently in a phase II trial in 
combination with chemotherapy for patients with advanced epithelial ovarian 
cancer (NCT01616303). ADCs may prove a more promising strategy and are 
being explored in preclinical studies and ongoing clinical trials, as will be 
discussed.  

   Anti-FRα (Farletuzumab) 
 FRα is widely expressed on epithelial ovarian cancers, especially in platinum- 
resistant patients, but not on normal ovarian tissues [ 31 ,  32 ]. Farletuzumab 
(Morphotek) is an investigational humanized IgG1 anti-FRα mAb that mediates 
tumor cell cytotoxicity via CDC and ADCC rather than blocking folate transport 
[ 32 ]. In a phase II trial in platinum-sensitive ovarian cancer patients experiencing 
a fi rst relapse, farletuzumab alone was poorly effective but when combined with 
chemotherapy (carboplatin and taxanes) improved objective response rates (ORR) 
to 75 %. Additionally, 80.9 % of patients normalized CA-125 [ 33 ]. However, a 
recent phase III trial was discontinued after farletuzumab in combination with 
paclitaxel failed to meet its end point of improving progression-free survival 
(PFS) in platinum- resistant ovarian cancer patients. Since a trend toward improved 
PFS was observed, additional analyses will be required to determine whether far-
letuzumab may improve outcome for patients [ 34 ]. In 2015, a phase II trial was 
launched to assess the combination of farletuzumab with carboplatin and pacli-
taxel or PLD in patients with low CA-125 platinum-sensitive ovarian cancer 
(NCT02289950).   

   mAbs Targeting Tumor Microenvironment 

   Anti-VEGF (Bevacizumab) 
 The vascular endothelial growth factor (VEGF) binds to its receptors on endo-
thelial cells and activates signaling pathways that regulate normal development 
of the vasculature as well as pathologic angiogenesis in cancer [ 35 ]. In ovarian 
cancer, tumor VEGF gene expression correlates with a poor prognosis [ 36 ]. 
Bevacizumab (Avastin®, Roche) is a humanized IgG1 anti-VEGF mAb that can 
neutralize all isoforms of VEGF. In addition to its antiangiogenic activity, beva-
cizumab can also modulate the immune response by increasing DC maturation 
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and priming of T cells, as demonstrated in multiple myeloma and melanoma 
[ 37 ,  38 ]. Bevacizumab is active in platinum-resistant ovarian cancer, both as 
monotherapy and in combination with chemotherapy [ 39 – 42 ]. In the phase III 
AURELIA trial in platinum-resistant ovarian cancer, combining bevacizumab 
with chemotherapy improved PFS (increased from 3.4 to 6.7 months) and ORR 
(increased from 11 to 27 %) [ 43 ].  

   Anti-TAMs (Anti-CSF-1R, Anti-CCL22, and Anti-B7-H4) 
 Similar to DCs, macrophages are phagocytic innate immune cells that can, to a 
lesser extent, induce T-cell activation. Macrophages are broadly classifi ed into clas-
sical (M1-polarized) and alternative (M2-polarized) phenotypes. M1 macrophages 
are involved in Th1 responses through antigen presentation and secretion of immu-
nostimulatory cytokines such as interleukins 6 and 12 (IL-6 and IL-12), while M2 
macrophages are involved in Th2 responses through secretion of immunosuppres-
sive cytokines such as IL-10 and transforming growth factor β (TGF-β). Tumor- 
associated macrophages (TAMs) are a major component of the TME and, in 
agreement with the M2 signature, have been associated with enhanced tumor pro-
gression, angiogenesis, and immunosuppression [ 44 ]. M2 TAMs are abundantly 
present in ovarian cancers and malignant ascites, and their numbers correlate with 
malignancy, while elevated M1 to M2 TAM ratios correlate with improved 5-year 
prognosis [ 45 – 47 ]. 

 The macrophage colony-stimulating factor-1 receptor (CSF-1R) binds CSF-1 
(also known as macrophage CSF or M-CSF) and is involved in regulating macro-
phage migration, proliferation, survival, and function [ 48 ]. Inhibiting CSF-1R acti-
vation using an antagonistic mAb has been shown in preclinical murine tumor 
models of high TAM infi ltration to strongly reduce TAMs and enhance the CD8/
CD4 T-cell ratio [ 49 ]. RG7155 (by Roche) is an investigational humanized anti- 
CSF- 1R mAb that has recently entered clinical trials. In an ongoing phase Ia/Ib trial 
in patients with tenosynovial giant cell tumor (NCT01494688), RG7155 markedly 
reduced TAMs and was well tolerated [ 50 ]. CSF-1R blockade may thus be a prom-
ising strategy for depleting TAMs in ovarian cancer. 

 Another promising strategy is to modulate TAM-T-cell interactions in the 
TME. TAMs can recruit Tregs to the TME through the chemokine CCL22, which in 
turn suppresses tumor-specifi c T-cell immunity. In xenograft models of primary 
human ovarian tumors, neutralizing CCL22 using anti-CCL22 mAb inhibited Treg 
migration to tumors [ 5 ]. Tregs can also secrete IL-10, which can stimulate the 
expression of the checkpoint B7-H4 on macrophages. B7-H4 is expressed by >70 % 
of freshly isolated TAMs and negatively regulates T-cell responses [ 51 ,  52 ]. It is 
also expressed by ovarian cancer tumor cells, but only B7-H4 +  macrophages sup-
press T-cell immunity and are negatively associated with patient outcome [ 52 ,  53 ]. 
Blocking B7-H4 interactions with single-chain fragments of antibody variable 
regions (scFvs) rescued tumor antigen-specifi c T-cell activation in vitro and delayed 
the growth of established tumors in mice [ 54 ]. The use of mAbs to reverse TAM- 
mediated immunosuppression represents a promising therapeutic approach to 
enhance T-cell tumor immunity in ovarian cancer.   
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   Bispecific Antibodies 

   Anti-EpCAM × Anti-CD3 (Catumaxomab) 
 The epithelial cell adhesion molecule (EpCAM) is a transmembrane glycoprotein 
mediating calcium-independent cell-cell adhesion in the epithelium. It is overex-
pressed in primary, metastatic, and recurrent epithelial ovarian cancers across sub-
types and has been associated with poor prognosis [ 55 – 58 ]. In ovarian cancer-associated 
malignant ascites, EpCAM is expressed by tumor cells in 70–100 % of cases [ 59 ]. 
Catumaxomab (Removab®, Fresenius Biotech GmbH) is a chimeric, bispecifi c, tri-
functional antibody that binds to epithelial tumor cells via EpCAM and to T cells via 
CD3, facilitating the localization of T cells to the tumor tissue. Additionally, catumax-
omab has a functional Fc domain (composed of mouse IgG2a and rat IgG2b) that can 
activate Fc receptor-expressing NK cells and mediate tumor cell cytotoxicity via 
ADCC [ 60 ,  61 ]. In a randomized phase II/III trial in patients with malignant ascites 
(including 129 ovarian cancer patients), catumaxomab prolonged puncture-free sur-
vival (PuFI: time to fi rst need for paracentesis after treatment or time to death, which-
ever occurred fi rst) [ 59 ] and received market approval by the European Medicines 
Agency (EMA) for this indication. In a recent phase II trial in chemotherapy-refrac-
tory ovarian cancer patients with malignant ascites, catumaxomab prolonged both the 
PuFI and the time to fi rst therapeutic puncture (TTPu) and had a benefi cial effect on 
the quality of life through improving ascites symptoms [ 62 ].   

   ADCs 

   Anti-mesothelin Conjugated to DM4 (Anetumab Ravtansine) and Anti-CA-125 
Conjugated to MMAE (Sofituzumab Vedotin) 
 Anetumab ravtansine (BAY 94–9343, Bayer) is an ADC that consists of a human 
anti-mesothelin IgG1 mAb conjugated to the microtubule-targeting drug DM4 via a 
reducible disulfi de linker. Following binding and internalization by tumor cells, 
degradation of the linker releases a cytotoxic DM4 metabolite. Anetumab ravtan-
sine was superior to standard-of-care treatments in patient-derived xenograft mod-
els of ovarian cancer and led to complete eradication. Furthermore, its effi cacy 
correlated with the expression level of mesothelin [ 63 ,  64 ]. Currently, anetumab 
ravtansine is being evaluated in a phase I clinical trial (NCT01439152). 

 Sofi tuzumab vedotin (RG7458 or DMUC5754A, Roche/Genentech) consists of 
a humanized anti-CA-125 IgG1 mAb conjugated to the microtubule-targeting drug 
monomethyl auristatin E (MMAE) via a protease-cleavable peptide linker. In a 
phase I trial in 44 patients with platinum-resistant ovarian cancer (NCT01335958), 
sofi tuzumab vedotin demonstrated a toxicity profi le that was comparable to other 
current therapeutics and led to 1 CR and 4 PR. Similar to anetumab ravtansine, its 
effi cacy correlated with the TAA expression level [ 65 ].  

   Anti-FRα Conjugated to DM4 (Mirvetuximab Soravtansine) 
 Mirvetuximab soravtansine (IMGN853, ImmunoGen) consists of a chimeric anti- 
FRα IgG1 mAb conjugated to DM4 via a reducible disulfi de linker. Preclinical 

A. Makkouk et al.



149

studies in xenograft models showed that the ADC effi ciently targeted FRα +  tumors 
and was also cytotoxic to adjacent FRα −  tumor cells (bystander effect), refl ecting an 
ability to eradicate tumors with heterogeneous expression of FRα [ 66 ]. In an ongo-
ing phase I trial in patients with platinum-resistant epithelial ovarian cancer 
(NCT01609556), mirvetuximab soravtansine as a single agent demonstrated prom-
ising preliminary clinical activity with an ORR of 53 % in the overall cohort and 
80 % in the high FRα expression subset. Preliminary analysis suggested that FRα 
expression correlates well with ADC activity [ 67 ,  68 ]. Other ongoing trials are com-
paring the effi cacy of mirvetuximab soravtansine to chemotherapy in patients with 
FRα +  advanced epithelial ovarian cancer (NCT02631876) or combining it with che-
motherapy (NCT02606305).    

    Adoptive T-Cell Therapy (ACT) 
 Adoptive T-cell therapy (ACT) involves using ex vivo activated tumor-specifi c T 
cells that are either derived from tumors (TILs) and enriched for particular antigen 
specifi city or are genetically engineered to express either tumor-specifi c T-cell 
receptors (TCRs) or chimeric antigen receptors (CARs). Prior to reinfusion into the 
cancer patient, cells are expanded with IL-2, and lymphodepleting chemotherapy 
and/or radiotherapy is administered to promote the in vivo survival and expansion 
of adoptively transferred T cells by increasing cytokines and antigen-presenting cell 
(APC) activity and eliminating immunosuppressive cells [ 69 ,  70 ]. Ongoing inten-
sive research aims to improve this attractive (albeit labor-intensive and expensive) 
approach by improving T-cell constructs, automating T-cell generation, and opti-
mizing toxicity management [ 13 ]. 

   TILs 
 The use of TILs for ACT benefi ts from the natural selection of patient TMEs to 
polyclonal, tumor-specifi c T cells which have escaped thymic deletion and homed 
to tumors [ 71 ]. In the 1990s, the adoptive transfer of TILs expanded ex vivo with 
IL-2 was examined in ovarian cancer [ 72 – 74 ]. Aoki et al. reported that in 17 patients 
with advanced or recurrent ovarian cancer, ACT alone administered to seven patients 
led to 1 CR and 4 PR, while ACT administered to ten patients in conjunction with 
cisplatin led to 7 CR and 2 PR [ 73 ]. In a pivotal trial, Fujita et al. reported that in 
patients with advanced-stage epithelial ovarian cancer, ACT after optimal debulking 
surgery and cisplatin chemotherapy improved the 3-year overall survival rates to 
100 % versus 67.5 % for patients not receiving ACT [ 74 ]. The drawbacks of ACT 
using TILs are numerous, including tolerance to self-antigens and the low yield of 
tumor-specifi c lymphocytes for ex vivo expansion [ 75 ]. Attempts to overcome these 
drawbacks have led to the use of genetically engineered T cells from peripheral 
blood for ACT.  

   Genetically Engineered T Cells 
 To redirect the T-cell specifi city of normal peripheral blood lymphocytes (PBLs), 
T cells are genetically modifi ed to recognize TAA using viral vectors encoding for 
either TCRs (which are MHC-restricted) or CARs. In CARs, TCR intracellular 
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signaling domains are coupled with surface variable regions of antibodies; CARs 
can thus recognize TAA in an MHC-unrestricted fashion and their activation is 
enhanced upon TAA contact [ 70 ]. A phase I/IIa trial is currently ongoing for ACT 
with TCRs recognizing the TAA NY-ESO-1 in patients with recurrent or treat-
ment-refractory ovarian cancer carrying the HLA-A201 allele (NCT01567891). 
In addition, several CAR trials are under way. The fi rst trial was conducted in 
2006 in 14 patients with advanced FRα +  ovarian cancer using FRα-specifi c CARs. 
However, transferred CARs were undetectable at 1 month, and no clinical benefi t 
was observed [ 76 ]. The addition of costimulatory signaling capabilities to the 
intracytoplasmic domain of CARs (such as CD137) has improved in vivo CAR 
persistence and activity [ 77 ,  78 ]. Mesothelin-specifi c CARs are also being pur-
sued in ovarian cancer. In an ongoing phase I trial in patients with mesothelin-
expressing tumors (including two with ovarian cancer), CARs were adoptively 
transferred without lymphodepletion and were found to traffi c to tumor sites and 
to persist in the blood for 3–4 weeks post infusion [ 79 ]. Other trials are also ongo-
ing (NCT02159716 and NCT01583686).    

    Vaccination 

 Therapeutic cancer vaccines aim to “teach” the immune system to recognize 
tumor cells through supplying whole tumor cells or tumor-derived peptides. 
These are provided together with immune adjuvants, including pattern recogni-
tion receptor ligands (such as poly-ICLC and the incomplete Freund’s adjuvant 
Montanide) and granulocyte-macrophage colony-stimulating factor (GM-CSF), 
to promote DC activity. Unlike passive immunotherapy with adoptively trans-
ferred mAbs or T cells, vaccines are an active immunotherapy strategy that can 
generate long-lasting immunological memory. The convenience and low toxicity 
have made vaccines an attractive approach in ovarian cancer as in other types of 
cancer. Nonetheless, limited effi cacy has been observed [ 6 ,  80 ]. Efforts to 
improve performance include optimizing target antigens, improving vaccine 
platforms by using DCs and oncolytic viruses, and developing combinatorial 
approaches with immunomodulatory therapy (the latter will be discussed in sec-
tion “ Combination Therapies ”). 

    Vaccination Based on Tumor Peptides or Tumor Cells 

   Peptide Vaccines 
 Peptide vaccines employ short peptides from TAAs that can directly bind to exact 
HLA class I molecules on DCs, bypassing the need for antigen processing and gen-
erating CD8 T-cell responses (albeit short-lived). In addition to using adjuvants to 
increase peptide immunogenicity, recent advances in improving the effi cacy of pep-
tide vaccines include the use of synthetic or overlapping long peptides, which 
require antigen processing by DCs but are effi ciently presented to both CD4 and 
CD8 T cells [ 81 ]. 
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   NY-ESO-1 
 NY-ESO-1 is an immunogenic TAA that is expressed by 40 % of epithelial ovarian 
cancers and generates antibody and cellular immune responses in multiple cancer 
patients [ 82 ,  83 ]. In a pilot study of patients with advanced ovarian cancer and mini-
mal disease burden, administration of NY-ESO-1 peptide of HLA class I/II speci-
fi cities with Montanide induced both NY-ESO-1-specifi c CD4 and CD8 T-cell 
responses in the majority of patients and improved PFS. Importantly, a patient who 
experienced complete regression had a recurrence later with an NY-ESO-1-negative 
tumor, highlighting the drawback of immune escape tumor variants with peptide 
(single target) vaccines [ 84 ]. In a phase I trial in high-risk ovarian cancer patients in 
their fi rst remission, NY-ESO-1 peptide with Montanide led to NY-ESO-1-specifi c 
CD8 T-cell responses in both NY-ESO-1-positive and NY-ESO-1-negative tumors 
and CR in 33 % of patients [ 85 ]. A phase I trial in 28 patients with advanced ovarian 
cancer in second or third remission examined overlapping long peptides (OLPs) 
from NY-ESO-1 either alone or in combination with Montanide or Montanide and 
poly-ICLC. Antibody and CD8 T-cell responses specifi c to NY-ESO-1 were unde-
tectable with OLP alone but were detected in 91 % of patients receiving OLP and 
both adjuvants, where each had a distinct effect for the induction of NY-ESO-1- 
specifi c Th1 cells [ 86 ,  87 ]. Recently, a phase I trial in 12 patients with relapsed 
ovarian cancer examined the effect of adding decitabine (a DNA methyltransferase 
inhibitor) as an epigenetic modifi er to NY-ESO-1 peptide vaccine administered with 
the adjuvants Montanide and GM-CSF and the chemotherapeutic liposomal doxo-
rubicin. Increased NY-ESO-1 serum antibodies and T-cell responses were observed 
in the majority of patients, while SD or PR was noted in six out of ten evaluable 
patients [ 88 ].  

   p53 
 p53 is a protein that is encoded by the tumor suppressor gene  TP53  and regulates the 
fate of cells upon DNA damage [ 89 ]. p53 is overexpressed in 50–60 % of ovarian 
cancers, and the presence of p53 antibodies has been identifi ed as a positive prog-
nostic factor in ovarian cancer patients [ 90 ,  91 ]. In addition, circulating and tumor- 
infi ltrating p53-specifi c memory T cells were detected in patients with ovarian 
cancer [ 92 ]. In a phase II trial in patients with advanced-stage ovarian cancer, a p53 
peptide vaccine administered with IL-2, GM-CSF, and Montanide as adjuvants led 
to immune responses (as measured by interferon γ (IFN-γ) production and tetramer 
assays). However, IL-2 administration increased toxicity and induced Treg expan-
sion, leading the authors to suggest the removal of IL-2 from this vaccine regimen. 
Importantly, the trial found that the subcutaneous p53 peptide vaccine had a similar 
effi cacy to an intravenous vaccine of DCs pulsed with p53 peptides, suggesting that 
the peptide vaccine is a superior choice given its simpler approach in preparation 
and administration [ 93 ]. Another phase II trial examined p53 synthetic long pep-
tides (p53-SLP) with Montanide in patients with recurrent ovarian cancer. While 
IFN-γ-producing p53-specifi c CD4 T cells were induced, Th2 cytokines dominated 
the p53-specifi c response, and no improvement in clinical outcome was observed 
[ 94 ,  95 ].  
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   HER-2/neu 
 A phase I trial in 19 patients with breast or ovarian cancer showed that vaccination 
with HER-2/neu-derived MHC class II “helper” peptides, which contain MHC class 
I epitopes, administered with GM-CSF as adjuvant induced potent and long-lasting 
HER-2-specifi c IFN-γ-producing CD8 T cells. A larger, phase I trial examined 
HER-2/neu peptides with GM-CSF in patients with advanced HER-2/neu +  cancers 
(including fi ve patients with ovarian cancer). The vaccine induced HER-2/neu- 
specifi c T-cell responses in 92 % of patients. Importantly, the responses were long- 
lived, and epitope spreading to additional HER-2/neu epitopes and to p53, was 
observed in some patients [ 96 ,  97 ].   

   Tumor Cell Vaccines 
 Personalized vaccines based on whole tumor cells represent an alternative to pep-
tide vaccines that allow the generation of a diverse immune response directed at 
multiple TAAs. Because they incorporate both MHC class I and class II epitopes, 
tumor cell vaccines can limit tumor escape variants. On the other hand, using whole 
tumor cells carries the risk of stimulating tolerogenic or autoimmune, rather than 
immunogenic, responses due to the signifi cant presence of self-antigens [ 98 ]. The 
FANG vaccine represents an elegant approach to enhance the immunogenicity of 
whole tumor cells. It is composed of autologous tumor cells genetically modifi ed to 
encode GM-CSF (as an adjuvant) and a bifunctional short hairpin RNAi that inhib-
its TGF-β by targeting furin transferase. In a phase I trial that included fi ve patients 
with ovarian cancer, the vaccine was safe and elicited an immune response correlat-
ing with prolonged survival [ 99 ]. A follow-up phase II/III trial is currently ongoing 
in patients with advanced ovarian cancer achieving CR following primary surgical 
debulking and chemotherapy (NCT02346747). Preliminary results show that 92 % 
of vaccinated patients developed immunity (as measured by IFN-γ production), and 
the median regression-free survival (RFS) was 399 days versus 94 days for control 
patients [ 99 ,  100 ].   

    Vaccination Based on DCs 
 DC-based vaccines were developed to overcome the low number and/or defective 
ability of DCs in cancer patients to process and present tumor antigens. Autologous 
DCs are generated ex vivo from peripheral blood monocytes in the presence of 
cytokine and growth factor cocktails that induce DC expansion and maturation. 
DCs are then loaded with TAAs or whole tumor lysates prior to reinfusion into 
patients [ 101 ]. 

 A promising TAA for DC-based vaccines is mucin 1 (MUC-1), a heavily 
glycosylated surface protein that is overexpressed and aberrantly glycosylated 
in a large number of cancers including ovarian cancer [ 102 ]. In a phase I trial in 
advanced- stage ovarian cancer patients, DCs pulsed with MUC-1 peptides gen-
erated tumor-specifi c CD8 T cells [ 103 ]. A phase II study examined the CVac® 
vaccine (Prima BioMed) of MUC-1-loaded DCs in 63 patients with epithelial 
ovarian cancer in complete remission. In patients who had achieved a remission 
after second- line therapy, PFS and OS were improved with the CVac vaccine as 
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compared to patients receiving standard-of-care therapy [ 104 ]. Another poten-
tial TAA is HER-2/neu. A phase I trial involving four ovarian cancer patients 
evaluated lapuleucel-T (Neuvenge®, Dendreon), a DC-based vaccine composed 
of autologous peripheral blood mononuclear cells (including APCs) cultured 
ex vivo with HER-2/neu peptides linked to GM-CSF. The vaccine generated 
HER-2-specifi c T-cell responses and led to short-term SD in two of the four 
patients [ 105 ]. 

 DCs loaded with whole tumor lysates have also shown promise in ovarian can-
cer. In a phase I trial in six patients with recurrent advanced ovarian cancer, patients 
received DCs pulsed with whole tumor lysates and keyhole limpet hemocyanin 
(KLH) as an adjuvant. The treatment was well tolerated, and three of the six patients 
showed PFS of 25–45 weeks [ 106 ]. A phase II trial further examined the tumor 
lysate-pulsed DCs and KLH that was administered with low-dose IL-2 as an adju-
vant in ten ovarian cancer patients with minimal residual disease. The vaccine 
resulted in 3 CR for 38–83 months and induced tumor-related immunity in respond-
ers, including NK cell activity and IFN-γ-producing T cells [ 107 ]. In another pilot 
study in fi ve patients with recurrent ovarian cancer, DCs pulsed with tumor lysates 
oxidized with hypochlorous acid (which enhances immunogenicity), two patients 
had a PFS of 24 months or more [ 108 ].  

    Vaccination Based on Viruses 
 Recombinant viral vaccines are attractive TAA delivery systems due to their inher-
ent immunogenicity and ability to exploit DC traffi cking to the injection site for 
enhanced TAA uptake and presentation. Commonly employed viral vectors are 
members of the  Poxviridae  family and include vaccinia and fowlpox viruses. The 
vaccinia vector induces strong cellular and humoral immune responses to the trans-
gene it encodes but is limited by the development of host-induced neutralizing anti-
bodies to the vector itself and by the exclusion of use in immunocompromised 
patients. On the other hand, fowlpox viruses can be administered in booster doses 
due to absence of neutralizing antibody development but are less effi cient than vac-
cinia vectors in inducing immune responses [ 109 ]. 

 In a pilot study involving three ovarian cancer patients, the PANVAC vaccine 
regimen was evaluated. It consisted of the transgenes for the TAAs carcinoem-
bryonic antigen (CEA) and MUC-1 along with the transgenes for the TRICOM 
adjuvant (the costimulatory molecule CD80, intercellular adhesion molecule-1 
(ICAM-1), and leukocyte function-associated antigen-3 (LFA-3)) engineered 
into vaccinia (PANVAC-V) as a prime and fowlpox (PANVAC-F) as booster 
 vaccinations. Immune responses to MUC-1 and/or CEA were observed post vac-
cination [ 110 ]. In a follow-up study involving 14 patients with ovarian cancer, 
median OS was 15 months in patients receiving the PANVAC vaccine, and those 
with limited tumor burden and minimal prior chemotherapy seemed to derive the 
most benefi t [ 111 ]. Another heterologous prime-boost vaccine regimen was 
recently examined in a phase II trial in 22 patients with advanced ovarian cancer 
in clinical remission. Patients received NY-ESO-1-vaccinia as a prime and 
NY-ESO-1-fowlpox as booster vaccinations. CD4 and CD8 T-cell responses 
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were induced and found to correlate with improved OS. Ovarian cancer patients 
showed a median PFS and OS of 21 and 48 months, respectively [ 112 ].   

    Immunomodulatory Therapy 

 Immunomodulatory therapy aims to tip the balance in the immunosuppressive TME 
from immune tolerance to immune reactivity. The traditional use of cytokines, 
including IL-2, IL-12, type I and II IFNs, and tumor necrosis factor α (TNF-α), as 
immunotherapeutic agents that broadly activate T cells has proven challenging due 
to systemic toxicity and has met with limited success in ovarian cancer [ 6 ,  113 ]. 
T-cell activation is regulated not only by costimulatory receptors (including CD28 
and CD137) but also by inhibitory receptors or checkpoints, which are induced 
 following TCR stimulation (Fig.  11.1 ). Therapeutic approaches that block the 
 suppressive signals of checkpoints (checkpoint blockade) or selectively target 
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  Fig. 11.1    The major T cell-based immunotherapeutic targets and their tumor or antigen- 
presenting cell ligands. The activation of T cells and their conversion to a cytotoxic phenotype is 
governed by a network of activating and inhibitory receptors. Using immunotherapeutic agents to 
increase activation and decrease inhibitory signaling has the potential to generate T cells with 
enhanced tumor lytic capacity.  APC  antigen-presenting cell,  GAL  galectin-9,  IDO  indoleamine 
2,3-dioxygenase,  ICOS  inducible T-cell costimulator,  MHC  major histocompatibility complex, 
 PD-1  programmed death 1,  PD-L  PD-1 ligand,  TCR  T-cell receptor,  TIM-3  T-cell immunoglobulin 
and mucin domain 3       
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immunosuppressive cells in the TME (such as Tregs) can sustain the activation and 
proliferation of tumor-specifi c T cells and represent one of the most rapidly moving 
and exciting areas in clinical oncology.

       Depleting Tregs 

   Targeting CD25: Anti-CD25 (Daclizumab) and Denileukin Diftitox 
 Tregs constitutively express the IL-2 receptor α chain (CD25). Daclizumab 
(Zenapax®, F. Hoffmann-La Roche) is an FDA-approved humanized IgG1 
mAb that binds to CD25. Traditionally used to inhibit T-cell proliferation in 
autoimmune disorders, it has recently been used to deplete Tregs in combina-
tion with a metastatic breast cancer vaccine. Daclizumab administration led to 
a marked and prolonged decrease in Tregs and boosted T-cell responses to all 
vaccine antigens in absence of autoimmunity [ 114 ]. Daclizumab is currently 
being evaluated in combination with a DC-based vaccine in ovarian cancer 
(NCT01132014). Another approach to targeting CD25 is through denileukin 
diftitox (Ontak®, Eisai), an FDA- approved engineered fusion protein of IL-2 
and diphtheria toxin. In a recent phase II trial of 28 patients with epithelial 
ovarian cancer, denileukin diftitox administration was well tolerated and sig-
nificantly depleted functional Tregs from blood and the TME, but showed no 
significant clinical efficacy [ 115 ]. Combination strategies with checkpoint 
blockade may improve clinical efficacy and have shown promise in preclinical 
studies [ 116 ].  

   Cyclophosphamide 
 Cyclophosphamide is a chemotherapeutic agent that has immunomodulatory 
activity when administered in repeated, low doses (metronomically). It depletes 
Tregs and restores T-cell function and has been used to augment antitumor immune 
responses of ACT and vaccination strategies [ 117 ]. In a phase I/II trial in 11 
patients with recurrent ovarian cancer, a single low dose of cyclophosphamide 
was explored as an adjuvant to a vaccine regimen of peptide-pulsed DCs. While 
the 3-year OS was 90 %, the single dose of cyclophosphamide did not reduce the 
number of circulating Tregs, and no signifi cant survival benefi t over controls was 
observed [ 118 ]. In another phase II trial in patients with recurrent ovarian cancer, 
low-dose cyclophosphamide administered prior to each dose of the p53-SLP vac-
cine led to p53-specifi c IFN-γ-producing T cells in 90 % of evaluable patients 
after two immunizations [ 119 ].   

    Checkpoint Blockade 
 Immune checkpoints tightly regulate the intensity and duration of the T-cell response 
and are critical for avoiding autoimmunity. These include the T-cell surface mole-
cules cytotoxic T-lymphocyte antigen 4 (CTLA-4), programmed death 1 (PD-1), 
T-cell immunoglobulin and mucin domain-containing protein 3 (TIM-3), and lym-
phocyte activation gene-3 (LAG-3). In addition, the metabolic enzyme indoleamine 
2,3-dioxygenase (IDO), which catalyzes the rate-limiting step of the oxidative 
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catabolism of the amino acid tryptophan, regulates T-cell activation. By depleting 
tryptophan and generating the toxic metabolite kynurenine, IDO can inhibit T-cell 
proliferation and trigger cell cycle arrest and apoptosis. Kynurenine can also induce 
naive CD4 T cells into Tregs [ 120 – 123 ]. 

 Activation of immune checkpoint pathways in the TME, however, limits the anti-
tumor immune response. TILs upregulating the expression of checkpoints are hypo-
responsive or functionally exhausted [ 124 ]. In patients with ovarian cancer, a 
signifi cant fraction of antigen-specifi c CD8 TILs co-express LAG-3 and PD-1 and 
demonstrate impaired effector function [ 125 ]. Additionally, Tregs naturally express 
checkpoints and employ them to suppress effector T cells [ 124 ]. Moreover, 56 % of 
ovarian tumors have demonstrated IDO expression, which correlated with a reduced 
number of CD8 TILs and with reduced survival in serous (but not other) ovarian 
cancer histologies [ 126 ,  127 ]. IDO expression was also found to inhibit NK cell 
intratumoral accumulation and to promote tumor angiogenesis [ 128 ]. Reversing 
TME-mediated immunosuppression via targeting checkpoints with mAbs or inhibi-
tors, an approach coined “checkpoint blockade,” was found to boost immune 
responses and is becoming increasingly valuable in the clinic. 

   Anti-CTLA-4 (Ipilimumab) 
 CTLA-4 (CD152) is an inhibitory co-receptor and member of the B7-CD28 
immunoglobulin superfamily. It competes with the costimulatory receptor CD28 
for the ligands (B7 molecules) on APCs, leading to downregulation of T-cell 
activation. Ipilimumab (Yervoy®, BMS) is an FDA-approved human IgG1 mAb 
that blocks the CTLA-4/B7 interaction to restore CD4 and CD8 effector T-cell 
activation and can also deplete tumor-infi ltrating Tregs [ 129 ,  130 ]. Ipilimumab 
represents the fi rst standard-of-care immune checkpoint inhibitor, and the major-
ity of clinical experience is derived from studies in patients with melanoma. In a 
pilot study in two patients with advanced ovarian cancer previously vaccinated 
with GM-CSF- modifi ed irradiated autologous tumor cells (GVAX), a single dose 
of ipilimumab triggered a decrease or stabilization of CA-125 levels for several 
months [ 131 ]. In a subsequent study in additional nine patients, three patients 
had SD, and the extent of therapy-induced tumor necrosis correlated with the 
intratumoral CD8 T-cell/Treg ratio [ 132 ]. An ongoing phase II trial is studying 
ipilimumab as monotherapy in patients with recurrent platinum-sensitive ovarian 
cancer (NCT01611558). The primary drawback of ipilimumab is the high fre-
quency of immune-related adverse events (irAEs) like colitis or hypophysitis: 
approximately 25 % of patients experience an irAE, requiring aggressive man-
agement [ 133 ].  

   Anti-PD-1 (Nivolumab and Pembrolizumab) and Anti-PD-L1 (Several mAbs) 
 PD-1 is another co-inhibitory receptor member of the CD28/B7 immunoglobulin 
superfamily that binds to its ligands PD-L1 and PD-L2 (mainly expressed by epithe-
lial cells, DCs, and macrophages) to down-modulate the immune response [ 124 ]. In 
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addition to the high expression of PD-1 by TILs in ovarian tumors [ 10 ,  125 ], PD-L1 
was also found to be highly expressed by ovarian tumor cells and is negatively cor-
related with CD8 TIL counts and with survival [ 11 ]. PD-L1 tumor expression has 
also been implicated in promoting peritoneal dissemination of ovarian cancer [ 12 ]. 
The blockade of the PD-1 inhibitory pathway is being clinically explored using 
mAbs targeting either the receptor or its ligands and has so far proven less immuno-
toxic than ipilimumab. 

 Nivolumab (Opdivo®, BMS) is an FDA-approved human IgG4 anti-PD-1 mAb 
that is being investigated in ovarian cancer. In a phase I trial in 15 patients with 
advanced platinum-resistant ovarian cancer (regardless of PD-L1 expression), 
nivolumab was well tolerated and led to 3 PR and 4 SD, with an ORR of 17 % [ 134 ]. 
In a recent update, 2 patients with CR survived without disease progression for 17 
and 14 months each [ 135 ]. Another anti-PD-1 mAb is pembrolizumab (Keytruda®, 
Merck), an FDA-approved humanized IgG4 mAb. In a recent interim analysis of a 
phase Ib trial in 26 patients with heavily treated PD-L1 +  advanced ovarian cancer, 
pembrolizumab was well tolerated and achieved 1 CR, 2 PR, and 6 SD with a dura-
ble ORR of 11.5 % [ 136 ]. 

 Several mAbs that block PD-L1 are being investigated in numerous clinical trials 
that include ovarian cancer patients. Examples include avelumab (MSB0010718C, 
human IgG1, Merck Serono), BMS-936559 (human IgG4, BMS-ONO), 
MPDL3280A (human IgG1, Roche/Genetech), and durvalumab (MEDI4736, 
human IgG1, MedImmune). In an ongoing phase Ib trial in 75 patients with 
platinum- resistant or chemotherapy-refractory ovarian cancer (regardless of PD-L1 
expression), avelumab demonstrated an acceptable safety profi le and had an ORR 
of 10.7 % in 67 evaluable patients [ 137 ]. In a phase I trial involving 17 patients with 
ovarian cancer, BMS-936559 demonstrated safety and led to 1 PR and 3 SD lasting 
at least 24 weeks [ 138 ].  

   IDO Inhibitors (Indoximod, GDC-0919, and Epacadostat) 
 Indoximod (D-1-methyl-tryptophan (D-1-MT), NewLink Genetics) is the fi rst 
small-molecule IDO inhibitor to enter clinical trials. Preclinical studies in murine 
models of ovarian cancer have shown that IDO inhibition with the racemic com-
pound 1-MT is synergistic with chemotherapy and that the D (but not the L) race-
mer is responsible for the majority of antitumor activity [ 139 ,  140 ]. Another IDO 
inhibitor is the second-generation GDC-0919 (formerly NLG919, NewLink 
Genetics/Genentech) which specifi cally inhibits IDO1. Both inhibitors are currently 
being examined in several clinical trials for solid tumors. A third is the IDO1 inhibi-
tor epacadostat (INCB024360, Incyte Corporation) that is in several clinical trials 
for ovarian cancer either as monotherapy (NCT01685255 and NCT02042430) or in 
combination with peptide vaccines (NCT02166905 and NCT02575807) or check-
point blockade (NCT02178722 and NCT02327078). In a phase I trial in patients 
with advanced malignancies including ovarian cancer, 90 % inhibition of IDO activ-
ity was achieved [ 141 ].    
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     Combination Therapies 

 Combination immunotherapies can synergize to enhance clinical responses by 
enhancing different stages of the antitumor immune response (antigen uptake 
and presentation, T-cell activation, and T-cell response maintenance) and mod-
ifying various aspects in the TME (angiogenesis and immunosuppression). 
Combining checkpoint blockade with other immunotherapeutic strategies that 
have shown limited efficacy as monotherapies, such as vaccination, is an area 
of intensive research. For example, a phase I trial in six patients with recurrent 
ovarian cancer examined a DC-based autologous whole tumor lysate vaccine in 
combination with Treg- depleting metronomic cyclophosphamide, the antian-
giogenic mAb bevacizumab, and ACT (vaccine-primed ex vivo CD3/CD28-
costimulated peripheral blood autologous T cells). Antitumor immune 
responses (in the form of increased tumor- reactive T cells and reduced Tregs) 
and clinical benefit were observed in four patients, including 1 CR, 1 PR, and 
2 SD [ 142 ]. Checkpoint inhibitors in combination are also being clinically 
tested. For example, an ongoing phase I trial in patients with advanced solid 
tumors (including ovarian cancer) is evaluating the combination of tremelim-
umab (a humanized IgG2 anti-CTLA-4 mAb) with durvalumab (anti-PD-L1) 
(NCT01975831) [ 143 ]. Identification of the optimal immunotherapy combina-
tion will require evaluation of not only synergistic mechanisms of action and 
ideal sequence of dosing but also overlapping toxicities in order to maximize 
clinical benefit. 

   Conclusion s 

 Recent advances and rational immunotherapeutic combinations hold immense 
potential to improve outcomes for patients with ovarian cancer. Nonetheless, a 
number of challenges remain that are being critically addressed. 
Immunotherapies are typically administered in conjunction with or post che-
motherapy. Several chemotherapeutic drugs utilized in ovarian cancer exert 
immunostimulatory effects. Examples include platinum compounds (which 
reduce PD-L2 expression on DCs), trabectedin (which inhibits monocyte dif-
ferentiation into TAMs), and decitabine (which triggers a type I IFN response) 
[ 144 – 146 ]. Integrating immunotherapy with chemotherapy requires careful 
consideration of drugs, dosing, and schedule in order to neutralize the unwar-
ranted immunosuppressive effects and maximize the immunostimulatory 
effects of chemotherapy [ 147 ]. A second challenge is to better characterize the 
TME not only to identify the rare somatic mutations that are immunogenic but 
also to understand host-tumor interactions. Like other cancers, ovarian cancer 
is heterogenic, and recent gene expression profi ling studies have recognized 
several distinct molecular subtypes with markedly different prognoses [ 148 ]. 
Identifying dominant immunosuppressive pathways as well as collateral path-
ways can improve response rates in immunotherapy by improving the design 
of combination treatment regimens [ 149 ,  150 ]. Lastly, identifi cation of 
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 biomarkers that predict response to immunotherapies will allow patients to be 
optimally matched with therapies that are expected to deliver the maximum 
benefi t while minimizing unnecessary toxicity.       
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    Abstract 
   Mutations in the BRCA gene are associated with a defect in the repair of DNA 
damage. These cells have a defi ciency in the homologous recombination repair 
pathway. In ovarian cancer patients with a BRCA-mutated tumour, PARP 
(poly(ADP-ribose) polymerase) inhibitors prevent alternative pathway repair of 
DNA damage leading to synthetic lethality of tumour cells. Signifi cant antitu-
mour activity occurs in BRCA-mutated ovarian cancer treated with a PARP 
inhibitor; the greatest benefi t seen thus far has been with maintenance therapy 
with olaparib following platinum-based chemotherapy for relapsed ovarian can-
cer. This leads to a signifi cant delay in tumour progression with some patients 
remaining on treatment for several years with few side effects from treatment. 
Whilst the greatest benefi t is in patients with a BRCA mutation, PARP inhibitors 
have also been shown to be active in ‘platinum-sensitive’ tumours without a 
BRCA mutation. Ongoing clinical trials with different PARP inhibitors are 
exploring the effect of maintenance therapy in patients with or without a BRCA 
mutation. In the EU, olaparib has now been licensed as maintenance therapy for 
‘platinum-sensitive’ BRCA-mutated high-grade serous cancer after platinum- 
based therapy. In the USA the licence is based on the activity of olaparib in 
patients with a BRCA mutation who have received 3 or more prior lines of che-
motherapy. Ongoing trials are now exploring the combination of different PARP 
inhibitors with chemotherapy or other molecularly targeted therapies to build on 
the benefi t seen with olaparib. A BRCA mutation is the fi rst predictive marker in 
ovarian cancer, identifying patients who are likely to derive a signifi cant benefi t 
from PARP inhibitor therapy.  
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      Introduction 

 One key characteristic of ovarian cancer is its responsiveness to chemotherapy. A 
large proportion of women with advanced disease will enter a remission following 
surgery and chemotherapy, but most will relapse. Platinum-based therapy is central 
to the initial management and also to treatment of recurrence, as the majority of 
patients will relapse more than 6 months after completing fi rst-line therapy and will 
usually respond to further treatments. Intervals between treatments of subsequent 
relapses become shorter as drug resistance increases, eventually leading to the fail-
ure of not only platinum-based therapies but also non-platinum drugs. Historically, 
all types of ovarian cancer have been treated in a similar fashion, yet we know that 
among the most commonly described histiotypes, there are signifi cant differences in 
survival and a variability in the sensitivity to chemotherapy drugs. Recent data have 
shown that ovarian cancers have different pathways of development, and it is impor-
tant that such biological differences are taken into account as new therapies are 
developed. In particular, the most common subtype, high-grade serous cancer, has a 
distinct evolution, and it is this subtype that is most commonly, but not exclusively, 
associated with BRCA mutations.  

    BRCA Mutations 

 The  BRCA1  gene was identifi ed in 1990 and was cloned 4 years later [ 1 ], around the 
same time that the  BRCA2  gene was discovered [ 2 ].  BRCA1  mutations are more 
common, occurring approximately twice as frequently as  BRCA2 . Women who 
inherit a deleterious  BRCA1  or  BRCA2  mutation have up to a 40 % and 20 % life-
time risk, respectively, of developing ovarian cancer and higher risks of developing 
breast cancer [ 3 ]. It is estimated that  BRCA  mutations are found in about 10–15 % 
of patients with ovarian cancer [ 4 ], but this may be an underestimate as testing for 
mutations has historically been based on identifying a family history of breast or 
ovarian cancer. Among the Western population, it is estimated that about 1 in 400 
persons carries a germ-line mutation, but in some ethnic groups, such as the 
Ashkenazi Jewish population, the prevalence is ten times higher. Furthermore, the 
distribution of BRCA-related ovarian cancer differs among the commonly reported 
histiotypes. It is more commonly found in patients with high-grade serous ovarian 
cancer (HGSOC) [ 5 – 7 ]. In one series where 17 % of patients with HGSOC were 
found to carry a  BRCA  mutation, almost half (44 %) of these women had no family 
history of cancer [ 5 ]. BRCA mutations have also been described in association with 
clear-cell tumours, but the association with this subtype is less common [ 8 ]. 

 Until recently knowledge of these mutations has not led to a change in the man-
agement of women with ovarian cancer. Observational clinical studies in women 
with ovarian cancer have shown that BRCA-mutated cancers have a better outcome 
following surgery and platinum-based chemotherapy than patients without a BRCA 
mutation [ 9 ,  10 ]. These tumours have impaired DNA repair due to a defect in the 
homologous recombination pathway, and this may explain an increase in sensitivity 
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to DNA cross-linking drugs such as the platinum analogues [ 11 ]. How can such 
knowledge of biological differences in BRCA-mutated tumours be exploited to 
improve treatment?  

    DNA Repair as a Target for BRCA-Mutated Ovarian Cancer 

 The accurate and effi cient repair of DNA damage is essential for cell survival. 
Complex processes have evolved to ensure that cells, which constantly sustain 
DNA damage, are repaired effectively to ensure genomic stability and cell sur-
vival. Poly(ADP-ribose) polymerase (PARP) is an enzyme that has an important 
role in the repair of single-strand DNA breaks. Double-strand DNA breaks (DSB) 
require a more complex repair mechanism to ensure high-fi delity repair, and with-
out such a process, lethal genomic damage can arise. The two primary DSB repair 
pathways in humans are nonhomologous end joining (NHEJ) and homologous 
recombination repair (HRR). HRR is the preferred pathway as it is an error-free 
mechanism. HRR requires the presence of a variety of proteins including func-
tioning BRCA1 and BRCA2 [ 12 ]. Thus, defi ciencies in BRCA1 or BRCA2 result 
in defective HRR and subsequent loss of effi cient and effective DNA DSB repair. 
The PARP pathway of repair remains intact for BRCA-mutated cells, but further 
disruption of DNA repair by PARP inhibitors leads to genomic instability and cell 
death through a process called synthetic lethality [ 13 ]. Preclinical models have 
clearly shown this; inhibition of PARP-1 activity in homozygous BRCA-defi cient 
cells that have HRR defi ciency leads to signifi cant cell death [ 14 ,  15 ]. Thus, the 
hypothesis was developed that PARP inhibitors may have therapeutic activity in 
BRCA-mutated ovarian cancer.  

    Clinical Development of PARP Inhibitors in Ovarian Cancer 

    Early-Phase Trials with Olaparib 

 Initially, the development strategy for PARP inhibitors was to use the drugs to 
potentiate treatment with chemotherapy or radiotherapy [ 16 ]. However, given the 
results of preclinical models in BRCA-mutated tumours, development has revolved 
around exploring PARP inhibitors as single-agent therapy. Some of the earliest 
information is derived from the phase I studies with AZD2281 (olaparib). Signifi cant 
activity with low levels of toxicity was seen in women with heavily pretreated 
BRCA-mutated ovarian cancer [ 17 ]. In an expanded phase I trial in BRCA-mutated 
ovarian cancer, there was a 40 % RECIST and/or CA125 response rate; some other 
patients had disease stabilisation leading to a 46 % overall clinical benefi t rate [ 18 ]. 
Clinical activity was confi rmed in a phase II study of two dose cohorts; a response 
rate of 33 % was seen in multiply pretreated women with BRCA1 or BRCA2 muta-
tions at the higher dose of olaparib, 400 mg bd [ 19 ]. The main side effects observed 
were fatigue, nausea and anaemia.  

12 High-Grade Carcinomas, BRCA Mutations and the Role of PARP Inhibitors



174

    Randomised Clinical Trials of Olaparib and Integration 
into Clinical Care 

 Following the promising results of early-phase studies, randomised trials were 
developed to undertake further study of olaparib in ovarian cancer. In the fi rst trial, 
‘study 12’, patients with BRCA-mutated recurrent ovarian cancer were randomised 
to treatment with either olaparib (200 or 400 mg bd) or pegylated liposomal doxo-
rubicin (PLD) 50 mg/m 2 . Patients in this trial had either ‘platinum-resistant’ or ‘par-
tially platinum-sensitive’ recurrent ovarian cancer. The median progression-free 
survival (PFS) was 8.8 months with olaparib 400 mg bd, 6.5 months with olaparib 
200 mg bd and 7.1 months with PLD [ 20 ]. Olaparib was clearly active but the 
median PFS with PLD was better than expected, illustrating that the biology of 
tumours in patients with a BRCA mutation is different and the response to cytotoxic 
drugs other than platinum analogues may be better than in the general population. 
The evidence emerging from single-agent studies suggested that tumour response 
rates appeared greater in patients with ‘platinum-sensitive’ disease [ 21 ], so further 
randomised trials focussed on this population. One hypothesis was that olaparib 
might augment the activity of carboplatin. This was tested in a randomised trial, 
‘study 41’, in which patients with ‘platinum-sensitive’ ovarian cancer were ran-
domised to carboplatin and paclitaxel with or without olaparib. Olaparib was con-
tinued as maintenance therapy [ 22 ]. A BRCA mutation was not required for entry 
into this trial. The dose of carboplatin was reduced to an AUC 4 and the schedule 
and dose of olaparib were altered (200 mg bd days 1–10) during each cycle of che-
motherapy to manage the increased myelosuppression seen when olaparib was 
combined with these drugs. During the maintenance phase olaparib was given in 
full dose, 400 mg bd. Patients on olaparib had a median PFS of 12.2 months, signifi -
cantly longer than the 9.6 months in the chemotherapy alone group (HR 0.51 [95 % 
CI 0.34–0.77];  p  = 0.0012). However, no difference in PFS was seen during the che-
motherapy phase. The second trial was a randomised maintenance study of olaparib 
in patients with ‘platinum-sensitive’ high-grade serous cancer who had responded 
to platinum-based therapy. The trial, ‘study 19’ (ClinicalTrials.gov NCT00753546), 
was designed to include patients with or without a BRCA mutation to test the 
hypothesis that HRR defi ciency, or ‘BRCAness’, may be present in a broader group 
of women with HGSOC and that these women in addition to those with a germ-line 
BRCA mutation may benefi t from olaparib [ 11 ]. This was subsequently supported 
by evidence from the Cancer Genome Atlas study [ 6 ] and the demonstration that 
olaparib was active as a single agent in patients without a BRCA mutation [ 21 ]. 
‘Study 19’ randomised 265 patients with HGSOC to olaparib or placebo mainte-
nance within 8 weeks of completing a second or greater line of platinum-based 
therapy for relapsed ovarian cancer. The primary endpoint was PFS measured by 
response evaluation criteria in solid tumours (RECIST). BRCA status was known in 
36.6 % of patients, and a BRCA1 or BRCA2 mutation was known to be present in 
22.2 % of the study population. There was a statistically signifi cant improvement in 
PFS in patients receiving olaparib compared with placebo, leading to a 3.6-month 
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increase in the median PFS from the start of trial drug. The median PFS on mainte-
nance therapy was 4.8 months on placebo and 8.4 months for patients treated with 
olaparib (hazard ratio [HR] 0.35; 95 % confi dence interval [CI] 0.25–0.49; 
 p  < 0.0001) [ 23 ]. 

 However, no difference in overall survival (OS) was seen in an interim analysis 
with only 38 % of death events. Although these data were immature, the results in 
December 2011 led to a temporary cessation in the development of olaparib in ovar-
ian cancer. A planned subgroup analysis suggested there was a greater effect of 
olaparib in patients with a BRCA mutation, and as a result, BRCA mutational anal-
ysis was performed on blood samples and archival tumour to determine BRCA 
status (germ-line or somatic mutations) in 63.4 % of patients who entered the trial 
with an unknown BRCA status. Consent had previously been obtained and informa-
tion on BRCA mutation status became available in 95.8 % of patients. A reanalysis 
of PFS and updated OS was performed for the overall population and by BRCA 
mutation status [ 24 ]. The clinical benefi t of olaparib was greatest in the BRCA 
mutation group. In this subset of 136 patients, the median PFS post chemotherapy 
was 11.2 months in patients receiving olaparib compared with 4.3 months for those 
treated with placebo (HR 0.18; 95 % CI 0.10–0.31;  p  < 0.0001). A signifi cant but 
smaller benefi t in PFS was seen in BRCA wild-type patients taking olaparib. The 
median PFS increased from 5.5 months on placebo to 7.4 months on olaparib (HR 
0.54; 95 % CI 0.34–0.85;  p  = 0.0075). All sensitivity analyses and centralised com-
puted tomography (CT) scan assessments confi rmed the observed increase in PFS 
in patients with a BRCA mutation receiving olaparib compared with placebo 
(blinded independent central review: PFS HR 0.22; 95 % CI 0.12–0.40;  p  < 0.0001). 
In 18 patients there was a somatic mutation of BRCA, and within this small group 
(8 of whom received olaparib) the effect on PFS appeared similar to those with a 
germ-line mutation of the BRCA gene. 

 Survival data are still immature (58 % of patients have died), but there is a 
trend towards an improved OS for patients with a BRCA mutation taking olaparib 
(HR 0.73; 95 % CI 0.45–1.17;  p  = 0.19). No difference was seen in the BRCA 
wild-type patients. However, the OS results may have been confounded by cross-
over in patients with BRCA mutation randomised to placebo. Subsequent PARP 
inhibitor use occurred in 23 % of these patients compared with no patients receiv-
ing olaparib. In an attempt to control for this effect, a post hoc exploratory OS 
analysis was performed excluding patients from all study sites where at least one 
patient received post-progression treatment with a PARP inhibitor. This resulted 
in a numerical improvement in the OS HR in all groups (olaparib versus placebo; 
overall population, median OS 29.8 versus 26.6 months, respectively, HR 0.80; 
95 % CI 0.55–1.16;  p  = 0.243; BRCA mutation population, median OS 34.9 versus 
26.6 months, respectively, HR 0.52; 95 % CI 0.28–0.97;  p  = 0.039) [ 25 ]. Whilst 
awaiting the fi nal OS analysis (85 % maturity), two exploratory clinical secondary 
endpoint analyses were performed to investigate the outcome of patients post pro-
gression. These were time to fi rst subsequent therapy or death (TFST; a clinically 
relevant interpretation of PFS, representing the clinical decision made by 
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investigators to initiate a further course of chemotherapy) and the time to second 
subsequent therapy or death (TSST), an approximation to the PFS2 (time to pro-
gression after subsequent treatment). The median TFST was 15.6 months in those 
who had received olaparib and 6.2 months in those who had received placebo (HR 
0.33;  p  < 0.00001). The value of this exploratory endpoint is that it provides 
greater clinical meaning to the interpretation of progression. Patients in a trial 
with RECIST progression often have no symptoms of progression, and the time at 
which a decision is made to restart a patient on treatment could be considered 
more clinically meaningful. Trial drug allocation was not ‘unblinded’ on progres-
sion and this helped to avoid bias in these decisions. The median TSST takes 
account of post-progression therapy to examine whether the effect of olaparib is 
maintained beyond progression. It was 23.8 months compared with 15.2 months 
for patients receiving olaparib and placebo, respectively (HR 0.44;  p  = 0.00013). 
Thus, the benefi t seen following subsequent therapy demonstrates that a positive 
effect of olaparib continues beyond progression and persists at least until the sec-
ond subsequent treatment. In summary, olaparib treatment does not compromise 
subsequent therapy, and the 9.4-month median difference in delay in restarting 
chemotherapy (TFST) in patients with a BRCA mutation treated with olaparib is 
clinically meaningful and raises the possibility that the pattern of clinical relapse 
is different in the two groups of patients [ 24 ].   

    Toxicity and Tolerability of Olaparib Therapy 

 The trials described above demonstrate that for many patients, olaparib can be 
given as a long-term therapy. Maintenance therapy is given following a partial or 
complete response to chemotherapy, and it is important that long-term use of drugs 
does not produce signifi cant adverse effects on symptoms. The toxicity analysis in 
study 19 showed that in general olaparib was well tolerated. The main adverse 
events were fatigue, nausea and anaemia. Fatigue and nausea usually appeared 
soon after the start of treatment [ 26 ]. Clinical experience suggests that nausea was 
often self- limiting, although the intermittent collection of data on each clinical 
visit can make this sort of information diffi cult to capture. Patients received 400 mg 
bd. Currently this is the capsule preparation which involves taking 16 capsules per 
day. Treatment breaks were sometimes used to manage adverse events; 36 % had 
dose interruptions and 42 % had a dose reduction (16 % and 22 %, respectively, in 
the placebo group. Nine patients in the olaparib group and two on placebo discon-
tinued treatment due to an adverse event [ 24 ]. It should be noted that adverse events 
were not infrequent in patients taking placebo, highlighting that these patients with 
recurrent ovarian cancer may have disease-related symptoms following a partial 
response to chemotherapy. Corroborative data for tolerability was obtained through 
measurement of quality of life. These were only measured until progression, but 
there were no statistically signifi cant or clinically relevant differences in health-
related quality of life endpoints between treatment groups in the overall or BRCA-
mutated populations demonstrating that olaparib has no detrimental effect on 
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patients’ quality of life [ 27 ]. In summary, it appears that olaparib is a well-tolerated 
drug that can be used long term. This is important as 25 % of patients on study 19 
took the drug for more than 2 years, and 17 % of patients remained on olaparib for 
more than 3 years.  

    Clinical Studies with Other PARP Inhibitors 

 There are now at least four other PARP inhibitors undergoing clinical trials in ovarian 
cancer (see Table  12.1 ). Niraparib (MK 4827) and rucaparib have both been shown to 
have activity as a single agent in patients with a BRCAm [ 28 ,  29 ]. Randomised main-
tenance trials are now in progress with both drugs. The NOVA study (NCT01847274) 
of niraparib and the ARIEL3 study of rucaparib include cohorts of patients with a 
BRCA mutation as maintenance therapy following platinum- based treatment for 
‘platinum-sensitive’ ovarian cancer. A companion diagnostic is being developed to 
identify patients without a germ-line BRCA mutation who are likely to benefi t from a 
PARP inhibitor. Veliparib (ABT888) is being developed in combination with carbo-
platin and paclitaxel [ 30 ] and will be taken forward in a randomised trial in fi rst-line 
therapy. Talazoparib (BMN-673) is a potent PARP inhibitor that has been tested more 
extensively in breast cancer but has demonstrable activity in ovarian cancer [ 31 ]. 
Table  12.1  summarises the ongoing clinical trials and includes the SOLO programme, 
two studies with olaparib, using the tablet preparation, rather than capsules (300 mg), 
in patients with a BRCA mutation. The trials include high-grade endometrioid as well 
as serous cancers and are evaluating maintenance olaparib in the fi rst-line (SOLO-1) 
or ‘platinum-sensitive’ recurrent disease setting (SOLO-2).

    Table 12.1    PARP inhibitors under investigation in ovarian cancer   

 PARP inhibitor  Company 
 PARP 
inhibition  Details 

 Olaparib 
(AZD2281) 

 AstraZeneca  PARP 
1/2/3 

 Licensed in EU for maintenance 
BRCAm; ≥3rd line (FDA) in 
BRCAm. Phase III trials with tablet 
formulation – fi rst line ( SOLO-1)  and 
maintenance in ‘platinum-sensitive’ 
recurrence ( SOLO-2 ) 

 Rucaparib 
(AG-014699; 
CO-338) 

 Clovis oncology  PARP 1/2  Ongoing phase II and III studies in 
BRCAm, BRCAwt ( ARIEL2; 
ARIEL3 ) 

 Veliparib 
(ABT-888) 

 AbbVie  PARP 1/2  First line phase III planned with 
chemotherapy 

 Niraparib 
(MK4827) 

 Tesaro  PARP 1/2  Ongoing phase III  (NOVA ) 
maintenance in BRCAm and 
BRCAwt; plans for fi rst line 

 Talazoparib 
(BMN-673) 

 BioMarin 
Pharmaceutical 

 PARP 1/2  Ovarian cancer strategy unclear 

   BRCAm  BRCA mutation,  BRCAwt  BRCA wild type  
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       Challenges for Integrating PARP Inhibitors into Clinical Care 

 In the EU, olaparib is now licensed for maintenance therapy in BRCA-mutated 
HGSOC that has responded to platinum-based therapy. The licence is based on 
the analysis of the BRCA-mutated population in study 19 and includes those 
patients with a somatic mutation. This indication has not been accepted by the 
FDA in the USA, where the licence for olaparib is for single-agent therapy 
in patients with a BRCA mutation and active disease in need of treatment. 
The indication is based on an ‘unmet need’ in this group of women who have 
received 3 or more lines of chemotherapy and is derived from composite data 
from 223 patients with a germ-line BRCA mutation, 137 of whom had mea-
surable disease (FDA olaparib data). The details of some of these patients are 
described in the 193 patients in the ovarian cohort in ‘study 42’. The response 
rate was 34 % and the median progression-free survival was 7.9 months [ 32 ]. 
These two differing indications can be a source of confusion for some patients 
and indeed physicians outside the EU and USA. However, there is for the fi rst 
time a molecularly targeted therapy for ovarian cancer based on genomics – the 
presence of a BRCA mutation. Although the cost of treatment is high, it is only 
applicable to a relatively small population of women with ovarian cancer. It is 
also clear that BRCA mutations have historically been under-diagnosed, and 
strategies need to be developed to ensure that patients with high-grade tumours 
are tested for a BRCA mutation. This is not as simple as it sounds. Historically, 
the responsibility for testing for germ-line mutations has been with cancer 
genetics departments; the indications are based largely on family history and 
the aim is to identify unaffected relatives. As we now know that the absence 
of family history is a poor negative predictor for a positive test, there needs to 
be a more widespread programme to test all patients. For some funders, this 
represents a signifi cant resource issue. Although the cost of testing for a BRCA 
mutation is falling, many genetics departments do not have the resources to see 
and test all patients. For this reason in many areas, locally arranged consent and 
testing are performed within the context of gynaecology/oncology clinics, and 
only patients who are tested positive are referred to genetics departments for 
counselling so that a decision can be made about family testing. Opinion varies 
about the best time to test for a BRCA mutation, but it should be done either 
at diagnosis or after the completion of fi rst-line therapy so that information is 
available at the time of fi rst recurrence. There is also no consensus on the age 
limit of gene testing. The probability of detecting a germ- line BRCA-positive 
tumour falls off beyond the age of 60 years; there will be an even lower prob-
ability of fi nding a germ-line BRCA gene mutation in women over 70 years. 
However, testing only for germ-line mutations will miss somatic mutations esti-
mated to be present in 6–8 % of tumours. For this reason, some advocate tumour 
testing of all patients with germ-line testing of those women who have a BRC 
mutation in the tumour. This presents additional resource and logistic issues that 
will need to be addressed.  
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    Future Directions for PARP Inhibitor Therapy 

 Within a few years the results of three additional maintenance therapy trials in 
patients with ‘platinum-sensitive tumours’ (SOLO-2, NOVA, ARIEL3) will be avail-
able. In addition, the trials with niraparib and rucaparib will report on the use of 
maintenance therapy in patients without a BRCA mutation who are ‘BRCA-like’ by 
virtue of impaired HRR. Ongoing studies with rucaparib in BRCA-mutated tumours 
will provide a greater body of evidence of single-agent activity of this drug [ 29 ]. The 
results of the SOLO-1 trial, a randomised placebo-controlled trial of 2 years of main-
tenance olaparib following fi rst-line therapy in patients with a BRCA mutation, will 
also be available. If this trial is positive, there will be three situations where olaparib 
can be used, creating a challenge for clinicians to select the appropriate time to use 
this drug. The results so far have shown that resistance to PARP inhibitors occurs in 
most patients with recurrent ovarian cancer. In a few situations, it has been shown 
that a revertant (functional) mutation occurs [ 33 ], but its importance as a factor 
underlying resistance to PARP inhibitors is unknown. Patients will respond to further 
chemotherapy after becoming resistant to a PARP inhibitor [ 34 ]. Following patients 
to the time of a second subsequent treatment after the treatment following failure of 
olaparib has shown that a benefi t from the drug is maintained during subsequent 
treatment [ 24 ]. More information will emerge as the ongoing maintenance trials will 
measure the ‘PFS2’, the second progression-free survival after the subsequent treat-
ment following progression on the trial drug. It is unknown whether patients will 
respond again to a (different) PARP inhibitor at a later point in their treatment, and it 
is important that strategies such as this are explored. Not all PARP inhibitors have an 
identical mode of action or potency. For example, in vitro data have shown that tala-
zoparib (BMN-673) has greater potency than several other PARP inhibitors [ 35 ]. 

 It is also becoming clear that there may be opportunities to combine PARP inhib-
itors with other molecularly targeted therapies. Synergy has been demonstrated 
between anti-angiogenic agents and PARP inhibitors [ 36 ]. The fi rst indications of 
an additive or synergistic effect have come from a randomised trial comparing 
olaparib with a combination of cediranib, a VEGF receptor tyrosine kinase inhibitor 
[ 37 ] and olaparib in women with ‘platinum-sensitive’ relapsed ovarian cancer. The 
PFS was signifi cantly improved in women receiving the combination and the mag-
nitude of the effect was similar to that seen with conventional cytotoxic drugs. Trials 
are being planned to explore this combination further. One conducted through the 
NCI-CTEP will compare the combination with platinum-based chemotherapy, and 
the other, a UK-led study (ICON 9), will investigate the combination in a mainte-
nance setting after chemotherapy. There are data to show that olaparib can be given 
safely with bevacizumab [ 38 ], and there will soon be a fi rst-line trial (PAOLA-1) to 
evaluate the effect of adding olaparib to bevacizumab during the maintenance phase 
of treatment. Studies combining bevacizumab with niraparib in the second-line set-
ting are also being planned. Other molecularly targeted agents, particularly those 
interfering with cell cycle replication, present additional opportunities for combina-
tion studies, and these are under discussion. 
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 In summary, it is now clear that a BRCA mutation is the fi rst predictive marker 
for molecularly targeted therapy of ovarian cancer and that PARP inhibitors repre-
sent a highly active new class of drug for this disease. The indication for their use 
will most likely expand, particularly if reliable predictive markers for defective 
HRR are found. The results so far have clearly demonstrated that treatment of ovar-
ian cancer needs to be tailored to its biology.     
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    Abstract 
   Serous tumors of low malignant potential (LMP) and invasive low-grade serous 
carcinoma exist on a continuum. Pathological criteria for diagnosis for both enti-
ties are well described. For both, the mitogen-activated protein kinase pathway 
appears to play a prominent role in their pathogenesis. Surgery is the cornerstone 
of treatment. Fertility-sparing surgery is commonly performed for serous LMP 
tumors. While stage I serous LMP tumors have an excellent prognosis, at least 
20 % of serous LMP tumors associated with peritoneal implants relapse, most as 
low-grade serous carcinoma. Low-grade serous carcinoma is characterized by 
young age at diagnosis, relative chemoresistance, and prolonged survival com-
pared with high-grade serous carcinoma. Standard postoperative treatment for 
low-grade serous carcinoma consists of platinum/taxane chemotherapy. 
Treatment of recurrence includes options for chemotherapy, hormonal therapy, 
and targeted agents such as bevacizumab. MEK inhibitor therapy has had prom-
ising activity in a phase II trial, and multiple phase III trials of MEK inhibitor 
therapy for recurrent low-grade serous carcinoma are ongoing.  

      Introduction 

 Evidence to date, including histopathologic, clinical, and molecular/genetic informa-
tion, strongly suggests that low-grade serous and high-grade serous carcinomas develop 
along two different pathways and that serous tumors of low malignant potential (serous 
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borderline tumors) and low-grade serous carcinomas lie along the same developmental 
continuum [ 1 – 12 ]. This chapter will focus only on these latter two low-grade serous 
tumor entities, with emphasis on our current understanding based on the past 25 years 
of investigations, their clinical behavior, and current management.  

    Serous Tumors of Low Malignant Potential 

    Background 

 Taylor fi rst described serous tumors of low malignant potential in 1929, classifying 
them as a “semi-malignant” or “hyperplastic type” of cystadenoma [ 13 ]. However, 
it was not until 1973 that this group of tumors was incorporated into the classifi ca-
tion system of the International Federation of Gynecology and Obstetrics as “carci-
noma of low malignant potential” and into that of the World Health Organization as 
“borderline ovarian tumor” [ 14 ,  15 ]. Only since the 1990s have we begun to under-
stand the clinical behavior and molecular underpinnings of these fascinating 
neoplasms.  

    Epidemiology 

 Tumors of low malignant potential account for approximately 10–20 % of all epi-
thelial ovarian neoplasms [ 16 ]. The most common histologic subtype is serous [ 17 , 
 18 ]. Women with tumors of low malignant potential (LMP) are, on average, signifi -
cantly younger than those with invasive epithelial ovarian cancer, and approximately 
one-third are less than 40 years of age [ 17 ,  19 ]. In addition, there is evidence that 
obesity or unopposed estrogen replacement may increase a woman’s risk of serous 
tumors of LMP [ 20 ].  

    Diagnosis 

 Serous tumors of LMP are generally diagnosed on pelvic examination or by pelvic 
ultrasound. Approximately 60 % of women with stage I serous LMP tumor and 
85 % of women with stage II–IV serous LMP tumor have abnormal serum CA 125 
levels [ 21 ]. A defi nitive diagnosis is made on histopathologic review of tumor 
removed at surgery.  

    Pathology 

 There are two distinct histologic patterns in serous LMP tumors: (1) typical and (2) 
micropapillary/cribriform. The typical pattern consists of (1) stratifi cation of the 
epithelial lining of the papillae; (2) formation of microscopic papillary projections 
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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 [ 3 ]. The micro-
papillary/cribriform pattern consists of (1) elongate fi liform micropapillae that arise 
in a nonhierarchical manner from cyst walls or from large fi brous or edematous 
papillae, have cores containing little or no connective tissue, and are most frequently 
lined by cuboidal cells with scant cytoplasm, (2) a high nuclear-to-cytoplasmic 
ratio, and (3) mildly to moderately atypical round nuclei [ 22 – 25 ]. In some cases, the 
two patterns may be admixed. In addition, within the primary ovarian serous LMP 
tumor, microinvasion may be present. Microinvasion is defi ned as a focus or foci, 
each less than 3 mm in greatest dimension, of tumor cells that infi ltrate the stroma 
as single cells, nests of cells, or papillae [ 26 ,  27 ]. 

 Peritoneal implants are classifi ed as either noninvasive or invasive [ 27 ,  28 ]. 
Noninvasive implants have features similar to the primary serous LMP tumor and 
are subclassifi ed into epithelial or desmoplastic types. Invasive implants are defi ned 
by the presence of irregular infi ltration into adjacent tissue and are composed of 
glands with extensive bridging or small solid epithelial nests.  

    Molecular Biology 

 The molecular biology of serous LMP tumors has been extensively studied. Serous 
LMP tumors have a high frequency of estrogen receptor (ER) and progesterone 
receptor (PR) positivity. Arias-Pulido et al. reported that in 22 serous LMP tumors, 
63.6 % were positive for ER and 81.8 % were positive for PR [ 29 ]. Unlike high- 
grade serous carcinomas but similar to low-grade serous carcinomas, serous LMP 
tumors have a low frequency of p53 mutations. Singer et al. reported that only 8 % 
of 25 serous LMP tumors contained a p53 mutation [ 30 ]. 

 The mitogen-activated protein kinase (MAPK) pathway appears to play a promi-
nent role in the pathogenesis of serous LMP tumors. Singer et al. reported  KRAS  muta-
tions in 33 % of 51 serous LMP tumors and  BRAF  mutations in 28 % [ 11 ]. In a 
subsequent study of 45 cases of advanced-stage serous LMP tumors from Denmark, 
Ardighieri and colleagues demonstrated  KRAS  mutations in 34 (61.8 %) and  BRAF  
mutations in eight (14.5 %) of 55 serous LMP tumors [ 31 ]. Mutational analysis was 
also performed in 56 peritoneal implants and revealed  KRAS  mutations in 60.7 % and 
 BRAF  mutations in 12.5 % of these implants. These fi ndings supported the theory that 
peritoneal implants are largely derived from the primary serous LMP tumor. In a recent 
report of gene expression profi ling of serous LMP tumors, Curry et al. identifi ed 50 
genes that appear to separate these tumors into benign and malignant subtypes [ 32 ].  

    Clinical Behavior and Treatment 

 The presentation for women with a serous LMP tumor is generally a pelvic mass 
palpated on examination or found on ultrasound. Considerations regarding surgical 
approach include stage distribution and frequency of bilaterality. Stage I accounts 
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for at least 60 % of cases in most series, and the incidence of ovarian bilaterality is 
approximately 50 %. Two large European studies indicated that stage I serous LMP 
tumors account for approximately 76–85 % of all serous LMP tumors [ 18 ,  33 ]. In 
the Danish cohort, 34.7 % of 1042 cases were bilateral [ 33 ]. 

 Surgery is the primary treatment. One of the initial considerations in contemplat-
ing surgery for a pelvic mass is the surgical approach—minimally invasive or open 
technique. Factors to be considered in the selection of minimally invasive surgical 
approaches (laparoscopic or robotic) include size of the ovarian mass(es), extent of 
tumor metastasis, number and type or previous operations, and body habitus. 
Several reports have documented the feasibility and safety of the minimally invasive 
approach when appropriately used [ 34 – 37 ]. 

 Since a large proportion of patients with serous LMP tumors are young and have not 
completed childbearing, fertility-sparing surgery is widely practiced. For women with 
unilateral ovarian involvement, either ovarian cystectomy or unilateral salpingo-oopho-
rectomy is appropriate. For those with bilateral ovarian involvement, the most common 
intraoperative procedures are unilateral salpingo- oophorectomy and ovarian cystec-
tomy or bilateral ovarian cystectomy, depending on the fi ndings. Following ovarian 
cystectomy, recurrence of a serous LMP tumor in the ipsilateral or contralateral ovary 
occurs in approximately 12–36 % [ 38 – 40 ]. Several further reports have indicated that 
after fertility-sparing surgery, the most common site of recurrence is in the residual 
ovary(ies) [ 41 – 44 ]. In most cases, a repeat surgical procedure is the treatment of choice, 
and adjuvant therapy is unnecessary. Following removal of the ovary(ies) or portions 
thereof, frozen section examination for confi rmation is recommended. However, accu-
racy is somewhat limited, and the surgeon should factor into his/her intraoperative 
decision-making the possibility of a fi nal diagnosis of invasive cancer [ 45 ]. 

 A major question in the treatment of serous LMP tumors involves the role of com-
prehensive surgical staging. Since the presence of peritoneal implants has prognostic 
signifi cance, and the most common sites of implants include the omentum and perito-
neal surfaces, surgical staging consisting of omentectomy and peritoneal biopsies is 
generally recommended [ 3 ,  46 ]. However, comprehensive surgical staging remains 
somewhat controversial for serous LMP tumors. For instance, because the incidence 
of lymph node involvement is quite low, routine pelvic and para-aortic lymphadenec-
tomy is not recommended by most [ 47 ]. However, if lymphadenopathy is noted, 
resection is appropriate. Even more controversial is the role of surgical restaging for a 
patient who undergoes surgery with fi nal diagnosis of serous LMP tumor but without 
surgical staging. Although restaging surgery is associated with a signifi cant rate of 
detection of extraovarian peritoneal implants, it may provide only prognostic informa-
tion and no therapeutic value [ 48 ,  49 ]. If surgical restaging is performed following 
adequate counseling, a minimally invasive surgical approach is preferred. 

 Outcome is infl uenced by several factors, including pathological and clinical fac-
tors. Pathological factors that may be associated with an increased risk of relapse 
include the presence of the micropapillary/cribriform pattern or microinvasion in the 
primary ovarian serous LMP tumor or the presence of peritoneal implants [ 3 – 6 ,  23 ,  24 , 
 27 ,  28 ,  50 – 54 ]. For instance, the presence of noninvasive peritoneal implants is associ-
ated with a 20 % or greater lifetime risk of relapse [ 3 ,  6 ], whereas the presence of 
invasive peritoneal implants is associated with a 50 % or greater lifetime risk of relapse 
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[ 4 ]. Although still somewhat controversial, the consensus is that lymph node involve-
ment with serous LMP tumors does not signifi cantly infl uence outcome [ 55 – 57 ]. 
Clinical factors that also infl uence prognosis include FIGO stage, which is obviously 
associated with the presence or absence of peritoneal implants, and preoperative serum 
CA 125 level [ 53 ,  54 ,  58 – 61 ]. Women with stage I serous LMP tumors have an excel-
lent prognosis, with a relapse rate of 1 % or less [ 19 ,  53 ,  61 ]. 

 For women who undergo fertility-sparing surgery, successful pregnancies have 
been reported in several series [ 62 ,  63 ]. In addition, in selected patients prior to or 
following surgery for serous LMP tumor or prior to adjuvant chemotherapy for 
invasive peritoneal implants or recurrent disease, in vitro fertilization techniques 
may be discussed and recommended. There is no standard approach in these situa-
tions, and options and recommendation must be individualized. 

 Despite the fact that several clinicopathologic factors for relapse are known, 
postoperative chemotherapy is recommended very seldom. Historically, platinum- 
based chemotherapy for women with peritoneal implants—both noninvasive and 
invasive—was recommended. However, no reports have indicated either a decreased 
risk of relapse or survival advantage associated with this approach [ 3 ,  4 ,  64 ]. On the 
other hand, because of the high risk of relapse for women who have serous LMP 
tumors and invasive peritoneal implants, platinum/taxane chemotherapy continues 
to be recommended in several centers.  

    Treatment of Recurrent Disease 

 Clinicopathologic risk factors are discussed above. As noted, the most powerful 
factor associated with recurrence following a diagnosis of serous LMP tumor is 
stage or the presence of peritoneal implants. As discussed above, following conser-
vative or fertility-sparing surgery, women may develop a “recurrence” or second 
primary lesion in the residual ovarian tissue. The histology of this type of lesion is 
almost always another serous LMP tumor and can be managed with surgery alone. 
However, most relapses involve extraovarian sites, and the majority of these recur-
rences are not serous LMP tumor, but rather invasive low-grade serous carcinoma 
[ 3 – 7 ,  27 ]. In a report of 49 women with recurrent serous LMP tumors with known 
histology, 27 % had serous LMP tumors and 73 % had invasive low-grade serous 
carcinoma [ 5 ]. Initial treatment of low-grade serous carcinoma is generally combi-
nation platinum/taxane chemotherapy, as discussed below. In rare cases, serous 
LMP tumors may recur as high-grade serous carcinoma [ 65 ,  66 ].   

    Low-Grade Serous Carcinoma 

    Background 

 The convergence of two major factors over the past 10–15 years combined to propel 
the study of low-grade serous carcinoma of the ovary or peritoneum: (1) the devel-
opment and reporting of the binary grading system for serous carcinoma to replace 
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the grading system of the International Federation of Gynecology and Obstetrics 
(FIGO) [ 67 – 74 ] and (2) the accelerated understanding of its associated molecular 
biology and genetics [ 1 ,  8 – 12 ,  30 ,  67 – 88 ]. Concomitantly, studies of the clinical 
behavior of low-grade serous carcinoma have underscored its distinct character 
compared to high-grade serous carcinoma [ 89 – 102 ]. 

 One of the leaders in this transformation has been the Rare Tumor Committee of 
the Gynecologic Oncology Group (GOG), which was established in 2005. In 2014, 
the GOG merged with other cooperative groups to form the new NRG Oncology 
cooperative group. Since 2005, several clinical trials for rare ovarian/peritoneal can-
cer subtypes—clear-cell carcinomas, mucinous carcinomas, and low-grade serous 
carcinomas and non-epithelial tumors—have been activated. 

 The overarching principles by which the GOG (NRG) Rare Tumor Committee 
has operated have included the following: (1) separate clinical trials for distinct 
histologic subtypes; (2) investigation of novel targeted agents based on promising 
preclinical studies, whenever possible; and (3) inclusion of robust tissue acquisition 
and translational research components within each trial. 

 Nevertheless, the study of rare ovarian cancers remains logistically challenging 
for a variety of reasons. Small patient numbers within each of the subtypes repre-
sent a threat to meeting accrual targets. This realization has led to strategies to 
overcome this limitation, including intergroup trials and international consortia or 
other collaborations. Additional issues include the implementation of novel trial 
designs with which to effi ciently study these rare tumors and accurate pathological 
diagnostic criteria for eligibility. For example, prospective digital pathology review 
rather than the usual post hoc central pathology review is necessary for trial screen-
ing in most of such investigations. Furthermore, the fi nancial, regulatory, and nurs-
ing and data management efforts associated with opening any clinical trials are 
particularly burdensome when one considers that any single institution may accrue 
a relatively small number of patients to a multi-institutional or cooperative group 
trial of a rare tumor.  

    Epidemiology 

 Approximately 10 % of patients with invasive serous carcinoma of the ovary/perito-
neum have low-grade serous carcinoma [ 89 ,  101 ]. The stage distribution is very 
similar to that of high-grade serous carcinoma, with over 70 % of cases in the stage 
III or IV category [ 89 ,  101 ]. On the other hand, the median age of women with low- 
grade serous carcinoma is signifi cantly younger than those with high-grade serous 
carcinoma [ 89 ,  101 ]. In addition, the median overall survival for women with low- 
grade serous carcinoma is signifi cantly longer than the median overall survival 
times reported for women with high-grade serous carcinoma [ 89 ]. 

 Although there appears to be indirect evidence that estrogen or hormonal stimu-
lation may somehow play a role in the pathogenesis of low-grade serous carcinoma, 
we are far from understanding this relationship. In a report of a large, international 
collaborative study consisting of 7911 women with invasive ovarian cancer and 
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13,226 controls, self-reported endometriosis was associated with a signifi cantly 
increased risk of a number of subtypes of ovarian cancer, including low-grade 
serous carcinoma [ 103 ].  

    Diagnosis 

 Low-grade serous carcinoma is thought to present either after an original diagnosis of 
advanced-stage serous tumor of low malignant potential (see above) or de novo. The 
clinical presentation for low-grade serous carcinoma does not differ from that of other 
ovarian cancer subtypes and may include any or all of the following symptoms: 
abdominal or pelvic pain, bloating, or bowel or bladder dysfunction. Initial diagnostic 
studies may include serum CA 125, sonography, or computed tomography of the 
abdomen/pelvis. Serum CA 125 at the time of diagnosis appears to be elevated in 
approximately 85 % of women with stage II–IV low-grade serous carcinoma [ 89 ,  98 ]. 

 A defi nitive diagnosis is usually made at the time of primary surgery. However, 
if a patient has extensive metastatic tumor, neoadjuvant chemotherapy may be rec-
ommended prior to interval cytoreductive surgery. In the latter case, a tissue biopsy, 
which can be obtained via a CT-guided fi ne needle aspiration/core biopsy or laparo-
scopic procedure, is always recommended.  

    Pathology 

 The binary grading system for serous carcinoma is based primarily on the assess-
ment of nuclear atypia with the mitotic count used as a secondary criterion [ 2 ]. In 
comparison with the FIGO grading system, all but one of the 36 FIGO grade 1 cases 
were classifi ed as low grade, and all of the 11 FIGO grade 3 cases were classifi ed as 
high grade. However, of the 53 FIGO grade 2 cases, 15 were classifi ed as low grade 
and 38 as high grade. The results of this study simply underscore the confusion sur-
rounding the FIGO grade 2 category and why migrating to a two-tier grading sys-
tem makes so much sense. A further important fi nding of this study was the 
coexistence of serous tumor of low malignant potential and low-grade serous carci-
noma in 60 % of cases. Subsequent reports only further strengthened the observa-
tion that the FIGO grading system is fl awed and the wisdom surrounding 
dichotomization of the grading system for serous carcinoma [ 68 ,  69 ,  71 ,  72 ]. For 
instance, in the study of Bodurka et al., there was no difference in clinical outcome 
in patients with grade 2 or 3 tumors in multivariate analysis [ 72 ].  

    Molecular Biology 

 Molecular and genetic investigations over the past decade have brought the biology 
of low-grade serous carcinoma into much sharper focus. Based on available evi-
dence, we currently believe that low-grade serous carcinoma may arise following an 
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initial diagnosis of serous tumor of low malignant potential or de novo [ 3 – 7 ,  89 ]. 
The weight of evidence further suggests that the mitogen-activated protein kinase 
(MAPK) pathway plays a prominent role in the pathogenesis of both entities. 
Genomic profi ling studies have demonstrated that low-grade serous carcinomas 
segregate from high-grade serous carcinomas but are similar to serous tumors of 
low malignant potential [ 8 ,  9 ]. Compared with high-grade serous carcinomas, low- 
grade serous carcinomas have a much lower frequency of p53 mutations or p53 
expression [ 30 ,  77 ], greater expression of ER and PR [ 79 ], greater expression of 
PAX2 [ 81 ], overexpression of anterior gradient homolog 3 (AGR3) [ 104 ], and over-
expression of IGF-1 [ 105 ]. And, although germ-line BRCA mutations occur in a 
relatively high proportion of women with high-grade serous carcinoma, low-grade 
serous carcinoma does not appear to be part of the hereditary breast-ovarian cancer 
syndrome [ 106 ,  107 ]. 

 In 2003, Singer et al. reported their study of 182 ovarian tumors, including 51 
serous tumors of low malignant potential and 21 low-grade serous carcinomas [ 11 ]. 
 KRAS  mutations were reported in 33 % of serous tumors of low malignant potential 
and in 35 % of low-grade serous carcinomas, and  BRAF  mutations were found in 
28 % and 33 %, respectively. Subsequent reports of low-grade serous carcinoma, 
however, seemed to confi rm a 20–40 % frequency of  KRAS  mutations but a much 
lower frequency of  BRAF  mutations—2–6 % [ 82 ,  108 ]. Based on their fi ndings, 
Wong et al. concluded that the low frequency of  BRAF  mutations in advanced-stage 
low-grade serous carcinomas compared with serous tumors of low malignant poten-
tial suggested that the former are more likely derived from serous tumors of low 
malignant potential without  BRAF  mutations [ 82 ]. A more recent study appeared to 
confi rm these observations [ 85 ]. In other words, the presence of a  BRAF  mutation 
in an advanced-stage serous tumor of low malignant potential may somehow protect 
against the development of a subsequent low-grade serous carcinoma. Table  13.1  
summarizes the frequency of known mutations in serous tumors of low malignant 
potential and low-grade serous carcinomas. In a study of 23 patients with an original 
diagnosis of serous tumor of low malignant potential who subsequently recurred 
with low-grade serous carcinoma, patients with  KRAS G12V  mutations had shorter 
survival times than those with either  KRAS G12D , wild-type, or rare  KRAS  variants 
(HR = 4.77;  p  = 0.023) [ 86 ] And, although it appears that aberrations of the PI3K/
AKT/mTOR pathway are relatively rare in low-grade serous carcinoma [ 84 ], there 
is some evidence that dual blockade of the MAP kinase and PI3K/AKT/mTOR 
pathways may be associated with enhanced activity compared with MAP kinase 
pathway blockade alone (see below).

   Table 13.1    Frequency of mutations in serous tumors of low malignant potential and low-grade 
serous carcinomas   

 Gene mutation  Serous tumor of LMP  Low-grade serous carcinoma  References 

  TP53   0–8 %  0–8.3 %  [ 30 ,  82 ] 

  KRAS   33–61.8 %  19–41 %  [ 11 ,  31 ,  82 ,  108 ] 

  BRAF   14.5–28 %  2–33 %  [ 11 ,  31 ,  82 ,  108 ] 
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       Clinical Behavior and Treatment 

 Surgery is a major modality of treatment in low-grade serous carcinoma, as it is in 
all histologic subtypes. For most patients, primary surgery, including comprehen-
sive surgical staging for patients with apparent early-stage disease and cytoreduc-
tive surgery for those with metastatic disease, is the initial treatment. Fertility-sparing 
surgery is an option for selected young patients. For selected women with extensive 
metastatic tumor or signifi cant comorbidities, neoadjuvant chemotherapy with 
interval cytoreductive surgery may be recommended. In such cases, either fi ne nee-
dle aspiration/core biopsy or a minimally invasive surgical procedure to establish an 
accurate diagnosis is performed prior to starting chemotherapy. 

 Several predominant themes have emerged from studies of the clinical course of 
low-grade serous carcinoma of the ovary or peritoneum. In an ancillary study of 
Gynecologic Oncology Group (GOG) protocol 182, Fader et al. reported the details 
regarding 189 patients with FIGO grade 1 serous carcinoma (a surrogate for low- 
grade serous carcinoma) [ 96 ]. On multivariate analysis, only residual disease status 
following primary surgery was signifi cantly associated with overall survival. 
Patients with microscopic residual had a signifi cantly longer median progression- 
free (33.2 months) and overall survival (96.9 months) compared with those with 
residual 0.1–1.0 cm (14.7 months and 44.5 months, respectively) and more than 
1.0 cm of residual disease (14.1 months and 42.0 months, respectively). The overall 
pattern of these results closely resembles that of epithelial ovarian cancer in general. 
In a second study from the same dataset, serum CA 125 values were analyzed [ 98 ]. 
Although pretreatment CA 125 was not prognostic of outcome, patients with CA 
125 levels that normalized after one to three cycles of chemotherapy were 60–64 % 
less likely to experience disease progression as compared to those who never nor-
malized or normalized after 4 cycles ( p  ≤ 0.024). Normalization of CA 125 levels 
before the second cycle was negatively associated with death, with an HR of 0.45 
( p  = 0.025). 

 Previs et al. reported the Duke experience with 81 women with low-grade serous 
carcinoma of the ovary [ 100 ]. On multivariate analysis, obesity (HR = 2.8) and opti-
mal tumor debulking (HR = 0.05) were signifi cant predictors of overall survival. 
Additionally obesity was not associated with worse disease-specifi c survival, sug-
gesting that mortality of obese patients may have been attributable to other 
comorbidities. 

 In the initial systematic study of metastatic low-grade serous carcinoma of the 
ovary, major features included relatively young age at diagnosis (median age = 43 
years), prolonged overall survival (median OS = 82 months), and relative chemore-
sistance as refl ected by the surrogate marker of persistent tumor at completion of 
primary treatment (48 % of patients) [ 89 ]. After adjusting for other variables, persis-
tent disease after primary chemotherapy was associated with a shorter PFS time 
(HR = 2.64;  P  = 0.03). The theme of relative chemoresistance, thought to be related 
to the indolent nature of low-grade serous carcinoma, was subsequently also 
observed in reports of patients treated with neoadjuvant chemotherapy [ 90 ], patients 
with primary peritoneal low-grade serous carcinoma [ 92 ], and patients with 
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recurrent disease [ 91 ]. Nevertheless, chemotherapy generally remains the standard 
therapy for women with stage II–IV low-grade serous carcinoma until such time 
that it is replaced by evidence-based alternative treatment. In addition, in the report 
of chemotherapy for recurrent low-grade serous carcinoma, 60 % of women had 
stable disease for a period of time. Whether the frequency of stable disease is more 
related to tumor biology or a therapeutic effect remains unresolved (Table  13.2 ).

   For some women, hormonal therapy may offer a greater benefi t than chemo-
therapy with less associated toxicity [ 95 ]. In a report of 64 women with recurrent 
low-grade serous carcinoma who received 89 separate hormonal therapy regimens, 
9 % of patient regimens resulted in an objective response, and 62 % of patient regi-
mens resulted in stable disease [ 95 ]. In addition, ER/PR expression data were avail-
able in 50 patients in this study. Patients with ER+/PR- tumors had a shorter time to 
progression (HR = 1.8) than patients with ER+/PR+ tumors; however, this observa-
tion approached but did not reach statistical signifi cance ( p  = 0.056). Thus, hor-
monal therapy remains a reasonable and potentially active treatment for women 
with metastatic low-grade serous carcinoma. 

 Given the realization that cytotoxic chemotherapy has limited activity in low- 
grade serous carcinoma, a search for more effective systemic therapies is warranted. 
As with most cancer types, investigators have principally focused on the study of 
targeted therapies over the past few years. Coupled with these efforts is the contin-
ued study of the molecular biology of low-grade serous carcinoma through addi-
tional basic science and translational research studies.  

    Targeted Therapeutics 

 Based on preclinical research fi ndings, potential genes or pathways for targeting 
low-grade serous carcinoma include the MAPK pathway, IGF-1R, the angiogenesis 
pathway, and possibly the PI3K/AKT/mTOR pathway. The MAPK signaling 

   Table 13.2    Molecular biomarkers and potential targets in low-grade serous carcinoma of the 
ovary or peritoneum   

 Gene or pathway  Frequency  Potential active agents  References 

 KRAS  20–40 %  MEKi  [ 11 ,  82 , 
 84 – 86 ,  108 ] 

 BRAF  2–6 %  BRAFi  [ 11 ,  82 , 
 84 – 86 ,  108 ] 

 IGF-1R  Overexpressed compared 
to STLMP and HGSC 

 IGF-1Ri  [ 105 ] 

 Angiogenesis (e.g., 
VEGF) 

 –  Antiangiogenesis agents 
(e.g., bevacizumab) 

 [ 99 ,  116 ] 

 PI3K/AKT/mTOR  Rare  PI3Ki 
 AKTi 
 mTORi 

 [ 84 ] 

   Abbreviations :  STLMP  serous tumors of low malignant potential,  HGSC  high-grade serous 
carcinoma  
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pathway is one of the most activated and best characterized in cancer [ 109 ]. The 
MAPK cascade is triggered by the binding of a ligand that ultimately leads to phos-
phorylation of  ERK  [ 110 ,  111 ]. Thus,  MEK  is a good candidate for targeted therapy, 
and a number of MEKi have been developed in the past few years [ 112 ,  113 ]. 
Preclinical studies of ovarian cancer demonstrated signifi cant growth inhibition in 
cell lines with  KRAS  or  BRAF  mutations compared with cell lines with wild-type 
cells [ 114 ,  115 ]. In view of the cumulative data indicating mutations within the 
MAPK pathway, as discussed above, exploration of MEKi in patients with low-
grade serous carcinoma was a natural progression. 

 In a landmark GOG phase II trial (GOG 0239), Farley et al. demonstrated prom-
ising results with an MEKi, selumetinib [ 108 ]. Fifty-two women with recurrent 
low-grade serous carcinoma were enrolled in this trial and treated with the MEKi, 
selumetinib 50 mg twice daily. The overall response rate was 15 %, with one com-
plete response and seven partial responses. Another 65 % of patients in the trial had 
stable disease. The median PFS was 11.0 months. The most common toxicities were 
gastrointestinal (13), dermatologic (nine), and metabolic (seven). Three patients 
experienced grade 4 toxicities—one each cardiac, pain, and pulmonary. Mutational 
analysis was conducted on formalin-fi xed, paraffi n-embedded tumor samples from 
34 patients in this trial. The primary tumor accounted for 82 % of the cases. In these 
34 cases, there were two (6 %)  BRAF  mutations and 14 (41 %)  KRAS  mutations. In 
this study, there was no correlation between mutations of  BRAF  or  KRAS  and objec-
tive response. Subsequently, the promising results of this trial in the context of the 
relatively low response rates of low-grade serous carcinoma to either chemothera-
peutic or hormonal agents prompted further investigations. 

 Three ongoing phase II or III clinical trials have emerged from this experience. 
Each of these trials includes a different MEKi. The MILO trial (NCT01849874) is 
an open-label phase III protocol that randomizes patients with recurrent low-grade 
serous carcinoma to either chemotherapy (physician’s choice of pegylated liposo-
mal doxorubicin, paclitaxel, or topotecan) or MEK162. A second trial 
(NCT01936363) has a randomized phase II design and includes the MEKi, pimaser-
tib, with either placebo or SAR245409 (a PI3K/mTOR inhibitor). And GOG 0281 
is a randomized phase II/III trial (NCT02101788) that has been activated through 
NRG Oncology. This trial includes a randomization between standard of care (phy-
sician’s choice of letrozole, tamoxifen, pegylated liposomal doxorubicin, weekly 
paclitaxel, or topotecan) and MEKi monotherapy, trametinib. This trial also includes 
a robust translational research component, with fresh and archival FFPE tissue for 
next-generation sequencing and proteomics as well as cell-free DNA and pharma-
cokinetic studies. 

 As noted above, the angiogenesis pathway may also be a target in patients with 
low-grade serous carcinoma. Bidus et al. reported three patients with apparent 
recurrent low-grade serous carcinomas (one with primary peritoneal low-grade 
serous carcinoma, one with ovarian low-grade serous carcinoma, and another with 
a mixed low-grade serous-endometrioid carcinoma) treated with bevacizumab 
[ 116 ]. All three patients experienced a sustained response—two partial responses 
and one complete response. Subsequently, Grisham et al. reported on 17 patients 
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with low-grade serous carcinoma of the ovary or peritoneum who received bevaci-
zumab [ 99 ]. Two patients were treated with single-agent bevacizumab and the oth-
ers with a combination of bevacizumab and chemotherapy. Fifteen patients were 
evaluable for response, and six (40 %) had a partial response. An additional fi ve 
(33.3 %) had stable disease lasting 3 months or longer. 

 To date, there have been no clinical trials exploring the role of IGF-1R targeted 
therapy in women with low-grade serous carcinoma. Likewise, although an agent 
targeting the PI3K/AKT/mTOR pathway in combination with an MEKi was admin-
istered to a proportion of women on one of the three trials above (NCT01936363), 
the results of this trial are pending, and no AKTi, PI3Ki, or mTORi monotherapy 
trials specifi cally for patients with low-grade serous carcinoma have been 
developed.      
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    Abstract 
   Clear cell carcinoma (CCC) is a unique entity of adenocarcinoma of the ovary. 
In this chapter, we discuss the clinicopathological and molecular biological 
characteristics of CCC. The results of clinical trials conducted in the past 
strongly imply the chemoresistance of CCC, and clinical trials using targeted 
agents are ongoing.   

      Introduction 

 Clear cell carcinoma of the ovary (CCC) was fi rst described as “mesonephroma 
ovarii” by Schiller in 1939. The tumor cell of CCC resembled renal cell carcinoma, 
and it was believed to be originated from mesonephric structure. In 1973, CCC was 
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strictly classifi ed as a histological subtype in ovarian cancers by the World Health 
Organization classifi cation. Pathological features of CCC are characterized by clear 
cells growing in solid/tubular or glandular patterns as well as hobnail cells. There 
have been many publications that suggested distinctive clinical behavior of CCC, 
such as platinum-resistant phenotype, and worse prognosis in comparison with 
other histological subtypes [ 1 – 3 ]. However, until now, the treatment modality for 
CCC has been the same as other subtypes of ovarian cancers. The characteristics of 
CCC are described in this chapter, including clinical and molecular characteristics 
of the tumor.  

    Clinical Characteristics of CCC 

    Association with Endometriosis and Prognostic Factor 
in Early- Staged Disease 

 Recently, a marked ethnic difference of has been recognized in the incidence of 
CCC, although the reason for this difference is not clear [ 2 ]. The incidence of CCC 
is less than 10 % in Europe and North America [ 4 ]. However, in Japan, the preva-
lence of CCC is increasing, and now approximately 25 % of epithelial ovarian can-
cer is CCC according to the Japan Society of Obstetrics and Gynecology tumor 
registry in 2014. 

 Association with endometriosis and neoplastic tumor is often reported in CCC 
and endometrioid adenocarcinoma of the ovary. Recently, both atypical endome-
triosis and atypical adenofi broma of the ovary have been considered as precancer-
ous lesions [ 5 ,  6 ]. The ovarian cancer risk was signifi cantly elevated in the patients 
with endometrioma of the ovary (relative risk = 12.4) [ 5 ]. The risk increased sig-
nifi cantly when the patients were diagnosed at elder age, especially over the age 
of fi fties, suggesting that malignant change of endometriosis occurs near meno-
pause stage. K-ras mutation was recognized as one of the triggers of malignant 
change of endometriosis [ 7 ]. Additionally, PTEN mutations are also frequently 
observed (27.3 %) in CCC, suggesting them to be carcinogenesis-related genetic 
changes [ 8 ]. On the other hand, unlike high-grade serous (HGS) tumors, CCC are 
generally p53 wild type and have a lower frequency of BRCA 1 and BRCA 2 
mutations [ 9 ]. 

 Most of CCC tumors are unilateral, and the mean size of CCC is approximately 
15 cm. Additionally, CCC is frequently diagnosed at early-staged disease, and the 
proportion of stage I/II tumors was reported to be about 60 % of all staged CCC 
[ 9 ,  10 ]. In stage I ovarian cancer of all histological subtypes, the incidence of 
lymph node metastasis was reported to range from 5.1 to 20 % [ 11 – 13 ]. On the 
other hand, serous ovarian cancers had a higher incidence of lymph node metas-
tasis than non- serous tumors [ 14 ]. A study of a large number of clear cell carcino-
mas revealed lymph node metastasis was observed in 9.1 % in stage Ia tumors, 
7.1 % in stage Ic tumors, and 10.8 % in pT2 tumors [ 9 ]. Approximately, 10 % of 
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clinical stage I/II tumors would be upstaged as stage IIICA 1 [ 9 ] based on lymph 
node status. 

 The incidence of thromboembolic complications in CCC, such as deep venous 
thrombosis and pulmonary embolism, is reported to be higher than other epithelial 
ovarian cancers (16.9–27.3 % vs. 0–6.8 %) and is considered as an independent 
prognostic factor [ 5 ,  6 ]. 

 Impact of retroperitoneal lymph node status on prognosis in early-staged ovarian 
cancer patients is still controversial. Some retrospective reports showed positive 
relationship: survival rates with node-positive disease were signifi cantly lower in 
clinical stage I and II disease [ 11 ]. In contrast, another report showed that the prog-
noses for clinical stage I/II patients with or without lymph node metastasis were 
similar [ 15 ]. However, in patients with clinical stage I CCC, lymph node involve-
ment was identifi ed as a stronger prognostic factor [ 9 ]. It is suggested that it is 
important to evaluate the lymph node status through complete surgical staging pro-
cedures in CCC patients. Also, complete resection with no macroscopic residual 
tumors could be often achievable in CCC. On the other hand, serous cystadenocar-
cinoma patients often present at advanced-stage tumors and harbor measurable dis-
ease after initial cytoreductive surgery [ 2 ]. 

 Fertility-sparing surgery (FSS) is generally accepted in ovarian cancer patients 
with stage IA and grade 1/2 histology. CCC is regarded as grade 3 tumors, and FSS 
is not recommended even when the patient had Stage IA CCC disease. A multi- 
institutional retrospective study revealed that recurrence was documented in no case 
in 15 cases with stage IA CCC tumors and 4 cases (27 %) in stage IC CCC disease, 
suggesting that FSS could be an optional surgical technique in stage IA CCC cases 
[ 16 ]. Another observational study reported that recurrence was observed in a case 
(4 %) in 23 stage IA CCC and 6 cases (26 %) in stage IC CCC, respectively, and 
concluded that stage IA CCC patients might be treated with FSS [ 17 ]. Although 
further analyses are needed, FSS can be an optional treatment at least in stage IA 
CCC cases. 

 The impact of peritoneal cytology in stage I ovarian cancers still remain unde-
termined. A recent report showed no statistical signifi cant difference between 
stages Ic preoperative versus intraoperative rupture by analyzing prognosis of 94 
carcinoma cases including 25 CCC cases (26.6 %) [ 18 ]. But another report includ-
ing higher ratio of CCC patients showed that stage Ic intraoperative rupture patients 
showed signifi cantly poorer survival than stage Ia patients [ 19 ]. The impact of 
peritoneal cytology was confi rmed in a study analyzing CCC cases only; tumor 
progression was observed in 11 % of stage Ic intraoperative rupture tumors and 3 % 
of stage Ia tumors [ 9 ]. These results implied the importance to remove ovarian 
tumor mass without intraoperative rupture and implantation of tumor cells, espe-
cially in clear cell carcinoma patients. Progression-free survival of the patients 
with stage Ic (ascites/malignant washing) and Ic (ovarian surface) was signifi cantly 
worse than that of stage Ic (capsule ruptured) ( p  = 0.04) [ 9 ]. These results sug-
gested that positive peritoneal cytology could be related with microscopic implan-
tation of CCC cells which potentially harbored resistant clones for anticancer agent 
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drugs, and these diagnoses would lead to early relapse of the disease despite post-
operative chemotherapy.  

    Response to Platinum-Based Therapy and Prognosis of CCC 
and Prognostic Factor for Advanced-Stage CCC 

 Several publications with relatively small sample number have identifi ed that CCC 
often showed resistance to platinum-based chemotherapy, and the response rate of 
primary therapy was extremely lower in CCC compared with serous adenocarcino-
mas [ 1 ,  2 ]. The response rate by combination therapy with paclitaxel and carbopla-
tin was also lower, ranging from 18 to 56 %, reported by Enomoto at ASCO 2003. 
Although there is no larger phase II study confi rming these results, clear cell carci-
noma clearly showed resistance to paclitaxel and platinum as well as conventional 
platinum-based chemotherapy. 

 From a large retrospective cooperative study, 5-year progression-free survival 
and overall survival was 84 % and 88 % in stage I, 57 % and 70 % in stage II, 25 % 
and 33 % in stage III, and 0 % and 0 % in stage IV, respectively [ 9 ]. In advanced 
ovarian tumors, it is well known that optimal surgery achieving residual tumor 
diameter less than 1 cm improved survival of the patients. Since 1986, the 
Gynecologic Oncology Group (GOG) has used the defi nition, “less than 1 cm,” in 
GOG studies [ 1 ]. In the analysis of CCC-specifi c cases, median progression-free 
survival duration was 39 months in the patients with no residual tumor, 7 months in 
those with the tumor diameter <1 cm, and 5 months in those with residual tumor 
diameter >1 cm, respectively [ 9 ]. Only the patients with complete resection could 
achieve a longer survival in advanced-stage cases. From these results, it is suggested 
that cytoreductive surgery achieving no residual tumor could only improve the 
prognosis of advanced CCC. “Optimal” cytoreduction in CCC had better be defi ned 
as “no residual tumor.”  

    Adjuvant Radiotherapy for CCC 

 Postoperative whole abdominal radiotherapy (WAR) had been generally used for 
ovarian cancer patients for many years since 1970s [ 20 ]. However, many gynecolo-
gists changed postoperative radiotherapy to platinum-based chemotherapy, although 
there was no randomized clinical trial to compare WAR with chemotherapy. So far, 
there are a few centers around the world that performed postoperative WAR for 
ovarian cancers. A historical-control study revealed that overall survival and dis-
ease-free survival of CCC patients that received postoperative WAR were signifi -
cantly better compared with those that treated with platinum-based chemotherapy 
[ 21 ]. Additionally, a report including a large number of CCC cases that received 
radiotherapy revealed that radiation therapy achieved almost similar disease- free 
survival compared with Japanese cohorts that mainly treated with chemotherapy 
[ 22 ]. Additionally, it was suggested that radiotherapy was more effective than 
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chemotherapy in a subset of patients with stage IC 2/3 and stage II disease. As a 
relative lack of effi cacy of chemotherapy has been well-known in CCC, potential 
benefi t of radiotherapy would be further evaluated in clinical trials.   

    Molecular Pathology of CCC 

 There are many publications describing molecular markers highly expressed in 
CCC compared with other histology. Mutation in p53 is much less frequent in clear 
cell carcinoma than in other histological types of epithelial ovarian cancers, sug-
gesting that there is another carcinogenesis mechanism in the development of clear 
cell carcinoma [ 23 ]. Wilms’ tumor suppressor 1 gene (WT1) and WT1-antisense 
promoter were signifi cantly methylated in CCC (88.2 %) compared with serous 
adenocarcinoma (24 %) [ 24 ]. Multidrug resistance protein 3 (MRP3), a well-known 
resistance marker to anticancer drug, is also highly expressed in CCC [ 25 ]. Also, 
hepatocyte nuclear factor 1beta (HNF-1beta) is highly expressed and has anti- 
apoptotic effects in clear cell carcinoma [ 26 ]. Gain of 17q21-q24 and consequent 
overexpression of two potential targets, PPM1D and APPBP2, are associated with 
malignant phenotypes of CCC, and these markers were reported as a predictor for 
prognosis [ 27 ]. More recently, frequent alteration of ARID1A [ 28 ] and PIK3CA 
[ 29 ] has been reported. Mutation of ARID1A was observed in approximately half 
of all cases with CCC, and PIK3Ca mutation was detected in about 40 % of CCC 
cases, respectively. Gene expression analysis revealed that CCC showed a specifi c 
expression pattern compared with other subtypes of ovarian cancers [ 30 ]. These 
genetic background combined with cell growth activity could be correlated with the 
distinct behavior of clear cell carcinoma. Suppression of the genes as shown above 
or acceleration of cell cycle might be a useful strategy for the future treatment of 
clear cell carcinoma of the ovary. 

    Results of Challenges to Improve the Prognosis of CCC in the Past 

 Several prospective studies or meta-analysis suggested that CCC is resistant to TC 
chemotherapy. In the JGOG trial, weekly administration of paclitaxel in a dose- 
dense manner with three-week administration of carboplatin signifi cantly improved 
OS and PFS; however, it was not the case for CCC [ 31 ]. Intraperitoneal (IP) chemo-
therapy using cisplatin and paclitaxel improved the OS in optimally debulked stage 
III ovarian cancer, but survival benefi t of IP chemotherapy was not observed in CCC 
and mucinous adenocarcinoma [ 32 ]. In 2014, JGOG presented the results of a ran-
domized clinical trial that evaluated the effi cacy and safety of combination chemo-
therapy using cisplatin and CPT-11 (CPT-P) versus TC. Unfortunately, the CPT-P 
regimen did not show PFS or OS benefi t in stages I–IV CCC compared to TC. 

 These results strongly suggest that changing the conventional cytotoxic chemo-
therapy regimen does not improve the survival of CCC and the necessity of new 
innovative approach to establish an effective strategy for CCC.  
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    Ongoing Clinical Trials and Future Directions 

 Based on the molecular profi le pattern of CCC, the therapeutic target that is of the 
most interest is AKT-mTOR pathway. The fi rst clinical trial using mTOR inhibitor 
is the GOG268 study (a phase II evaluation of temsirolimus (CCI-779) (NCI sup-
plied agent: NSC# 683864, IND# 61010) in combination with carboplatin and 
paclitaxel followed by temsirolimus (CCI-779) consolidation as fi rst–line therapy in 
the treatment of stage III-IV clear cell carcinoma of the ovary). In this study, one of 
the mTOR inhibitors, temsirolimus is being evaluated. The primary objective of this 
study is to assess the benefi t of temsirolimus as measured by the proportion of 
patients who are alive and progression-free for at least 12 months after study entry 
in patients with newly diagnosed stage III or IV CCC. The most interesting propor-
tion of this study is to compare PFS in CCC patients in Japan versus patients in the 
USA and worldwide (outside of Japan). Secondary objectives include to character-
ize the duration of OS and PFS in each population, to examine the frequency and 
serenity of adverse events, and to estimate the rate of objective tumor response in 
patients with measurable disease. Exploratory objectives of this study are to explore 
whether immunohistochemical expression of components of the mTOR signaling 
pathway (PTEN, total and phosphorylated AKT, and ABCC3 (MRP3), ABCF2, 
cyclin E, and VEGF) is associated with outcome, nationality, or clinical character-
istics and to explore whether there are any differences in differential gene expres-
sion profi les between Japan versus the USA and worldwide (outside of Japan). The 
result of this study will be matured late 2015. 

 Anti-angiogenetic agents are also under investigation as a therapeutic target for 
CCC. GOG254 study (a phase II evaluation of SU11248 (sunitinib malate) (IND# 
74019, NSC# 736511) in the treatment of persistent or recurrent clear cell ovarian 
carcinoma) evaluates the effi cacy and safety of sunitinib. Sunitinib is a highly potent 
selective multiple tyrosine kinase inhibitor. The primary endpoints of this phase II 
study are to evaluate the antitumor activity and to examine the nature and degree of 
toxicity. Secondary endpoints are to characterize the distribution of progression- 
free survival and overall survival. This study also has translational research objec-
tives. First translational objective is to determine the pre-cycle 1, pre-cycle 4, and 
off-treatment levels of pro-angiogenic proteins (e.g., angiogenin, soluble VCAM-I, 
bFGF, PDGF, PlGF, VEGF, and HIF1-alpha). The second objective is to identify 
changes in serum and plasma angiogenesis markers at baseline (pre-cycle 1), during 
treatment (cycle 4), and at progression in association with primary and secondary 
clinical endpoints associated with clinical response or progression-free survival. 
The result of this study was presented at the Society of Gynecologic Oncology 
Meeting in 2015 showing that sunitinib was minimally active in the second- and 
third-line treatments of persistent or recurrent CCC. 

 Another anti-angiogenetic agent that will be tested for CCC is nintedanib. A 
Scottish group is testing this agent as randomized phase II study comparing PLD, 
weekly paclitaxel, or weekly topotecan in 90 patients with platinum-resistant recur-
rent CCC. The primary endpoint is PFS, and secondary endpoints include OS, tox-
icity, response rate, and QOL.   
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    Abstract 
   Ovarian epithelial tumor is a complex disease involving several subgroups. 
Ovarian endometrioid carcinoma (OEC) ranks second in terms of incidence, 
occurs in perimenopausal women and is generally diagnosed at early stage. Low 
grade carcinoma arises from endometriotic cysts, with an early loss of ARID1A. 
PTEN and KRAS mutations are also frequent in low grade ECO, although there 
is no data supporting the involvement of NRAS. Conversely, high grade OEC is 
associated with atypical endometriosis and is characterized by genetic instability 
and TP53 and CCNE mutations. 

 OEC shares morphological features of endometrioid tissues as immunochem-
istry shows strong and diffuse expression of estrogen and progesteron receptors, 
vimentine, and wild type p53. Grading is similar to that of endometrioid adeno-
carcinoma of the uterus. Differential diagnosis of low grade OEC include sex 
cords stromal tumors, clear cell carcinomas and carcinosarcoma. Grade 3 EOC 
can be confused with serous carcinoma and metastasis of colorectal 
adenocarcinoma. 

 EOC seems to have a better prognosis than high grade serous tumors even in 
advanced stages. Platinum-based combination chemotherapy with paclitaxel and 
bevacizumab is the standard frontline treatment in the setting of advanced dis-
ease although data in the OEC subgroup remains scarce.   
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     Introduction 

 Epithelial ovarian carcinoma is a complex disease that involves different entities, 
including serous, mucinous, clear-cell, and endometrioid subtypes, alongside ovarian 
carcinosarcoma with different prognoses and outcomes. Although these tumors origi-
nate from the surface of the ovary, they have distinct molecular carcinogenesis path-
ways. As current advances in cancer care rely on the deciphering of molecular 
pathways, one can anticipate that new classifi cations of ovarian tumors will distinguish 
subtypes in which specifi c targeted therapies may be active. Although high- grade 
serous ovarian cancer is the most prominent subtype, endometrioid cancer is not 
uncommon and deserves in-depth investigations to enhance the patients’ outcomes.  

    Epidemiology of Ovarian Endometrioid Carcinoma 

 Ovarian epithelial tumors represent a melting pot where several tumors coexist, hav-
ing different origins and outcomes (for a review of histologic subtypes, see [ 1 ]). 
Endometrioid carcinoma of the ovary ranks second in terms of incidence of epithelial 
tumors, after the serous subtype, accounting for 10–20 % of ovarian  cancers [ 2 – 4 ]. 
According to the SEER database, the incidence of ECO was 2.11 cases/100.000 
women over the 1992–1999 period [ 5 ]. ECO preferentially occurs in perimenopausal 
women and is generally diagnosed at early stages, especially in low-grade tumors 
that grow slowly and may remain confi ned to the ovary for a long time [ 6 ,  7 ]. Of note, 
ECO also (in part) belong to the spectrum of malignancies encountered in the Lynch 
syndrome (or hereditary nonpolyposis colon cancer syndrome), associated to DNA 
mismatch repair abnormalities [ 8 ]. Finally, ECO may be bilateral in 28 % of cases 
and coexist with nonmalignant lesions such as endometriosis or even endometrioid 
carcinoma of the endometrium [ 9 ]. Indeed, coexistence of endometrioid endometrial 
and ovarian cancer routinely raises the question of simultaneous primaries versus 
metastatic disease that may be resolved by gene expression analysis as discussed 
below. Endometrioid and clear-cell carcinoma of the ovary share a number of molec-
ular alterations, but also express molecular differences. Moreover, from the clinical 
point of view, several risk factors have been identifi ed for these two entities, such as 
obesity with a twofold increased risk for clear-cell versus endometrioid carcinoma, 
whereas the risk decreased in smokers and educated patients [ 10 ].  

    Carcinogenesis of Ovarian Endometrioid Carcinoma 

 Over the last years, an outstanding effort has been made to reclassify epithelial ovar-
ian cancer owing to both molecular events and pathologic precursor lesions. Two 
classes of epithelial tumors have been identifi ed, consisting in the following: for 
class I tumors, low-grade serous, low-grade endometrioid, clear-cell carcinoma, and 
mucinous tumors and, for class II tumors, high-grade serous, high-grade endometri-
oid tumors, as well as carcinosarcoma [ 7 ,  11 ]. It is important to acknowledge that 
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endometrioid carcinoma of the ovary may fall in both classes, making of outmost 
importance an adequate grading by the pathologist. 

    Carcinogenesis of Low-Grade Endometrioid Ovarian 
Carcinoma (ECO) 

 Most ECO are low-grade tumors, originating from endometriotic cysts (endome-
triomas), whereas high-grade ECO are morphologically close to the high-grade 
serous subtype, with a consistent gene expression profi le [ 3 ,  12 ]. The transition 
from endometriotic cyst to clear-cell or endometrioid carcinoma requires the early 
loss of ARID1A, a gene involved in chromatin remodeling [ 13 ,  14 ]. Indeed, 
ARID1A mutations appear in 46 and 30 % of clear-cell and endometrioid carcino-
mas, contrasting with 0 % in high-grade serous carcinomas [ 15 ]. Other mutations, 
such as the phosphatase and tensin homolog PTEN can be found in endometriotic 
cysts at signifi cant (57 %) rates [ 16 ] reinforcing the link between both endometrioid 
and clear-cell carcinomas and endometriotic cysts. However, these two conditions, 
although strongly associated with endometriosis, are distinct diseases, given the 
poor prognosis of the latter, certainly owing to different molecular characteristics, 
including the gene methylation profi le [ 17 ,  18 ]. Low-grade tumors are characterized 
by the presence of KRAS mutations [ 19 ,  20 ]. 

 Conversely to colorectal cancer, there is at the moment no data in the literature 
supporting the involvement of NRAS in this subtype. Okuda et al. analyzed the 
frequency of KRAS mutations in a series of 64 clear-cell and endometrioid ovarian 
cancers and found that these mutations occurred in 3.7 and 16.2 % of endometrioid 
and clear-cell carcinomas, respectively [ 21 ]. These relatively low numbers are how-
ever intriguing, but no data regarding to the tumor grade appeared in the report. 
Moreover, clear-cell tumors are more frequent in Eastern countries, and these data 
may not apply to Western countries’ population. Other mutations in type I (low- 
grade) ECO carcinogenesis involve the Wnt pathway with CNNTB1 (beta-catenin) 
and the PI3K/Akt pathway with PI3KCA (phosphoinositide 3 kinase) and PTEN 
(phosphatase and tensin homolog).  

    Carcinogenesis of High-Grade Endometrioid Ovarian 
Carcinoma (ECO) 

 Conversely to the common precursor found in low-grade endometrioid carcinomas 
of the ovary, high-grade endometrioid and clear-cell tumors share a different com-
mon precursor lesion, i.e., atypical endometriosis [ 22 ]. Atypical endometriosis dif-
fers from typical endometriosis by dysplastic characteristics and is present in 8 % of 
endometriotic patients [ 23 ,  24 ]. 

 High-grade endometrioid carcinomas are characterized (as other class II tumors) 
by genetic instability, as well as the presence of TP53 and CCNE (cyclin E1) muta-
tions [ 7 ,  20 ]. Okuda et al. found that the occurrence of p53 mutations was a 
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predictor of poorer survival in endometrioid carcinomas [ 21 ]. This might however 
simply refl ect a subgroup of high-grade patients in their patient’s population, since 
high levels of p53 mutations were found (63 %) that is contradictory to the molecu-
lar characteristics of type I tumors. Hence, given to such a separate carcinogenesis 
pathway, it is likely that there is no transition from low-grade to high-grade endo-
metrioid carcinoma.   

    Morphology and Immunophenotype of Endometrioid 
Ovarian Carcinoma 

 Ovarian endometrioid carcinomas (OEC) have a mean size of 15 cm with mostly a 
smooth outer surface. On the cut surface, the tumor tissue is friable, soft, possibly hem-
orrhagic, or necrotic, sometimes forming polypus masses protruding into cystic spaces. 

 Microscopically OEC shares the morphological features of its endometrial coun-
terpart: most low-grade tumors show a back-to-back arrangement of glands with 
high-columnar pseudostratifi ed epithelium with grade 1 or 2 nuclei and confl uent, 
cribriform to solid, or villoglandular architecture. 

 Immunohistochemical features of EOC are strong and diffuse expression of 
estrogen (ER) and progesterone receptors (PR), coexpression of low-molecular- 
weight cytokeratins and vimentine, absent or weak focal expression of CEA, hetero-
geneous and patchy p16 staining, as well as “wild-type” p53 expression, but aberrant 
p53 expression has been reported in up to 11 % of the tumors. According to the 
genetic mutations underlying carcinogenesis, EOC shows loss of PTEN expression 
and/or nuclear β-catenin expression and in Lynch syndrome loss of DNA MMR 
protein expression of MSH2, MSH6, MLH-1, and PMS2. 

 Grading of EOC is the same as for endometrioid adenocarcinoma of the uterus. 
 Tumors with less than 5 % solid architecture are considered grade 1 (Fig.  15.1 ), 

those with 6–50 % solid growth grade 2, and those with over 50 % solid growth 
grade 3 (Fig.  15.2 ). Nuclear grading is important as the presence of grade 3 nuclei 
involving greater than 50 % of the tumor indicates increased aggressiveness and 
upgrades the carcinoma by one grade.

    Adequate sampling of the tumors should enable to establish whether EOC arises 
in endometriosis, adenofi bromatous endometrioid precursors, or de novo. It should 
allow correct grading and evaluation of tumor extension for staging and give infor-
mation about presence or absence of lymphovascular invasion. 

    Differential Diagnosis 

 Low-grade tumors (grades 1 and 2) display a variety of histological patterns such as 
squamous differentiation with morules (30–50 %); clear-cell changes; mucinous 
glands; sex cord-like, mucin rich, ciliated cell features; oxyphilic changes and 
secretory changes; and spindle cell patterns with hyalinization and even 
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heterologous elements. Unusual appearances can cause major problems in differen-
tial diagnosis. The most common of such variants are EOC with sex cord-like pat-
terns that can be confused with sex cord-stromal tumors like adult granulosa cell 
tumors or sertoli cell tumors. Immunohistochemistry of inhibin and EMA is helpful 
in this setting, as EC is inhibin negative and EMA positive, whereas granulosa and 
sertoli cell tumors are EMA negative and inhibin positive [ 25 ,  26 ]. 

 Clear-cell change in secretory EOC or EOC with squamous differentiation 
may be confused with clear-cell carcinoma. Recently, a panel of immunohisto-
chemical markers containing HNF1β, napsin A, ER, and PR showed a very good 
specifi city of napsin A in differentiating EC from CCC. In addition, ER and PR 
are diffusely and strongly expressed in EC, but absent or only focally positive in 
CCC [ 25 ,  27 ,  28 ]. 

 EOC with spindle cell features, hyalinization, and corded aspects with heterolo-
gous elements may be confused with carcinosarcoma. In contrast to spindle cell 

  Fig. 15.1    EOC grade 1       

  Fig. 15.2    EOC grade 3       
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EOC, heterologous sarcomatous components of carcinosarcoma have high-grade 
cytological features, and the border between carcinomatous and sarcomatous com-
ponents is clear-cut showing no merging of epithelial and spindle cell areas as 
encountered in spindle cell EOC. 

 Endometrioid yolk sac tumors (YSTs) may be distinguished from endometrioid 
carcinoma by the absence of EMA and cytokeratin 7 expression. On the other hand, 
YSTs express SALL4, a marker of germ cell neoplasia, negative in EOC. 

 Papillary low-grade endometrioid carcinomas may challenge differential diagno-
sis with serous carcinoma. In this setting, the morphological clue to diagnosis is the 
discordance between architectural and cytological features. 

 Among high-grade tumors, grade 3 EOC may be confused with serous carci-
noma with a prominent glandular pattern. Immunohistochemistry is helpful as serous 
carcinomas most often harbor p53 mutations, show diffuse and intense p16 and 
nuclear WT1 expression, and are vimentine negatives. However, as some grade 3 
EOC may be p53 mutated (11–33 %), overlapping features can render distinction of 
the two types diffi cult [ 28 ]. Some of the high-grade endometrioid carcinomas rep-
resent probably glandular forms of serous carcinoma [ 29 ,  30 ]. As serous carcino-
mas behave more aggressively than grade 3 EOC, immunohistochemistry should be 
employed in order to correctly classify the tumor [ 31 ] – see Table  15.1 .

   EOC should further be distinguished from metastasis of extraovarian adenocar-
cinomas as colorectal adenocarcinoma (cytokeratin 20 and CDX2 positive and cyto-
keratin 7 negative) or endocervical adenocarcinoma (mostly showing diffuse 
expression of p16 and negative staining for vimentine, RE, RP, as well as positive 
cytoplasmic staining for CEA). 

 In cases of concomitant uterine and ovarian EC, a low-grade uterine EC with 
minimal or no myometrial invasion favors two independent primaries [ 33 ].   

    Prognosis of Endometrioid Ovarian Carcinoma 

 Given the differences in carcinogenesis, supporting that type I and II carcinomas 
are separate entities, plus the fact that most endometrioid carcinomas of the ovary 
belong to the type I class, one may speculate that patient outcomes are different as 

   Table 15.1    Immunohistochemistry of ovarian carcinomas [ 27 ,  32 ,  33 ]   

 PAX8  WT1  p16  p53  ER  PR  Napsin A 

 EOC  84 %  4 %  ±  wt  86 %  72 %  3–5.3 % 

 LGSC  100 %  100 %  ±  wt  96 %  50 %  1 % 

 HGSC  98 %  92 %  +++  93 % a   80 %  30 %  1 % 

 MC  50–60 %  4 %    50 % b   6 %  0 %  0 % 

 CCC  99 %  0 %  ±  12 % a   13 %  6 %  88 % 

   LGSC  low-grade serous carcinoma,  HGSC  high-grade serous carcinoma,  MC  mucinous carci-
noma,  CCC  clear-cell carcinoma,  wt  wild-type p53 expression (not associated with p53 mutation) 
  a Aberrant expression >60 % of strong nuclear or totally absent or <5 % of stained nuclei 
  b Loss of nuclear staining  
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well. In an analysis of 929 patients (270 with pure endometrioid carcinoma and 
659 with high-grade serous tumors), Storey et al. showed that endometrioid carci-
noma patients did better in terms of progression-free and overall survival [ 4 ]. Not 
surprisingly, although the majority of patients had high-grade tumors, less patients 
harbored this subtype in the endometrioid carcinoma group, and more endometri-
oid carcinoma patients were at earlier FIGO stages. The authors reported that 
more endometrioid patients were “debulked” to less than 2 cm residual lesions, 
but fewer had chemotherapy. Despite the limitations of this study, the median 
progression- free survival favored the endometrioid patients (24 vs. 13 months, 
 p  < 0.001). However, when the authors compared the outcomes of the subgroup 
stage III/“optimally” debulked, the difference was not signifi cant (21 vs. 16 
months,  p  = 0.219), however favoring endometrioid patients. Overall survival 
again favored the endometrioid carcinoma patients (48 vs. 22 months,  p  < 0.001) 
and remained signifi cantly better in stage II and III patients (81 vs. 46 months, 
 p  = 0.0219, and 33 vs. 22 months,  p  = 0.002, respectively). This difference in over-
all survival was also found in another study, despite having as well the disadvan-
tages of being retrospective and having recruited patients over decades [ 34 ]. 
Conversely, in a small study recruiting 42 patients, no survival difference was 
found [ 35 ]. Wang et al. investigated patients’ outcome according to the presence 
of concomitant endometriosis. Not surprisingly, those patients were younger and 
had earlier FIGO stage and more low-grade tumors. The presence of concomitant 
endometriosis was linked to a better survival in univariate, but not multivariate 
analysis [ 36 ]. 

 Interestingly, response to platinum-based chemotherapy was similar in both 
groups in the study by Storey et al. that is consistent with the fact that most patients 
had high-grade tumors that are more likely to be chemosensitive than low-grade 
tumors [ 4 ].  

    Treatment 

 The treatment guidelines for ovarian cancer (irrespectively to pathologic subtypes) 
include several cornerstones, among which are adequate staging, carcinologic sur-
gery, and chemotherapy [ 37 ]. Among the past years, a number of phase III trials 
have established the standards of medical care for advanced ovarian cancer, again, 
not specifi cally focusing on a particular subtype, excepted perhaps for clear-cell 
carcinoma. Platinum-based combination with paclitaxel combined with bevaci-
zumab in advanced ovarian cancers is considered as the frontline treatment standard 
and applies to all epithelial ovarian cancer subtypes. Of note, the recent phase III 
trials focusing onto advanced ovarian cancer have enrolled an overwhelming major-
ity of high-grade serous tumors, as compared to endometrioid carcinomas. For 
example, the GOG 218 trial that investigated upfront/maintenance bevacizumab 
recruited a mean of 84 % of high-grade serous tumors versus 3 % of endometrioid 
carcinomas [ 38 ]. In the ICON-7 trial that also investigated bevacizumab, 69 % of 
enrolled patient had serous carcinoma, but the number of endometrioid carcinoma 
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patients enrolled was not reported [ 39 ]. It is therefore extremely diffi cult (and prob-
ably impossible) to speculate on potential differences of treatment effi cacy that may 
arise from pathologic subtypes.  

    Future Directions 

 As in a number of other malignancies such as lung, breast, colorectal cancer, and 
others, recent advances have focused on the dismemberment of cancers according 
to their molecular profi le. More than providing evidences regarding carcinogenesis, 
this effort undoubtedly drives advances in tumor management especially toward the 
identifi cation of “druggable” targets. Of note, a recent translational study in endo-
metrial cancer (the TransPORTEC-3 initiative) identifi ed four different prognosis 
groups according to molecular profi les that are (in part) close to those encountered 
in ovarian endometrioid cancer [ 40 ]. However, low-grade endometrioid carcinomas 
of the endometrium and the ovary do have distinct molecular profi les as PTEN 
mutations are far more frequent in endometrial tumors (67 vs. 17 %,  p  < 0.0001), 
whereas CTNNB1 mutations are in turn more frequent in ovarian tumors (57 vs. 
28 %,  p  < 0.0057), possibly due to distinct microenvironments [ 32 ,  41 ]. These data 
reinforce the need for designing innovative translational approaches to ovarian can-
cer, particularly at the scale of cooperative groups (such as the GINEGEPS within 
the French GINECO group).     
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  16      Mucinous Carcinoma of the Ovary                     
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    Abstract 

   Mucinous ovarian carcinoma is a rare tumor, but deserves separate attention, as 
its clinical behavior is quite different from other types of ovarian carcinoma. This 
has implications for both surgical therapy as well as adjuvant treatment.   

     Introduction 

 Mucinous carcinoma of the ovary is a rare ovarian cancer that is distinct from other 
epithelial subtypes based on specifi c clinical, histologic, and molecular features. 
Until recently, all epithelial ovarian cancers have been eligible for the same clinical 
trials, and treatment recommendations have been generalized to specifi c subtypes. 
Clinical decision making and prognostic information have been applied in a similar 
fashion to all subtypes, despite the difference in clinical behavior and outcomes 
between mucinous ovarian cancer (MOC) and other more common histologic sub-
types. Since 2004, the subtleties of MOC have been investigated, and the clinical 
presentation, biologic behavior, and outcomes data appear to be specifi c to this 
histology [ 1 ,  2 ]. Comparative genomic hybridization (CGH) reveals differences 
between mutational profi les of mucinous and serous ovarian carcinomas. Mucinous 
carcinomas have fewer alterations (additions or deletions), while serous carcinomas 
have multiple alterations throughout the genome (Fig.  16.1 ).
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   While the low incidence is a barrier to performing effective clinical trials specifi c 
to MOC, international involvement has been key to a better understanding of this 
entity and has resulted in improved diagnostics, assessment, and treatment.  

    Epidemiology 

 Mucinous carcinoma of the ovary is a rare subtype of epithelial ovarian cancer. The 
true incidence has been diffi cult to determine due to challenges in pathologic diagno-
sis in differentiating benign, borderline (low malignant potential), and metastatic 
tumors from primary invasive MOC [ 3 ,  4 ]. Most mucinous tumors are actually 
benign or borderline neoplasms; benign mucinous tumors account for 10–15 % of all 
benign ovarian neoplasms [ 5 ,  6 ]. Borderline (low malignant potential) tumors 
account for 67 % of tumors not considered strictly benign and thus are more common 
than invasive MOC [ 7 ]. Until recently, MOC was thought to account for 5–10 % of 
epithelial ovarian malignancies, but a systematic review to exclude tumors of low 
malignant potential and metastatic lesions from gastrointestinal, pancreatic, or other 
gynecologic primary tumors suggested that MOCs are less common and represent 
2.4 % of all epithelial ovarian cancers [ 4 ]. Subsequently, Shimada et al. reviewed and 
reclassifi ed 1400 cases of epithelial ovarian carcinoma. While 16 % were initially 
diagnosed as primary MOC, upon review only 4.9 % were found to be invasive, with 
the remainder intraepithelial, borderline, or metastatic in origin [ 3 ]. 

 This low incidence is supported by a similar percentage enrollment of mucinous 
histology in cooperative group trials. In Gynecologic Oncology Group (GOG) trial 
111, 14 of 410 patients (3.4 %) had MOC [ 8 ]. Intergroup trial IV-10 enrolled 30 of 

CGH profile, mucinous ovarian carcinoma 

CGH profile, serous ovarian carcinoma

  Fig. 16.1    (Courtesy of Drs/Treilleux, D Pissaloux and Pr/Ray-Coquard from centre leon berard, 
Lyon)       
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680 patients (4.4 %) with mucinous histology [ 9 ]. Enrollment in GOG trial 132 
included 16 of 614 patients (2.6 %) with mucinous histology [ 10 ], and enrollment in 
GOG trial 182 included 71 of 4312 patients (1.6 %) with mucinous histology [ 11 ]. 

 The age at diagnosis of MOC is usually described between ages 20–50 years, 
which is younger than that for epithelial ovarian cancer in general [ 12 ]. While 
family history does not appear to be a risk factor, a history of smoking is associ-
ated with a twofold increase in the incidence of both invasive and borderline 
disease [ 13 ].  

    Pathology 

 The diagnosis and classifi cation of mucinous tumors has been problematic and con-
troversial. Accurate diagnosis is essential for appropriate treatment, as standard 
approaches for serous epithelial ovarian cancer are futile, failure to diagnose benign 
or borderline histology results in overtreatment, and failure to identify ovarian dis-
ease as metastatic leads to a missed diagnosis of a gastrointestinal primary and 
incorrect therapy [ 2 ]. 

 Upon gross inspection, these tumors are typically large, unilocular, or multilocu-
lar cysts fi lled with mucoid liquid that becomes gelatinous at room temperature. The 
mean size at diagnosis is 18 cm, but these tumors can be massive and fi ll the abdo-
men and pelvis [ 1 ,  14 ]. 

 The World Health Organization lists specifi c criteria for the diagnosis of 
intestinal- type mucinous borderline tumor. These include the following: (1) tumors 
contain cystic spaces lined by gastrointestinal-type mucinous epithelium with strati-
fi cation and may form fi liform papillae with at least minimal stromal support, (2) 
nuclei are slightly larger than those seen in cystadenomas, (3) mitotic activity is 
present, and (4) goblet cells and sometimes Paneth cells are present but stromal 
invasion is absent [ 15 ]. Marked cytologic atypia without stromal invasion represents 
intraepithelial carcinoma and is a separate entity [ 2 ]. 

 The diagnosis of invasive mucinous carcinoma rests on the presence of stromal 
invasion more than 5 mm in depth or more than 10 mm in area. Invasive MOC is 
further subdivided into expansile (confl uent) and infi ltrative types. The expansile 
(confl uent) type consists of a glandular growth pattern without intervening normal 
ovarian parenchyma, whereas the infi ltrative pattern consists of glands, nest, or indi-
vidual cells which infi ltrate the stroma; the latter appears to be more clinically 
aggressive [ 16 ,  17 ]. 

 The challenge of differentiating among these subtle diagnoses is compounded by 
the frequent coexistence of benign, borderline, intraepithelial, and/or invasive muci-
nous carcinoma within one mass. While this may suggest a continuum of malig-
nancy from benign to invasive disease, direct evidence is lacking. These issues 
make accurate intraoperative diagnosis diffi cult due to limitations of sampling and 
time. The tumor size and coexistence of multiple degrees of malignancy may also 
lead to failure to diagnose a small focus of carcinoma within a large benign or bor-
derline tumor [ 15 ]. 
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 An additional challenge in mucinous carcinoma is determining whether the 
source of the tumor is primary in the ovary or metastatic from another site. Primary 
ovarian tumors tend to be more often unilateral and larger than metastatic tumors 
(16–20 cm versus 11–12 cm). However, large size is not specifi c to primary disease, 
as 32–48 % of metastatic tumors are over 10 cm [ 1 ,  14 ]. Primary ovarian tumors are 
more likely to have coexistent benign or borderline components, an expansile (con-
fl uent) pattern of invasion, and other ovarian pathologies (e.g., mural nodule, 
Brenner tumor, or teratoma). Metastatic disease is more often associated with a 
prominent desmoplastic response, nodular or infi ltrative pattern of invasion, small 
clusters of tumor cells within corpora lutea or albicantia, numerous pools of mucin 
dissecting the ovarian stroma (i.e., pseudomyxoma ovarii) in the absence of a coex-
istent teratoma, extensive signet-ring cell pattern, ovarian surface involvement, vas-
cular invasion, and hilar involvement [ 18 ]. The most common primary sites for 
disease metastatic to the ovary are gastrointestinal, pancreas, cervix, breast, and 
uterus, and these sites should be clearly investigated as a source of malignancy 
when metastatic disease is suspected [ 4 ].  

    Molecular Biology and Genetics 

 Mucinous and serous epithelial ovarian cancers have distinct molecular characteris-
tics, further supporting the functional separation between these histologic subtypes. 
In contrast to serous carcinomas,  K-ras  mutations are identifi ed in 43–65 % of 
MOCs, mucinous borderline tumors, and mucinous cystadenomas [ 12 ,  17 ,  19 – 21 ]. 
Mutations in the p53 tumor suppressor gene occur less frequently than in serous 
ovarian carcinomas but are present in some cases (16 % versus 60 %) [ 22 ]. Gene 
expression profi ling also differs between serous and mucinous histologies [ 23 ,  24 ]. 
MOC does not appear to be linked to BRCA gene mutations, as only about 2 % of 
ovarian cancers associated with BRCA mutations are of mucinous histology [ 25 , 
 26 ]. One recent study has identifi ed amplifi cation of  Her2  in 19 % of mucinous 
tumors, which may provide a rationale for directed therapy in these cancers [ 27 ,  28 ]. 

 Other immunohistochemical and molecular alterations characterize mucinous 
tumors [ 29 – 32 ]. Mucinous tumors are more likely to express E-cadherin and less 
likely to express N-cadherin than serous tumors [ 33 ]. Matrix metalloproteinases and 
WT-1 have also been characterized [ 34 ]. Src kinase has been recently identifi ed as 
a targetable non-receptor tyrosine kinase expressed in many MOCs and may repre-
sent a therapeutic strategy [ 35 ].  

    Clinical Presentation and Diagnosis 

 The constellation of symptoms at presentation, unilaterality, stage, lack of lymphatic 
involvement, and serum tumor markers may suggest a mucinous ovarian neoplasm. 
These tumors are usually quite large, with a median size of 18 cm, but may be 
extremely large, presenting with a mass effect or ureteral obstruction [ 36 ,  37 ]. 
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Primary tumors are larger than metastatic tumors, and nearly 80 % of primary muci-
nous ovarian tumors are unilateral, a feature that distinguishes these tumors from 
serous ovarian carcinomas and from mucinous cancers metastatic to the ovary [ 16 ]. 
Based on these characteristics, Seidman has developed an algorithm to predict pri-
mary ovarian versus metastatic origin, in which a unilateral tumor great than 10 cm 
correctly predicts primary ovarian origin in 82 % of cases. Conversely, bilateral 
tumors less than 10 cm accurately predict metastatic disease in 95 % of cases [ 4 ]. 

 The stage at diagnosis in primary MOCs is more likely to be early stage than in 
serous ovarian carcinomas. Whereas 83 % of MOCs are stage I at diagnosis, only 
4 % of serous ovarian cancers are stage I at diagnosis [ 38 ]. Lymphatic dissemination 
does not occur in mucinous ovarian tumors, a fi nding which affects not only stage 
but also the surgical staging procedure [ 39 ]. 

 The profi le of serum tumor markers elevated in MOC also suggests the histology 
and the primary disease site. Serum carcinoembryonic antigen (CEA) and CA19-9 are 
often elevated in primary mucinous ovarian cancer but to a lesser extent than in colorec-
tal tumors. These markers do not help to determine the site of primary origin [ 40 ]. The 
ratio of CA125 to CEA, when greater than 25, suggests primary ovarian origin [ 17 ]. In 
total, CEA, elevated in over 30 % of all ovarian cancers, is the most useful marker in 
suggesting a preoperative diagnosis of MOC and in following a patient’s disease course 
following initial diagnosis. Other biomarkers that tend to be elevated in MOC include 
CA72-4, matrix metalloproteinase-9, CD40L, insulin-like growth factor-binding pro-
tein-1, myeloperoxidase, and tissue plasminogen activator- 1 [ 41 ].  

    Initial Treatment 

 The cornerstone of treatment is surgery. Any suspected ovarian mass should be 
removed intact, typically with the involved adnexa being removed and sent for intra-
operative pathologic evaluation. Pelvic washings are obtained upon entry into the 
peritoneal cavity. In a woman who has completed childbearing, surgery should con-
sist of total hysterectomy and bilateral salpingo-oophorectomy. A benign mucinous 
cystadenomy requires no additional surgery. Upon return of pathology indicating a 
mucinous tumor of low malignant potential or invasive cancer, the entire abdomino-
pelvic cavity is inspected with careful attention to the gastrointestinal tract to evalu-
ate a possible focus of gastrointestinal primary, and the appendix is removed 
[ 42 – 44 ]. If there is no evidence of extra ovarian disease, the appendix may be 
retained, but this is controversial, and others advocate appendectomy even in the 
setting of a benign mucinous tumor [ 45 ]. Any extra ovarian disease is removed 
entirely with the goal of leaving no macroscopic residual disease. If the extent and 
distribution of disease precludes complete resection, surgery is directed to alleviate 
patient symptoms, surgery is stopped, and chemotherapy is initiated. Interval deb-
ulking surgery proceeds after 3 cycles of neoadjuvant chemotherapy if the patient 
responds [ 42 ,  46 ]. If no extra ovarian disease is identifi ed, a staging procedure is 
performed, consisting of peritoneal biopsies, omentectomy, and biopsy of any sus-
picious area. The incidence of lymphatic metastases is extremely low in mucinous 
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tumors, so lymphadenectomy is omitted from the staging procedure, but enlarged 
lymph nodes should be removed [ 39 ,  47 ]. Accurate determination of the presence of 
an invasive component may be diffi cult at the time of intraoperative pathology eval-
uation due to the size of the mass [ 48 ]. Therefore, staging is performed any time a 
mucinous tumor of low malignant potential or invasive cancer is identifi ed. 

 The route of surgery in the setting of known metastatic disease should be through 
a vertical midline incision. In the absence of known metastatic disease, minimally 
invasive surgery may be superior in terms of postoperative recovery and is accept-
able when the mass can be removed in a specimen retrieval bag without intentional 
spill or rupture [ 49 ,  50 ]. Rupture of the mass should be avoided, as this upstages the 
patient and may increase the risk of recurrence. Morcellation in the abdominal cav-
ity or trocar sites should absolutely be avoided [ 16 ]. The correct technique involves 
placing the detached specimen into the specimen retrieval bag and drawing the 
edges of the bag out through one trocar site, enlarging it if necessary. Once the cir-
cumference of the bag opening is externalized, a large bore spinal needle or suction 
device is used to aspirate the fl uid, decompress the cyst, and the mass is removed 
without contact with the peritoneum, subcutaneous tissues, or skin [ 51 ]. 

 Patients who wish to retain childbearing potential may undergo fertility-sparing 
surgery, with conservation of the normal-appearing uterus and contralateral ovary in 
early-stage disease. A recent study reported 7 patients with clinically early-stage 
MOC who underwent fertility-sparing surgery; all were without evidence of recur-
rence at a median follow-up of 47.3 months, and one patient had a term pregnancy 
resulting in a live birth [ 52 ]. Another study found no differences in recurrence-free 
or disease-specifi c survival among 35 patients who underwent fertility-sparing sur-
gery compared with 55 patients who underwent radical surgery for clinically appar-
ent early-stage MOC [ 53 ]. Fertility-sparing surgery does not imply ovarian 
cystectomy, as the involved adnexa should be removed, nor does it obviate the need 
for staging.  

    Adjuvant Therapy 

 Patients with stage IA or IB grade 1 tumors do not require adjuvant therapy. 
According to the NCCN guidelines, patients with stage IB grade 2 tumors may 
undergo observation or 3–6 cycles of adjuvant chemotherapy. Patients with stage IC 
grade 3 disease or greater should receive 3–6 cycles of adjuvant chemotherapy [ 42 ]. 
However, adjuvant chemotherapy in the setting of early disease is not clearly of 
benefi t. The two largest trials of adjuvant chemotherapy in this setting, ICON 1 and 
ACTION, enrolled a total of 180 patients with a mucinous-type tumor. While 18 % 
of patients overall relapsed, there were no differences in relapse rate or outcome of 
the treated patients compared with patients undergoing observation [ 54 ]. 

 Defi nitive recommendations for effective chemotherapy are lacking based on 
poor results with paclitaxel and carboplatin, chemotherapy that is usually effective 
in this setting in serous ovarian carcinoma. The results of several retrospective anal-
yses demonstrate resistance to this regimen. The Hellenic Cooperative Group 
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reported a lower response rate (38.5 versus 70 %,  p  = 0.001) in 47 patients with 
advanced MOC when compared to 94 matched controls with serous ovarian can-
cers. Time to progression and overall survival were not signifi cantly different [ 55 ]. 
A similar study from the Royal Marsden Hospital found a similar response rate but 
lower PFS (5.7 versus 14.1 months) and OS (12.0 versus 36.7 months) among 27 
patients with MOC compared with 54 controls with serous ovarian carcinoma [ 1 ]. 
Additionally, a Dutch Cancer Registry showed that patients with advanced-stage 
MOC have a worse prognosis than patients with advanced-stage serous ovarian car-
cinoma (11 versus 26 % 5-year survival,  p  < 0.01) [ 56 ]. 

 Although the percentage enrollment of primary MOC is small, pooled data from 
multiple cooperative group trials have demonstrated the limited effi cacy of pacli-
taxel and carboplatin in patients with MOC (see Prognosis). A pooled analysis of 7 
Gynecologic Cancer InterGroup trials including 8704 patients, 264 (3 %) of whom 
had mucinous tumors, reveals that despite a higher resection rate at primary surgery, 
the hazard ratio for progression was 2.1 and for death was 2.7 when compared to 
serous ovarian carcinomas [ 57 ]. Additionally, a pooled analysis of GINECO (French 
cooperative group) found that 5 % of enrolled patients had MOC, and these patients 
were less likely to have advanced disease and more likely to achieve complete cyto-
reduction, but had a worse prognosis with a greater proportion of visceral metasta-
ses, a lower response rate to paclitaxel and carboplatin, and a shorter progression-free 
(PFS) and overall survival (OS) when compared with serous ovarian carcinoma 
[ 58 ]. A pooled analysis of 7 Gynecologic Oncology Group (GOG) trials including 
1896 patients, 34 (1.8 %) of whom had MOC and received 6 cycles of paclitaxel and 
carboplatin, revealed that these patients had a worse PFS (10.5 versus 16.9 months) 
and OS (14.8 versus 45.1 months) when compared with serous carcinoma [ 59 ]. 

 The search for alternative, more effective chemotherapy has included regimens 
utilized for gastrointestinal cancer based on the histologic appearance and bio-
logic similarities. The combination of oxaliplatin and a fl uoropyrimidine using 
either 5- fl uorouracil or capecitabine has been used, but there are no published data 
clearly supporting their use in this setting. An international combined cooperative 
group trial including the GCIG, GOG, NCRI, and NCT compared oxaliplatin and 
capecitabine with carboplatin and paclitaxel ± bevacizumab in each arm. This trial 
had slow accrual so was closed prior to completion [ 51 ]. Review of the prelimi-
nary results indicates diffi culty in accurate diagnosis of primary disease, as many 
enrolled patients were in fact extraovarian primary malignancies metastatic to the 
ovary [personal communication, David Gershenson, January 19, 2016]. This 
highlights the need for prospective pathology evaluation in any trial involving 
primary MOC.  

    Recurrent Disease 

 A paucity of information exists on the treatment of recurrent mucinous ovarian cancer. 
Patients with platinum-sensitive disease (platinum-free interval greater than 6 months) 
also appear to do worse than their counterparts with recurrent serous ovarian cancer. 
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In the only study to evaluate outcomes in the recurrent setting, the response rate to 
second-line treatment with platinum-based chemotherapy was lower in patients with 
mucinous histology (36 % versus 62 %,  p  = 0.04), PFS was worse (4.5 versus 8 months, 
 p  = 0.03), and OS was worse (17.9 versus 28.8 months,  p  = 0.003) [ 60 ].  

    Prognosis 

 The prognosis of MOC varies by stage. Compared to patients with serous ovarian 
cancer, a greater proportion of patients with MOC are diagnosed at an early stage, 
and these patients have a 5-year survival of 90.8 % [ 36 ]. This is signifi cantly better 
than the 5-year survival for serous carcinoma of the ovary, reported at 75.9 % [ 5 ]. A 
large analysis of the Dutch Cancer Registry confi rmed these fi ndings, demonstrat-
ing an improved prognosis for MOCs compared with serous ovarian carcinomas in 
early-stage disease (79 % versus 73 % 5-year survival,  p  < 0.01) [ 56 ]. Risk of recur-
rence is also lower than for other histologic subtypes, with a hazard ratio of 0.37, 
and 5-year survival independent of stage is better for mucinous than for serous when 
all patients are considered (58 % versus 40 % 5-years survival,  p  < 0.01) [ 56 ,  61 ]. 
Similarly, the median OS for over 6000 patients with ovarian cancer in the Swedish 
family study was also signifi cantly better for mucinous than serous histology (970 
versus 34 months) [ 62 ]. This is likely due to the preponderance of early-stage dis-
ease and its excellent prognosis. 

 Women with advanced-stage mucinous carcinoma of the ovary, however, do 
poorly and have a worse outcome than women with other histologic subtypes of 
ovarian cancer. This was demonstrated in a matched cohort study of patients with 
stage III and IV disease, in which 27 patients with mucinous ovarian cancer and 54 
patients with other histologic subtypes were evaluated. The only factors that dif-
fered between groups were PFS (5.7 versus 14.1 months,  p  < 0.001) and OS (12.0 
versus 36.7 months,  p  < 0.001) [ 1 ].  

    Future Research 

 Future research centers on fi nding active agents against MOC. Cell line studies 
have shown resistance to single-agent platinum and taxane agents, but some activ-
ity was demonstrated with oxaliplatin, etoposide, and 5-fl uorouracil (5-FU). The 
most active combination was oxaliplatin and 5-FU. A mouse xenograft model 
confi rmed these fi ndings [ 63 ]. This has lead to a clinical trial currently enrolling 
women in Japan with advanced or recurrent MOC in a single-arm phase II trial of 
oxaliplatin in combination with S-1, a drug comprised of tegafur, gimeracil, and 
oteracil [ 2 ]. 

 Other investigators have previously evaluated CPT-11 and mitomycin-C [ 64 ]. As 
noted, the GCIG initiated a 4-arm, phase III trial which randomized carboplatin and 
paclitaxel ± bevacizumab with oxaliplatin and capecitabine ± bevacizumab. The trial 
closed early due to low accrual [ 51 ]. 
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 Other areas of interest include the role of Src kinase, a non-receptor tyrosine kinase 
which regulated tumor progression. This is a mutation targetable with a novel agent 
which inhibits both Src signaling and pre-tubulin [ 35 ]. Additionally, therapeutics tar-
geting the ras pathway may be useful to investigate in the recurrent setting. 

   Conclusions 
 Primary mucinous ovarian cancer is a distinct entity which differs from other 
histologic subtypes. Surgical management, including fertility-sparing surgery, is 
key in the management of these tumors. Early-stage tumors do not require che-
motherapy and have an excellent prognosis. Late-stage and recurrent tumors, 
however, do not have a defi ned therapy at this time, as paclitaxel and carboplatin 
are not useful in this setting. Current research focuses on identifying active com-
bination regimens and targeted therapy potentially useful in managing this diffi -
cult disease.      
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    Abstract 
•     Carcinosarcomas (also known as malignant mixed müllerian tumors) are rare 

and highly aggressive epithelial malignancies that contain both malignant sar-
comatous and carcinomatous elements.  

•   Uterine carcinosarcomas (UCs) are uncommon with more than 35 % present-
ing with extrauterine disease at diagnosis. Up to 90 % of ovarian carcinosar-
comas (OCs) will have spread beyond the ovary.  

•   Prognosis for localized stage disease is poor with a high risk of recurrences, 
both local and distant, occurring within 1 year. The survival of women with 
advanced uterine or ovarian carcinosarcoma is worse than in endometrioid or 
high-grade serous histologies. No improvement in survival rates has been 
observed in recent decades with an overall median survival of less than 2 
years.  

•   Currently, there is no clear evidence to establish consensus guidelines for the 
therapeutic management of carcinosarcomas.  

•   Until recently, gynecological carcinosarcomas were considered as a subtype 
of sarcoma and treated as such. However, carcinosarcomas are now thought to 
be related to metaplastic carcinomas and so should be treated as endometrial 
or ovarian high-risk carcinomas, despite the lack of specifi c data.  
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•   For uterine carcinosarcomas (UCs), a comprehensive management approach 
is recommended with complete surgical staging followed by systemic chemo-
therapy in patients with both early- and advanced-stage disease. Active agents 
include Paraplatin, cisplatin, ifosfamide, and paclitaxel. The carboplatin- 
paclitaxel combination is the most widely used regimen in the adjuvant and 
advanced setting. Adjuvant radiotherapy (external beam radiation and/or 
vaginal brachytherapy) has not shown any overall survival benefi t but could 
reduce local recurrences.  

•   For ovarian carcinosarcomas (OCs) as for other ovarian epithelial cancers, the 
mainstay of treatment remains cytoreductive surgery followed by platinum- 
based chemotherapy, usually carboplatin-paclitaxel, even in early stages.     

       Epidemiology 

 Carcinosarcoma is a rare gynecological neoplasm that belongs to the category of mixed 
müllerian tumors, with both components (epithelial and mesenchymal) being malignant. 
These tumors can occur in any part of the gynecological tract but are most often seen in 
the uterine cavity where they accounts for less than 5 % of malignancies, followed by the 
ovary (1–3 % of ovarian tumors). According to an analysis of the Surveillance, 
Epidemiology, and End Results (SEER) program, the adjusted rate of uterine and ovarian 
carcinosarcomas is 0.6 per 100,000 and 0.19 per 100,000 women, respectively. 

 Although a higher incidence has been reported in African-Americans, the 
risk factors associated with the development of uterine carcinosarcomas are 
identical to other endometrial carcinomas, such as obesity, nulliparity, exoge-
nous estrogen use, or tamoxifen therapy (RR = 2–7) with a median time to 
occurrence of 9 years. Prior pelvic radiotherapy has been implicated as a risk 
factor in 5–30 % of patients [ 1 ]. The risk factors are not well established for 
ovarian carcinosarcomas.  

    Clinical Features 

 Carcinosarcoma is a highly aggressive tumor. Up to two thirds of patients present 
with advanced-stage disease, with tumor extending outside the uterus or ovary and 
involving the peritoneum. 40–60 % of women with uterine carcinosarcoma present 
with stage I or II disease; at diagnosis, the majority of ovarian carcinosarcomas 
(>90 %) have spread beyond the ovary. 

 Uterine and ovarian carcinosarcomas typically occur in postmenopausal women 
at a median age of 65 years, later than other epithelial tumors. Clinical symptoms 
are those typically found in standard uterine endometrial carcinomas, with vaginal 
bleeding, pelvic mass, lower abdominal pain, or abnormal pap smears. In the ovary, 
the tumor is often diagnosed at the time of peritoneal spread and presents as a pelvic 
mass with peritoneal carcinomatosis. 

 Clinical and radiological staging tend to underestimate the extent of the disease, as 
up to 60 % of clinical stage I uterine tumors are found to have lymph node metastases. 
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   Table 17.1    FIGO ovarian cancer staging 2014   

 Stage I: tumor confi ned to 
ovaries 

  IA   Tumor limited to 1 ovary, capsule intact, no tumor 
on surface, negative washings 

  IB   Tumor involves both ovaries otherwise like IA 

  IC     IC1: surgical spill 

   IC2: capsule rupture before surgery or tumor on 
ovarian surface 

   IC3: malignant cells in ascites or peritoneal 
washings 

 Stage II: tumor involves 1 or 
both ovaries with pelvic 
extension (below the pelvic 
brim) or primary peritoneal 
cancer 

  IIA   Extension and/or implant on the uterus and/or 
fallopian tubes 

  IIB   Extension to other pelvic intraperitoneal tissues 

 Stage III: tumor involves 1 or 
both ovaries with 
cytologically or 
histologically confi rmed 
spread to the peritoneum 
outside the pelvis and/or 
metastasis to the 
retroperitoneal lymph nodes 

  IIIA   Positive retroperitoneal lymph nodes and/or 
microscopic metastasis beyond the pelvis 

 IIIA1     Positive retroperitoneal lymph nodes only 

 IIIA1(i)    Metastasis ≤10 mm 

 IIIA1(ii)    Metastasis >10 mm 

 IIIA2      Microscopic, extrapelvic (above the brim) 
peritoneal involvement ± positive 
retroperitoneal lymph nodes 

  IIIB   Macroscopic, extrapelvic, peritoneal metastasis 
≤2 cm ± positive retroperitoneal lymph nodes. 
Includes extension to capsule of the liver/spleen 

  IIIC   Macroscopic, extrapelvic, peritoneal metastasis 
>2 cm ± positive retroperitoneal lymph nodes. 
Includes extension to capsule of the liver/spleen 

 Stage IV: distant metastasis 
excluding peritoneal 
metastasis 

  IVA   Pleural effusion with positive cytology 

  IVB   Hepatic and/or splenic parenchymal metastasis, 
metastasis to extra- abdominal organs (including 
inguinal lymph nodes and lymph nodes outside of 
the abdominal cavity) 

   Table 17.2    FIGO endometrial cancer staging 2014   

 IA  Tumor confi ned to the uterus, no or <½ myometrial invasion 

 IB  Tumor confi ned to the uterus, >½ myometrial invasion 

 II  Cervical stromal invasion, but not beyond uterus 

 IIIA  Tumor invades the serosa or adnexa 

 IIIB  Vaginal and/or parametrial involvement 

 IIIC1  Pelvic node involvement 

 IIIC2  Para-aortic involvement 

 IVA  Tumor invasion bladder and/or bowel mucosa 

 IVB  Distant metastases including abdominal metastases and/or inguinal lymph nodes 

 The staging system for carcinosarcomas is the same as that applied to endome-
trial and ovarian carcinomas (FIGO 2014) [ 2 ] (Tables  17.1  and  17.2 ).
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        Morphological Features 

 Uterine carcinosarcoma is typically a polypoid, bulky mass fi lling the entire uterine 
cavity, with a hemorrhagic and necrotic component. Myometrial invasion is fre-
quent as well as extension beyond the uterus. Ovarian carcinosarcoma is also typi-
cally a very large tumor with massive areas of hemorrhage and necrosis. The 
morphological features and biology of this tumor appear identical irrespective of its 
site of origin in the female genital tract [ 3 ]. 

 Histologically (Fig.  17.1 ), the tumor is biphasic, with both malignant epithelial and 
mesenchymal elements. The carcinomatous component comprises an admixture of 
high-grade carcinomas of endometrioid grade 3, serous, clear cell, or undifferentiated 
features. The sarcomatous component is either homologous or heterologous. 
Homologous sarcoma comprises high-grade undifferentiated round cell or spindle 
cell sarcomatous proliferation, with some features similar to an endometrial stromal 
sarcoma or fi brosarcoma. Heterologous elements, which are seen in approximately 
50 % of cases, may show cartilaginous, osteosarcomatous, rhabdomyosarcomatous, 
or liposarcomatous differentiation. Neural or angiomatoid differentiation may also be 
seen. Myxoid change with hyaline globules is a prominent feature. The proportion of 
each carcinoma or sarcoma component may vary from one tumor to another [ 3 ].

  Fig. 17.1    Uterine 
carcinosarcoma       
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   The histology of the metastatic component is more in keeping with an epithelial 
origin, since myometrial and lymphovascular invasion often display an epithelial 
morphology. The metastatic tumors show an epithelial component, in approxi-
mately 70 % of cases, while both carcinomatous and sarcomatous elements are 
found in 25 % of cases and sarcoma in only 6 % of metastatic tumors [ 4 ]  

    Molecular Genetics 

 The histogenesis of female genital tract carcinosarcomas has been debated and sev-
eral theories have been proposed, including the collision between a carcinoma and 
an adenosarcoma, and the combination theory, in which both components arise 
from a single stem cell clone. However, the conversion theory postulating that sar-
coma derives from carcinoma is currently favored [ 4 ]. Recent immunohistochemi-
cal and molecular fi ndings support the hypothesis that gynecological carcinosarcomas 
are metaplastic carcinomas. Cell lines established from carcinosarcomas are able to 
differentiate into either epithelial components, mesenchymal components, or both 
[ 5 ]. Immunohistochemistry demonstrates the expression of epithelial markers in the 
sarcomatous component of carcinosarcoma. Moreover, clonality study patterns, 
genomic analysis, and loss of heterozygosity (LOH) studies have shown that the 
carcinomatous and sarcomatous components of these tumors share common genetic 
alterations and are monoclonal [ 6 ]. The transformation of a carcinoma to a sarcoma 
in these tumors may represent transdifferentiation as seen in epithelial to mesenchy-
mal transition phenomena [ 7 ]. Several studies have demonstrated the expression of 
EMT-related genes in these tumors. A loss of epithelial characteristics, including an 
E-cadherin to N-cadherin switch, and an acquisition of mesenchymal phenotype 
were seen along with changes in the miRNA expression profi le and the upregulation 
of all the E-cadherin repressors analyzed. Specifi cally, the miR-200 family appears 
to be a key regulator of EMT, through the downregulation of the  E-cadherin  repres-
sors Zeb1 and Zeb2, thereby maintaining the epithelial phenotype. In addition, 
phospho-Akt (which plays a key role in EMT) is increased in the mesenchymal 
component and correlated negatively with E-cadherin expression, and this was asso-
ciated with signifi cant upregulation of an EMT transcription factor, Slug [ 8 ]. 

 The molecular alterations seen in uterine carcinosarcomas are more akin to type 
II non-endometrioid than type I endometrioid uterine carcinomas. Data concerning 
molecular alterations in ovarian and uterine carcinosarcomas are scarce and based 
on analysis of a relatively small number of samples [ 9 ]. TP53 mutations and/or 
protein overexpression is considered to be the most frequent events with p53 posi-
tivity observed in up to 60 % of tumors and TP53 mutations in 23 % of cases [ 10 ]. 
 PI3KCA  mutations have also been reported in 19 % of uterine carcinosarcomas and 
 KRAS  mutations in 24 % [ 11 ]. Contradictory results have been found with  PTEN  
mutations: 0–14 %. In rare cases, mutations affecting β- catenin  (7 %) and  NRAS  
(2 %) have been identifi ed. Studies have demonstrated that up to 45 % of uterine 
carcinosarcomas express Abl, 19 % HER-2/neu, 100 % PDGF-R β, 32 % ER-β, and 
23 % EP-B. Overexpression of Cox-2 (33 %), EGFR (30 %), Trop-2 (35–57 %), 
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c-KIT (16–25 %), TGF-β, and PARP has also been reported. VEGF is strongly 
expressed in uterine carcinosarcomas [ 12 ]. Consistent with the high frequency of 
P53 alterations, most uterine carcinosarcomas exhibit high chromosomal instability. 
Cytogenetic studies of uterine carcinosarcomas have revealed extremely complex 
karyotypes with gross chromosomal anomalies, such as polysomy 8. Comparative 
genomic hybridization studies have demonstrated gains and losses at multiple chro-
mosomal loci [ 6 ]. Gains (85 %) were observed more frequently than losses (30 %). 
The most frequently occurring CGH changes were gains on chromosomes 1q, 2p, 
8q, 12p, 19q, and 20q and losses on 4q, 9q, and 13q.  

    Prognosis 

 Female genital tract carcinosarcomas have a very poor prognosis with overall 5-year 
survival of less than 30 %. 

    Uterine Carcinosarcoma 

 Although stage I uterine carcinosarcoma has a better prognosis (50 % of 5-year 
overall survival), it is still signifi cantly worse than in stage I high-grade endometrial 
carcinoma (80 % 5-year overall survival) [ 1 ]. Median overall survival varies from 8 
to 26 months [ 13 ]. Most patients experience a relapse within 1 year after completion 
of treatment. The FIGO stage, patient’s age (over 55), depth of myometrial invasion, 
and patient’s race are the most frequently reported prognostic factors in uterine 
carcinosarcoma. Lymph node dissection, tumor size, lymphovascular space inva-
sion, parity, and grade of the sarcomatous compound have a less certain prognostic 
value, while data on the presence of heterologous elements or previous pelvic radio-
therapy are contradictory [ 12 – 15 ].  

    Ovarian Carcinosarcoma 

 Overall, the prognosis for ovarian carcinosarcomas appears worse than in uterine 
carcinosarcomas [ 13 ] even if controversial [ 14 ] and surely worse than in high-grade 
ovarian carcinomas of a similar FIGO stage [ 16 ]. Most (90 %) present with an 
advanced disease (>stage I), and the median overall survival ranges from 7 to 27 
months. Five-year overall survival is only 7–20%for patients with advanced-stage 
(III or IV) disease. 

 For ovarian carcinosarcomas, the FIGO stage is the strongest prognostic factor. 
Some reports indicate that complete cytoreduction, advanced age, sarcomatous 
component grade, and the use of adjuvant chemotherapy are prognostic factors [ 16 ]. 
It should be noted that the limited number of patients, with various regimens used 
over an extended period, and the lack of central pathological review in such retro-
spective studies make it impossible to draw defi nitive conclusions.   
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    Initial Treatment 

 Optimal treatment remains uncertain. Ovarian and uterine carcinosarcomas are rou-
tinely excluded from upfront clinical trials. Treatment recommendations are mainly 
based upon retrospective studies with small patient populations especially for ovar-
ian carcinosarcomas. 

    Surgery 

    Uterine Carcinosarcoma 
 Primary treatment includes peritoneal lavage for cytology, total abdominal hyster-
ectomy, bilateral salpingo-oophorectomy with dissection of the pelvic and para- 
aortic lymph nodes, and maximal tumor debulking. Surgical staging for these 
tumors should follow the procedures performed for ovarian carcinoma, including 
detailed examination of the entire abdominal cavity and retroperitoneal spaces and 
appropriate biopsies. Although the role of omentectomy is unclear, it is recom-
mended in women with early-stage disease. The role of lymphadenectomy is a sub-
ject of current debate. However, given the relatively high incidence of lymph node 
involvement (14–38 % in early stage), regarding impact on survival, the majority of 
the retrospective studies suggest a signifi cant survival benefi t of the lymph node 
dissection in uterine carcinosarcomas [ 17 ,  18 ]. Nemani et al. [ 17 ] reported a signifi -
cant OS benefi t associated with lymph node dissection, with a 5-year OS of 49 % 
versus 35 % for patients who had not undergone lymph node dissection. Therefore, 
adequate lymphadenectomy appears necessary for both staging and therapeutic rea-
sons. In advanced disease, primary cytoreductive surgery is generally performed, 
despite the lack of clear evidence. In a recent series, cytoreductive surgery was 
found to improve overall survival in patients with advanced carcinosarcomas [ 19 ].  

    Ovarian Carcinosarcoma 
 Cumulative retrospective data support the benefi t of an optimal surgical cytoreduction 
with total abdominal hysterectomy, bilateral salpingo-oophorectomy, omentectomy, 
abdominal fl uid aspiration, pelvic and para-aortic lymph node dissection, and tumor 
debulking. Given the rarity of ovarian carcinosarcomas, the role of cytoreductive sur-
gery has not been prospectively evaluated. Several small retrospective studies with 
fewer than 50 patients have reported an improved outcome for patients undergoing an 
optimal debulking surgery, without residual disease. One of the largest studies, includ-
ing 50 patients, reported DFS of 19 months for patients with only microscopic disease, 
compared to 10 months for those with less than 1 cm residual disease and 5 months for 
those with more than 1 cm ( p  = 0.01). Overall survival is 47, 18, and 8 months, respec-
tively ( p  = 0.02) [ 16 ]. From the SEER database, Garg reported improved survival for 
patients with lymphadenectomy suggesting the benefi t of lymph node dissection, 
although this may refl ect stage migration. The risk of death was reduced by 34 % after 
lymphadenectomy (HR = 0.66, 95 % CI = 0.56–0.78) [ 13 ]. Conservative surgery is never 
indicated for ovarian carcinosarcoma even in adequately staged stage IA disease.   
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    Adjuvant Treatment for Early Stage 

 Due to the high rate of local and distant recurrences, even for early-stage disease, 
adjuvant systemic treatment is generally considered. There is still no clear consen-
sus on the best adjuvant therapy for patients with carcinosarcoma as most studies 
are retrospective and describe the outcome in a small number of patients who were 
given a variety of treatment regimens. 

    Uterine Carcinosarcomas 

   Adjuvant Radiotherapy 
 Pelvic recurrence is common, even for patients with early-stage disease; therefore, 
pelvic radiotherapy (with or without brachytherapy) has been commonly used and 
reduces the incidence of local pelvic recurrence [ 20 ]. However, its impact on patient 
survival is not proven and remains controversial. The only phase III study compar-
ing pelvic radiotherapy and observation is Reed’s EORTC study. 

 Two hundred and twenty-four (224) FIGO stage I–II uterine sarcomas, including 
91 carcinosarcomas, were randomized between observation and RT. Analysis of all 
patients revealed a reduction in local relapse ( p  = 0.004) but no effect on either over-
all or disease-free survival. The local recurrences rate was 18.8 % for patients treated 
with radiotherapy and 35.9 % in the observation arm. The same results were 
observed among patients with carcinosarcomas. However, most patients relapsed 
simultaneously at distant sites, and therefore radiotherapy appears to be of limited 
value [ 20 ]. 

 The SEER database from Wright recorded 1819 patients with stage I–II uterine 
carcinosarcomas and reported, in a multivariate model, a 21 % reduction of death 
for women who underwent radiotherapy. The benefi t was only observed for women 
who did not undergo lymph node dissection [ 21 ]. In the second study using also 
SEER data ( n  = 2461), Clayton Smith reported an improvement in overall survival 
for women with uterine carcinosarcomas treated with postoperative radiotherapy 
compared to surveillance. The overall 5-year survival was 41.5 %, using adjuvant 
radiotherapy compared to 33.2 % ( p  < 0,001) [ 22 ]. However, a third SEER analysis 
( n  = 1855) did not show any impact of radiotherapy on further prognosis (also in the 
group of patients without lymphadenectomy) [ 17 ]. Large database reviews present 
limitations because of the lack of standardization in surgery, radiotherapy, and che-
motherapy, the absence of centralized pathological review, and the potential impact 
of patients and physicians preference on adjuvant treatment. 

 The Gynecologic Oncology Group (GOG) has performed one of the few pro-
spective randomized trials in uterine carcinosarcomas. Whole abdominal radiother-
apy (WART) was compared to 3 cycles of ifosfamide-cisplatin in 206 patients with 
stage I–IV patients after complete resection. The local and distant recurrence rates 
were 44.7 % and 25.7 %, respectively, with WART and 42.5 % and 23.3 % with che-
motherapy. Although there was no statistically signifi cant survival benefi t, an 
improved recurrence and survival rate was noted in the chemotherapy group (21 % 
lower recurrence and 29 % lower death, but this was not statistically signifi cant). 
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Toxicity was lower with chemotherapy compared to whole abdominal radiotherapy 
(WART), but this is no longer performed, due to its toxicity [ 23 ]. 

 In conclusion, external pelvic radiotherapy does not improve overall survival, but 
decreases local recurrence rates, which could in theory impact favorably on quality 
of life.  

   Adjuvant Chemotherapy (Table  17.3 ) 
    Only one trial has prospectively addressed the question of adjuvant chemotherapy 
(3 cycles of ifosfamide-cisplatin) for completely resected uterine carcinosarcomas 
in comparison with radiotherapy (WART). This study was not able to demonstrate a 
signifi cant difference in relapse rate or OS, but a slight advantage favors the use of 
chemotherapy: The recurrence rate was 21 % lower and death rate 29 % lower in the 
chemotherapy arm [ 23 ]. Another trial, also including gynecologic sarcomas, failed 
to show a signifi cant advantage with adjuvant chemotherapy on PFS and OS [ 24 ]. 
In a small study of 81 patients with a variety of uterine sarcoma histologies and 
FIGO stages, chemotherapy, using Adriamycin, ifosfamide, and cisplatin, followed 
by radiation therapy, was superior to radiation therapy alone in terms of 3-year 
disease-free survival (55 % versus 41 %) but not overall survival. These data cannot 
be used to support a recommendation for adjuvant chemotherapy as standard treat-
ment, given the heterogeneity of the tumor types and stages, the very small sample 
size, and the lack of overall survival benefi t [ 25 ]. In the prospective phase II GOG 
232B study, 65 stage I–II completely resected uterine carcinosarcomas received 3 
cycles of ifosfamide-cisplatin chemotherapy; PFS and OS at 7 years were 54 and 

   Table 17.3    Phase III adjuvant study in uterine sarcomas including carcinosarcomas   

 Study and year 
of publication  No patients  Treatment regimen  RO 

 Overall 
survival  PFS 

 Omura et al. 
[ 24 ] 
 1983 

 156 
 93 CS 
 Stages I–II 

 Doxorubicin 
60 mg/m 2  D1–D21 
8 cycles 

 41 %  73.7 months  NA 

 No adjuvant 
treatment 

 53 %  55 months 
 NS 

 40.2 months 
 NS 

 Pautier et al. 
[ 25 ] 
 2013 

 81 uterine 
sarcomas 
 (19 CS) 
 Stages 
I–III 

 Doxorubicin (50), 
cisplatin (75) 
 Ifosfamide(3 g/m 2  
D1–D2) D1–D21+ 
Pelvic radiotherapy 

 38.4 %  72 % 

 Pelvic radiotherapy  26 %  55 % NS 

 Wolfson et al. 
[ 23 ] 
 2007 

 206 CS 
 Stages 
I–IV 

 Ifosfamide(1,5 g/m 2  
D1 to D4) Cisplatin 
(20 mg/m 2  D1 to 
D4) D1–D21 3 
cycles 

 51.4 %  45 % 

 Abdominal 
radiotherapy 

 57.2 % 
  P  = 0.24 

 35 % NS 
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52 % [ 26 ]. Due to its activity and favorable toxicity profi le shown in advanced car-
cinosarcomas, the carboplatin-paclitaxel combination is commonly used in the 
adjuvant setting [ 27 ].  

   Multimodal Therapy 
 Several retrospective studies have shown a favorable survival outcome with sequential 
multimodality therapy including pelvic radiotherapy and chemotherapy with cisplatin-
ifosfamide, paclitaxel-ifosfamide, or paclitaxel-carboplatin. Some studies suggest a bet-
ter outcome with combined treatment versus radiotherapy alone. A retrospective study 
reported by Makker included 49 stage I–IV patients receiving platinum-based chemo-
therapy after surgery (mainly carboplatin-paclitaxel), with or without radiation therapy 
or radiotherapy alone; the 3-year DFS in the chemotherapy group was 35 % compared 
to 9 % in the radiotherapy group, and 3-year OS rates were 66 % and 34 %, respectively 
(NS) [ 28 ]. In contrast, other publications do not report the benefi t of combination ther-
apy (CT + RT) versus chemotherapy alone in patients with uterine carcinosarcomas. 

 The 2012 National Comprehensive Cancer Network (NCCN) guidelines recom-
mend adjuvant treatment for all stage of uterine carcinosarcoma, except stage IA 
without myometrial invasion, similar to type II carcinomas [ 29 ].   

    Ovarian Carcinosarcomas 

   Adjuvant Radiotherapy 
 There is little rationale for using radiotherapy in ovarian carcinosarcomas as most 
are advanced at presentation. In patients with early OCs, the role of radiotherapy 
remains unknown.  

   Adjuvant Chemotherapy 
 The recommendations, based on retrospective data, are to use platinum-based che-
motherapy, either carboplatin-paclitaxel or ifosfamide-cisplatin [ 30 ]. The optimal 
combination regimen is still to be determined. The largest study of patients treated 
postoperatively with carboplatin-paclitaxel involved only 50 patients [ 16 ]. A recent 
Cochrane review found no evidence to inform decisions on adjuvant or neoadjuvant 
chemotherapy [ 31 ].     

    Advanced/Metastatic Disease and Relapse 

    Uterine Carcinosarcomas (Table  17.4 ) 

    The main cytotoxic agents studied in uterine carcinosarcomas are ifosfamide (32 % 
response rate (RR)), cisplatin (RR, 19 %), and paclitaxel (RR, 18 % as fi rst- or 
second- line therapy) [ 33 ]. Responses are usually partial and short in duration with a 
PFS of 8 months. 

 In contrast to other gynecological sarcomas, doxorubicin is only minimally 
active (10 % RR) [ 34 ], but the data are limited. Some responses have been reported 
with pegylated liposomal doxorubicin [ 35 ]. 
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 Two prospective randomized trials compared mono- and polychemotherapy 
with ifosfamide. Sutton et al reported on 194 patients who received ifosfamide 
with or without cisplatin. Although response rates were higher with the combina-
tion (54 % versus 36 %) and PFS signifi cantly higher (6 versus 4 months), no 
improvement in overall survival was observed, and the toxicity of the combina-
tion was notably increased [ 33 ]. The GOG 161 study included 179 patients 
treated with ifosfamide with or without paclitaxel and reported a signifi cant dif-
ference in the objective response rate (45 % versus 29 %), PFS (5.8 versus 
3.6 months), and overall survival (13.5 versus 8.4 months) in favor of combina-
tion [ 32 ]. Finally, the Cochrane database, including 579 women, concluded that 
in advanced-stage uterine carcinosarcoma as well as in recurrent disease, combi-
nation chemotherapy with ifosfamide and paclitaxel is associated with a lower 
risk of death compared with ifosfamide alone (HR = 0.75, 95 % CI, 0.60–0.94, 
and HR = 0.72, 95 % CI, 0.58–0.90, for OS and PFS, respectively) [ 36 ]. Thus, the 
ifosfamide-paclitaxel combination is currently considered as standard arm treat-
ment in most countries. 

 The paclitaxel-carboplatin combination is another option as it is a well-tolerated 
outpatient regimen. Several phase II trials have reported high response rates (rang-
ing from 54 to 69 %), with a number of patients achieving a complete response. The 
median PFS was 7.6 months and the OS 14.7 months [ 27 ,  37 ]. The GOG 261 study 
is testing this regimen in an ongoing phase III non-inferiority trial comparing 
ifosfamide- paclitaxel and carboplatin-paclitaxel. 

 As a result, paclitaxel-carboplatin is commonly used as routine therapy. 
 Due to the very poor prognosis of patients with gynecological carcinosarcomas, 

palliative treatments are a major issue. 
 Many biological anticancer treatments have been evaluated (sorafenib, imatinib, 

thalidomide, VEGF-Trap, pazopanib, and iniparib plus paclitaxel and carboplatin). 
Response rates to targeted agents are poor in unselected populations (0–5 %) [ 38 ].  

   Table 17.4    Phase III study in the fi rst-line treatment for advanced uterine carcinosarcomas   

 Study and year 
of publication 

 No 
pat 

 Chemotherapy 
regimen 

 RO 
(%)  RC  RP 

 Overall 
survival  Median PFS 

 Homesley 
et al. [ 32 ] 
 2007 

 179  Ifosfamide 2 g/m 2  
D1–D2–D3/D1–
D21 

 29  8.4 months  3.6 months 

 Ifosfamide 1 g6/m 2  
D1–D2–
D3 + Paclitaxel 
135 mg/m 2  D1/
D1–D21 

 45  13.5 months 
  P = 0.03  

 5.8 months 
  P = 0.03  

 Sutton et al. 
[ 33 ] 
 2000 

 194  Ifosfamide 1 g5/m 2  
D1 to D5/D1–D21 

 36  24 %  12 %  7.6 months  4 months 

 Ifosfamide 1 g5/m 2  
D1 to D5 + CCDP 
20 mg/m 2  D1 to 
D5/D1–D21 

 54  31 %  23 %  9.4 months 
  P = 0.07  

 6 months 
  P < 0.02  
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    Ovarian Carcinosarcomas 

 Some data have led to the conclusion that the chemosensitivity of ovarian carcino-
sarcomas is similar to that of uterine carcinosarcomas, but less than that of serous 
epithelial ovarian cancer. As a consequence, the conclusions drawn from the effects 
of chemotherapy in uterine carcinosarcomas are applied to the less common ovarian 
carcinosarcomas [ 12 ]. 

 Published data evaluating benefi t of chemotherapy are based on a few nonran-
domized prospective studies and some retrospective analysis. Common treatment 
combinations include platinum-paclitaxel and platinum-ifosfamide. In the phase II 
ROSIA trial evaluating the feasibility of paclitaxel-carboplatin plus bevacizumab in 
the neoadjuvant setting, ovarian carcinosarcomas could be included.   

    Perspectives 

 The poor survival for gynecological carcinosarcoma highlights the need to improve 
treatment strategies. 

 Further research on genetic and molecular signaling pathways should be consid-
ered to improve understanding of these tumor subtypes, including descriptive and 
functional analyses. Further prospective trials are clearly warranted in a larger group 
of patients. Ideally, these should be randomized trials or well-designed nonrandom-
ized studies that use multivariate analysis to adjust for baseline imbalances. 

 Studies should incorporate molecular-targeted therapies alone or in combination 
with cytotoxic drugs, e.g., Paraplatin-paclitaxel. Although both uterine and ovarian 
carcinosarcomas are rare, care should be taken to stratify patients based on a molec-
ular profi le. Such studies can only be conducted with international cooperation.     
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    Abstract 
   Non-epithelial malignancies of the ovary account for around 10 % of all ovarian 
malignancies, but display a striking disparity in epidemiology and outcomes. 
Over the previous decades, epidemiological trends have suggested that malig-
nant ovarian germ cell tumours (MOGCTs) are presenting earlier and that overall 
survival in this category as a whole is excellent, even in the setting of advanced 
disease. Indeed since the advent of cisplatin-based multimodality treatment, this 
is a tumour type which one can argue has been understudied in comparison to the 
other more prevalent gynaecological malignancies. 

 As such many questions remain unanswered. MOGCT is a disease that is 
poorly understood at the molecular level despite the serendipitous fi nding of high 
response rates to cytotoxic chemotherapy. Much of our evidence base stems from 
small single- centre retrospective case series, and as such true randomised pro-
spective trial data is lacking in this fi eld. Subsequently questions such as the 
optimal treatment of relapsed disease are currently not well defi ned. This over-
view will present the state of our knowledge to date on the management of 
MOGCT and seek to outline areas of controversy.   
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     Epidemiology 

 Non-epithelial malignancies of the ovary account for between 5 and 10 % of all ovar-
ian cancers. The two major groups of these cancers include germ cell tumours 
(GCTs) and sex cord-stromal tumours (SCSTs) which will not be discussed in this 
article. Unlike epithelial ovarian cancer which peaks in postmenopausal women, the 
peak incidence of MOGCT is in the second decade of life affecting adolescent girls 
and young women. MOGCTs have a yearly adjusted incidence rate of 3.7/1,000,000 in 
the USA [ 1 ], although higher incidences have been reported in some ethnic sub-
groups: with an increased incidence of MOGCTs among paediatric black females 
and Hispanic girls aged 10–19, as compared to non-Hispanics [ 2 ]. Dysgerminomas 
occur less frequently in black females, and immature teratomas occur less frequently 
in white females compared with other racial and ethnic groups. A family history of 
cancer appears to be inversely correlated with the risk of developing germ cell 
tumours [ 4 ], and no genetic susceptibility has been identifi ed related to the develop-
ment of MOGCT. However, there have been several case reports of germ cell tumours 
noted to cluster within families, which may suggest a rare familial gonadal tumour 
syndrome that has not yet been fully characterised. These cancers account for 58 % 
of all ovarian tumours diagnosed in patients younger than 20 years old [ 2 ]. One 
recent cohort has demonstrated the association between syndromes of gonadal dys-
genesis and a predisposition to MOGCT. In a cohort of 50 patients, 7 were found to 
have a karyotype of XY, and these patients were more likely to present with dysger-
minoma [ 3 ]. Interestingly concurrent benign gonadoblastoma was found in fi ve.  

    Clinical Presentation and Staging 

 MOGCT usually presents with pelvic pain (the presenting feature in 50–80 % of 
patients at diagnosis) or symptoms resulting from a rapidly enlarging pelvic mass 
and occasionally menstrual irregularities [ 4 ]. The duration of symptoms is usually 
noted to be fairly short at presentation (2–4 weeks) indicating rapid growth of the 
tumour, once again sharply contrasting with the more protracted presentation associ-
ated with epithelial ovarian cancer in older women. This speed of onset is refl ected 
in the distribution of staging of MOGCT seen at presentation. This is classifi ed 
according to the modifi ed International Federation of Gynaecologic Oncology 
(FIGO) staging criteria initially applied to epithelial ovarian cancer [ 5 ,  6 ]. The major-
ity of MOGCTs are diagnosed at an early stage – FIGO stage IA–II (60–70 %), and 
20–30 % are stage III with the minority presenting with stage IV disease [ 5 ].  

    Histopathological Subtypes and Tumour Markers 

 Histopathological identifi cation of subtypes of ovarian GCTs is well established 
(Table  18.1 ) and is usually performed according to the WHO classifi cation [ 5 ,  6 ]. 
The different histological subtypes refl ect the continuum of developmental stages in 
the oocyte from primordial undifferentiated germ cells to adult tissues, an 
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observation initially characterised by Kleinsmith and Pierce in the 1960s [ 7 ]. The 
three major categories are (1) primitive GCTs, including dysgerminoma, yolk sac 
tumours (otherwise referred to as endodermal sinus tumours), embryonal carcinoma 
and tumours with overlapping features of the above known as mixed germ cell 
tumours. The other main histologic category is that of (2) biphasic or triphasic tera-
toma, which includes the entities mature-differentiated teratoma and undifferentiated 
immature teratoma. This can be graded according to the number and characteristics 
of neural tissues present in the tumour [ 8 ], as this has important therapeutic and 
prognostic implications. The third and least common category is that of monodermal- 
type tumours and somatic-type tumours. MOGCTs share many histologic features 
with their male testicular germ cell tumour counterparts, and this link also extends to 
the frequent observation of 12p karyotypic abnormalities [ 9 ,  10 ]. However, biologi-
cally/clinically the tumours as we will see below can behave differently between the 
sexes.

   In most large case series, dysgerminoma represents approximately 15–25 % of 
cases, teratoma 12–20 %, yolk sac tumours 25–30 % and mixed germ cell tumours 
30–35 %. The importance of correct histological diagnosis is underpinned by the 
therapeutic implications for the patient. 

 Some authorities have recommended a two-tier grading system for immature 
teratomas because of inter- and intraobserver inconsistency with a three-grade sys-
tem. Additionally, the criteria to establish malignant behaviour in immature terato-
mas vary among reports and institutions based on the amounts of immature neural 
and/or nonneural elements and yolk sac elements. 

 As these tumours are chemosensitive and fertility-preserving surgery is utilised, 
the recent ESMO guidelines [ 6 ] stipulate that all such tumours should be considered 
for second review by an expert histopathologist. Indeed in some centres, this central 
review of pathology is mandatory. In the UK there has now been a move to cen-
tralise the care of MOGCT to mirror the successful approach used used in  
Gestational Trophoblastic Disease (GTD) [ 11 ]. 

 Tumour markers play an important role in the diagnosis and management of 
germ cell tumours. The serum alpha-fetoprotein (AFP), lactate dehydrogenase 

   Table 18.1    Histological subtypes of MOGCT   

 Histological subtype  AFP  HCG 

  Primitive germ cell tumours  

 Dysgerminoma  −  ± 

 Yolk sac tumour  ++  − 

 Embryonal carcinoma  ±  ± 

 Polyembryona  ±  + 

 Non-gestational choriocarcinoma  −  ++ 

 Mixed germ cell tumour  ±  ± 

  Biphasic or triphasic teratoma  

 Immature teratoma  +  − 

 Mature teratoma  −  − 

  Monodermal teratoma and somatic-type tumours  
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(LDH) and serum human chorionic gonadotropin (hCG) should be measured at 
baseline in all patients. AFP is secreted by yolk sac tumour elements and may be 
secreted by embryonal carcinoma and immature teratomas. The pregnancy hor-
mone, hCG, is secreted by choriocarcinoma elements and can be produced in a 
small subset of dysgerminomas at lower levels [ 8 ]. Mixed germ cell tumours may 
secrete a combination of AFP and hCG, and approximately 16 % may be negative 
for all tumour markers. Dysgerminoma never secretes AFP, and about 10–20 % pro-
duces hCG [ 12 ,  13 ]. All MOGCT may be associated with an elevated lactate dehy-
drogenase level and CA125 both of which are non-specifi c for the disease but may 
nevertheless give an indication of response and relapse. In practical terms, the abil-
ity to regularly monitor tumour markers following any intervention, such as either 
surgery or chemotherapy, allows the clinician to have an early readout of response, 
resistance and relapse. For example, failure to normalise tumour markers after cura-
tive surgery in stage 1 disease would be an indicator for further treatment (stage 1 M 
disease). Furthermore, knowledge of the normal half-life of these tumour markers is 
helpful in this regard. If all the tumour has been removed, then for patients with 
normal renal and liver function, the half-life of hCG is 1–2 days and for AFP is 
about 6–7 days. If the markers are falling slower than this, then suspicion about 
residual disease should be high. If gonadal dysgenesis is suspected based on history 
and physical examination, a karyotype should be performed before surgery, if pos-
sible, to ensure both ovaries are removed if clinically indicated.  

    Prognostic Factors 

 FIGO stage at presentation is the most critical indicator of prognosis. Evidence 
from many centres indicates that stage I (including 1a, 1c and 1 m) has an excellent 
prognosis of approaching 100 % survival rates. This cure rate progressively declines 
to approximately 80–90 % in stage II and stage III disease and around 60 % cure 
rates in stage IV disease (see Fig.  18.1 ) [ 14 – 16 ]. Other factors have been identifi ed 
that can be independent prognostic indicators in univariate and multivariate analy-
ses. Indeed, in those patients receiving chemotherapy (stages 1c/1 m through stage 
IV at diagnosis), the presence of elevated AFP and hCG at diagnosis was associated 
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with a much poorer outcome when compared to those patients with both tumour 
markers being normal at baseline [ 16 ]. The role of age as an independent prognostic 
factor is more controversial with some studies suggesting this and others not [ 15 ,  17 ]. 
It is clear however that paediatric MOGCT may represent biologically different 
group diseases as recent studies have indicated signifi cant differences in transcrip-
tional signatures more suggestive of pluripotency compared to adult tumours [ 18 ]. 
Indeed outcomes in the paediatric population differ with seemingly higher survival 
when matched stage for stage with adults [ 19 ]. Residual disease after surgery and 
histological subtype (dysgerminoma vs non-dysgerminoma) have also been impli-
cated as prognostic factors in retrospective case series [ 20 ].

       Management of Early Disease 

 Surgery is the mainstay of management of early MOGCT. In other gynaecologic 
malignancies, the principles of cancer surgery dictate maximal clearance with a 
bilateral salpingo-oophorectomy (BSO), total abdominal hysterectomy (TAH) and 
peritoneal exploration. However, in MOGCT, fertility-preserving surgery should be 
utilised [ 21 ]. For most patients with early stage disease (stage 1A/1B), a unilateral 
salpingo-oophorectomy (USO), peritoneal washings and careful exploration of the 
abdomen are appropriate. Routine biopsy of the remaining ovary should be avoided 
unless there is clinical suspicion of bilateral disease. This last point is important as 
most MOGCTs are unilateral, with dysgerminomas having the greatest propensity 
for contralateral disease in the other ovary, and this is said to be seen in up to 15 % 
of these tumours although in our experience, it seems less than this [ 22 ]. Avoiding 
the contralateral ovarian biopsy potentially helps future fertility by preventing scar 
formation over the ovary surface. 

 The management of early MOGCTs that have been pathologically staged as 
1A/1B (and as such are confi ned to the ovary with no capsular rupture) has been 
controversial with some centres advocating the use of adjuvant chemotherapy in 
addition to fertility-preserving surgery, particularly in non-dysgerminomatous his-
tologies (grade II–III immature teratoma, mixed GCT and yolk sac tumours) [ 23 ]. 
Studies by Williams et al. [ 24 ], Gershenson [ 25 ] and Dimopoulous et al. [ 26 ] have 
demonstrated excellent survival outcomes in completely resected MOGCT treated 
with adjuvant bleomycin, etoposide and cisplatin (BEP), but these studies have to be 
interpreted with caution as they also include stage II and III diseases. There is con-
sensus that stage 1A dysgerminoma should be managed with surgery alone with 
many studies showing survival of close to 100 % with a policy of surveillance after 
fertility-sparing surgery [ 27 ]. A policy of careful surveillance after surgery for stage 
1A/1B disease of all histological subtypes has been adopted by Charing Cross and 
Mount Vernon hospitals with long-term survival in excess of 95 % in these patients, 
reserving chemotherapy only for those patients that relapse [ 27 ]. This approach has 
subsequently been adopted, and its effi cacy validated in other centres [ 23 ] as well as 
in a prospective study in the paediatric and adolescent population [ 28 ]. In keeping 
with this, the recent ESMO guidelines assert that chemotherapy is not mandated in 
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the adjuvant setting in non-dysgerminomatous early stage MOGCT and can be 
reserved for documented relapse after a policy of close surveillance.  

    The Management of Advanced Disease 

 Cytotoxic chemotherapy has altered the landscape of MOGCT prognosis. In the 
pre-chemotherapy era, even patients with early stage disease would be at signifi cant 
risk of relapse and death, and all patients with advanced disease would die from 
their disease. Early studies demonstrated some effi cacy of VAC (vincristine, dacti-
nomycin and cyclophosphamide) combination chemotherapy in patients with 
MOGCT [ 29 ], but most lessons have been learnt from the randomised studies 
undertaken in testicular germ cell tumours. As a result of this work, the regimes 
used in MOGCT have been optimised to allow maximal preservation of fertility, 
whilst decreasing risk of long-term complications from agents such as cyclophos-
phamide (in its propensity to cause acute leukaemia). Cisplatin-based regimens 
with PVB (cisplatin, vinblastine, bleomycin) [ 30 ] then most recently BEP chemo-
therapy (bleomycin, etoposide, cisplatin) have become the gold standard therapy for 
advanced or relapsed MOGCT. Studies using platinum-based combination regi-
mens have demonstrated overall survival in all MOGCT patients requiring chemo-
therapy (both those with relapsed early stage disease following surveillance and 
advanced disease) of between 62 and 85 % (Table  18.2 ) [ 20 ,  29 ,  31 – 33 ]. Although 
BEP is the most commonly utilised regimen in this setting, with evidence demon-
strating effi cacy and overall survival of 82–90 % [ 14 ,  20 ,  31 ,  34 ] across all stages, 
the optimum regimen is still unclear due to the lack of a randomised evidence base 
in this cohort of patients with MOGCT. Studies in germ cell tumours have examined 
the effi cacy of substituting carboplatin with cisplatin due its markedly different tox-
icity profi le including less nausea, ototoxicity and renal toxicity. However, the data 
available does not demonstrate that two platinum agents are comparable, and there 
is a suggestion (in testicular GCT) that carboplatin outcomes may be inferior [ 35 ]. 
Most centres would therefore recommend using cisplatin-containing regimens in 
MOGCT unless there are specifi c contraindications that make safe delivery of cis-
platin impossible.

   Table 18.2    Studies of platinum-based chemotherapy in advanced MOGCT   

 Study 
 Patients 
( n )  Regimen 

 Overall 
survival 

 Includes stage 
1A 

 Williams et al.  93  BEP  96 %  Yes 

 Murugaescu et al.  113  BEP/POMB-ACE  82 %  No 

 Gershenson et al.  26  BEP  96 %  Yes 

 Dimopoulous et al.  16  BEP  88 %  Yes 

 Lai et al.  93  BEP  97 %  Yes 

 Billmire et al.  131  BEP  97 %  Yes 

 Zanetta et al.  105  BEP/PVB  95 %  Yes 
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   The POMB-ACE regimen was introduced by Charing Cross Hospital to manage 
patients with high-risk-advanced testicular germ cell tumours. It was found to be a 
well-tolerated and effective method of introducing seven cytotoxic agents in a two- 
weekly alternating regimen to try and overcome drug resistance and maximise cure 
rates [ 36 ]. Indeed, in poor prognosis testicular GCTs, the cure rate with POMB/
ACE is around 70 % which from nonrandomised data appears better than four cycles 
of BEP. In stage IV MOGCT, cure rates appear to be around 65 % with this regimen, 
but data are still limited, and there is a clear need to improve outcomes for this 
group of patients [ 16 ]. 

 A current consensus would indicate that for relapsed stage I disease or for stage 
1c and 1 m and completely resected stage II–III disease, three cycles of BEP che-
motherapy would be standard treatment. In incompletely resected stage III or IV 
disease with a higher burden of tumour, including patients with very high tumour 
markers, a longer course of platinum-based chemotherapy is utilised, commonly 
four cycles of BEP over 12 weeks or 5–7 treatments with POMB-ACE chemother-
apy over 10–14 weeks [ 6 ,  16 ]. However, there is a clear need to improve manage-
ment for these advanced cases to improve overall survival results. 

 The value of aggressive surgery prior to chemotherapy in advanced disease is 
debatable. This is because residual microscopic disease grows back so fast that by 
the time chemotherapy is commenced post-operatively, much of the cytoreduction 
advantage of the surgery is lost. Moreover, with so much disease in the pelvis, 
fertility- preserving surgery becomes very diffi cult. Consequently, many centres 
now practise neoadjuvant chemotherapy for advanced MOGCT and reserve surgery 
for once the chemotherapy is completed. In some instances this will mean that only 
the affected ovary is left to remove, but in others, the disease will become more 
cystic and large residual masses will need to be excised. Leaving these masses is not 
sensible as one cannot be certain that there is no active cancer left, and over time 
they may continue to grow in up to 30 % of patients and in a small proportion may 
dedifferentiate back in to active cancer. 

 With chemotherapy, once the tumour markers have normalised, it may help to 
continue treatment for a further 4–6 weeks to help minimise the possibility of 
relapse. Re-imaging after treatment with an MRI pelvis, CT chest and abdomen 
all with contrast will help defi ne what needs surgical resection. Various features 
of the clinical course may cause concern for the managing clinicians. Thus, in 
some patients the AFP will fail to return to normal or might start rising towards 
the end of chemotherapy which can refl ect liver repair and production of AFP 
rather than progressing disease. In addition, some patients with cystic differentia-
tion may develop mature teratoma-growing syndrome, so post-chemotherapy 
imaging may show enlarging masses that make the clinicians feel their treatment 
has failed. However, once this is resected, this will nearly always turn out to be 
mature teratoma which requires no further chemotherapy. It is essential that resid-
ual masses are removed. Small lesions of 1 cm or less that appear non-cystic can 
be observed with repeat imaging 2–3 months post-completion of chemotherapy. 
Figure  18.2  illustrates an example of residual cystic pelvic mass post-POMB-
ACE chemotherapy and marker normalisation. This mass was resected and 
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showed mature-differentiated cystic teratoma. The CT images show the appear-
ances before and after surgery [ 6 ].

       Relapse of MOGCT After Platinum-Based Multimodality 
Therapy 

 The frequency of relapse after platinum-containing therapies for advanced MOGCT 
varies from approximately 14–20 % of patients [ 16 ,  37 ]. The dominant pathology at 
relapse post-platinum appears to be yolk sac [ 38 ,  39 ], but the data are limited. In 
contrast to male patients with testicular germ cell tumours who can expect a cure 
rate of up to 50 % in response to salvage chemotherapy, women with MOGCT who 
relapse following initial chemotherapy appear to do exceptionally badly. Indeed, in 
one series the salvage rate was only 10 % [ 15 ]. This suggests that testicular and 
ovarian GCTs are in some way biologically different. Conventional relapse regi-
mens investigated in germ cell tumours include re-challenging with platinum, 
ifosfamide- containing regimens [ 40 ], taxane [ 41 ] or gemcitabine-based regimens 
[ 42 ]. These therapies can provoke excellent responses in relapsed disease; however, 
drug resistance is extremely diffi cult to overcome in this setting, and patients usu-
ally die of their disease. Given its utility in relapsed advanced testicular germ cell 
tumours, high-dose chemotherapy with stem cell rescue (HD) has been investigated 
in MOGCT patients. In one series the relapse rate was 10 %, and only one of the 
four patients who underwent HD achieved long-term disease control [ 16 ]; in another 
series [ 20 ] two patients with relapsed disease were salvaged with HD. The largest 
series reported includes 13 patients of which 4 achieved long-term responses [ 39 ] 
following upfront tandem HD autografts. In very carefully selected patients re-look 
surgery or indeed multiple rounds of surgery to maximally remove macroscopic 
disease in combination with relapse regimens can deliver long-term remission [ 43 ]. 

 It follows from the above discussion that we need improved stratifi cation bio-
markers to help identify which MOGCT will do badly from the outset so that these 
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individuals can be treated differently to prevent relapse. Moreover, in those that do 
relapse, new agents and approaches are needed to increase the salvage rates. If, for 
example, tandem transplants are better than single transplants, will triple transplants 
improve matters further? Given the success of the UK GTD service, it would appear 
that a very good way to achieve these much needed improvements in MOGCT out-
comes would be through centralised care of this rare disease.  

    Radiotherapy 

 Radiotherapy had a critical role in the management of MOGCT prior to the advent 
of effective cytotoxic chemotherapy. Within MOGCT, dysgerminoma is particularly 
radiosensitive, and radiotherapy has been used with good effect in long-term con-
trol. However radiotherapy increases the risk of second cancers and induces infertil-
ity with a very high rate of ovarian failure observed in young women treated with 
pelvic radiotherapy (>50 % in some series [ 44 ]). Consequently, it is no longer 
included routinely in modern management algorithms.  

    Complications of Therapy and Survivorship Issues 

 Most women with MOGCT will be cured of their disease with modern multimodal-
ity therapy as described above. However as in other tissue types where the applica-
tion of cytotoxic chemotherapy has resulted in high cure rates such as Hodgkin 
lymphoma and acute lymphoid leukaemias, as a community we have to be aware of 
the impact of treatment on long-term survivorship and quality of life. Acute compli-
cations with regimens used in MOGCT include life-threatening infections and neu-
tropaenia, acute renal injury from cisplatin, but also the small but signifi cant risk of 
fatal pulmonary fi brosis from bleomycin [ 45 ]. The risk of bleomycin pulmonary 
toxicity might be due not only to the total dose but also to peak dose effects seen 
when the drug is given as a rapid infusion. Consequently, it seems reasonable to try 
and reduce this risk by using a slow IV infusion over several hours and to avoid giv-
ing bleomycin with the fourth cycle of BEP to limit the total dose. Even so physi-
cians prescribing bleomycin need to be extremely aware of any cough or dyspnoea 
on treatment to minimise the risk of this rare but devastating complication, and we 
would advocate regular physical examination of the thorax with baseline pulmonary 
function tests to include transfer factor. Should the patient develop cough or short-
ness of breath, then a high-resolution CT chest and/or repeat pulmonary function 
tests should be requested. 

 Long-term complications of treatment with cytotoxic chemotherapy have been 
well studied in diseases such as Hodgkin disease and GCT [ 46 ]. A primary goal of 
the modifi cation of curative treatment algorithms in recent decades has been the 
identifi cation of secondary malignancies, particularly myeloid leukaemias in 
patients treated with curative intent with prolonged courses of alkylating agents [ 47 ] 
or with cumulative doses of etoposide >2000 mg/m 2  following the cure of the 
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primary cancer [ 48 ]. Fortunately, cumulative doses of etoposide in conventional 
BEP and POMB-ACE regimens, and in etoposide mobilisation for HD, fall below 
this threshold. 

 Two recent studies to address long-term toxicity issues have compared survivors 
of MOGCT having had platinum-based chemotherapy with healthy matched con-
trols [ 49 ,  50 ]. Indeed in one such study [ 50 ], no increased rate of malignancy was 
observed in 123 MOGCT survivors. This matches our experience in young women 
treated with combination agent chemotherapy for gestational trophoblastic neopla-
sia where we now have over 30,000 patient years of follow-up [ 51 ]. However, 
platinum- based chemotherapy is associated with an increased incidence of hyper-
tension and chronic functional problems such as tinnitus and Raynaud’s phenome-
non, and these issues have been observed in MOGCT patients. Moreover, and of 
signifi cant importance for these patients, 15.9 % of MOGCT survivors vs 4.5 % of 
healthy controls were denied health insurance because of their perceived additional 
health risks. 

 Fertility is also one area of concern for patients undergoing combined modality 
treatment. Many studies have now demonstrated that following fertility-preserv-
ing surgery and standard chemotherapy with platinum-containing regimens, fer-
tility is preserved for the vast majority of patients [ 52 – 54 ]. However some studies 
have suggested that there may be a relationship between duration of therapy and 
the risk of subsequent ovarian failure – 0 % for those having three cycles of BEP 
in one study versus 33 % of those having >4 cycles of platinum-containing ther-
apy [ 15 ]. However, the data are still rather limited. Interestingly, research in 
women with GTD has failed to show a signifi cant impact of multiagent chemo-
therapy on fertility other than bringing forwards the date of the menopause by a 
few years [ 51 ,  55 ,  56 ]. In contrast, women undergoing high-dose chemotherapy 
are at very high risk of ovarian failure. There has been interest in hormonal sup-
pression of ovarian function to preserve long-term fertility during standard che-
motherapy; however previous studies analysing the effect LHRH analogue therapy 
in premenopausal women undergoing intensive chemotherapy regimens (in breast 
cancer) did not show a benefi t in long-term ovarian function [ 57 ]. This is also our 
experience in GTD and in MOGCT. What we observe is that the ovaries naturally 
shut down with chemotherapy and restart within 7 months (range 1–12 months) of 
completing treatment. 

   Conclusions 
 Overall the outlook for MOGCT is vastly superior to that of epithelial ovarian 
cancer. The application of clinical research and international collaborations has 
enabled signifi cant progress in optimising and refi ning therapy to allow many 
young women to be cured of this disease, with a minimal burden of treatment-
related morbidity and mortality. However as physicians we are still challenged 
by many issues in MOGCT management as a result of its rarity and the lack of 
randomised evidence base for many decisions we have to make in the care of our 
patients. This is particularly so in the context of relapsed disease post-platinum 
therapy where prognosis is bleak despite the advent of high-dose chemotherapy 
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with stem cell rescue. The only way we will secure progress in these areas is to 
further strengthen collaborations on basic and clinic science research to under-
stand the molecular drivers of this group of diseases and to ensure young women 
with these rare illnesses are managed in large centres with the greatest accumu-
lated experience in treating MOGCT. The development of national reference 
centres is an important step in this process.      
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    Abstract 
   Sex cord–stromal tumors (SCSTs) account for approximately 10% of all 
malignant ovarian neoplasms. The low incidence, the histological heterogeneity, 
and the variable biologic behavior, makes their optimal management diffi cult. 
SCSTs constitute a heterogeneous group of tumors and according to the World 
Health Organization, they are classifi ed into these categories: pure stromal 
tumors, pure sex cord tumors (i.e. granulosa cell tumor) and mixed sex cord-
stromal tumors (Sertoli-Leydig cell tumors). 

 Histologically, these tumors are considered malignant neoplasms; their natu-
ral history, however, is indolent with a very favorable long-term prognosis. 
Treatment principles have generally based on small series and borrowed from 
clinical management of epithelial tumors. Adequate knowledge of these neo-
plasms is imperative to the appropriate diagnosis, choice of surgical treatment 
and adjuvant therapy.   

     Epidemiology 

 Non-epithelial ovarian malignancies, mainly comprising germ cell tumors and sex 
cord-stromal tumors, account for approximately 10 % of all primary ovarian can-
cers. In particular, sex cord-stromal tumors (SCSTs) are rare neoplasms, and they 
account for only 7 % of all ovarian malignancies [ 1 ]. 
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 The yearly adjusted incidence rate for SCSTs is 2.1 per 1,000,000 women [ 1 ], 
and they are more common in adult women (perimenopausal and postmenopausal); 
familial forms have been described [ 2 ]. 

 SCSTs constitute a heterogeneous group of tumors, and according to the World 
Health Organization (WHO), they are classifi ed into the categories shown in Table  19.1 .

   Granulosa cell tumors (GCTs) account for approximately 70 % of malignant 
SCSTs; adult granulosa cell tumors (AGCTs) are the most frequent (95 % of GCTs), 
and they occur more often in postmenopausal than premenopausal women, with a 
peak incidence between 50 and 55 years. 

 Juvenile granulosa cell tumors (JGCTs) were described the fi rst time by Young 
in 1984, and they account for approximately 5 % of all GCTs. They have a natural 
history and histologic characteristics very different from the typical GCTs; approxi-
mately 90 % of JGCTs occur in prepubertal girls. In Young et al. series of 125 cases, 
44 % of the tumors occurred before age of 10 years and only 3 % after the third 
decade of life [ 3 ,  4 ]. 

 Sertoli–Leydig cell tumors or androblastomas (SLCTs) occur most frequently in 
the second and third decades, with 75 % of the lesions seen in women younger than 
40 years. These neoplasms are extremely rare, accounting for less than 0.2 % of 
ovarian cancers [ 5 ].  

   Table 19.1    Classifi cation of sex cord-stromal tumors and steroid cell tumors – WHO 2014   

  Pure stromal tumors  

 Fibroma 

 Cellular fi broma 

 Thecoma 

 Luteinized thecoma associated with sclerosing peritonitis 

 Fibrosarcoma 

 Sclerosing stromal tumor 

 Signet-ring stromal tumor 

 Microcystic stromal tumor 

 Leydig cell tumor 

 Steroid cell tumor 

 Steroid cell tumor, malignant 

  Pure sex cord tumors  

 Adult granulosa cell tumor 

 Juvenile granulosa cell tumor 

 Sertoli cell tumor 

 Sex cord tumor with annular tubules 

  Mixed sex cord - stromal tumors  

 Sertoli–Leydig cell tumors 
   Well differentiated 

   Moderately differentiated with heterologous elements 

   Poorly differentiated with heterologous elements 

   Retiform with heterologous elements 

 Sex cord-stromal tumors, not otherwise specifi ed 
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    Etiopathogenesis 

 Granulosa and Sertoli cells arise from the sex cords of the developing gonads, which 
originate from celomic epithelium. Granulosa cells derive from the cortical sex 
cord, while the Sertoli cells originate from medullary cords of mesonephric origin. 

 Very little is known about the etiology of SCSTs; one theory is that the degenera-
tion of follicular granulosa cells after oocyte loss and the consequent compensatory 
rise in pituitary gonadotropins may induce an irregular proliferation. This hypoth-
esis could be applied with the oocyte depletion and high levels of gonadotropins 
observed in menopausal patients; however, this explanation is not applicable to 
those tumors developing in young women. 

 A more recent hypothesis points toward the involvement of granulosa stem cells 
supported by the evidence of their ability to express telomerase [ 6 ]. 

 However the most relevant discovery related to the etiopathogenesis of AGCTs 
is the fi nding of a somatic 402C > G missense point mutation in the gene encoding 
the FOXL2 (forkhead box L2). This fi nding is frequent, and more than 95 % of ovar-
ian AGCTs harbor this type of mutation. FOXL2 somatic mutations may be involved 
in the tumorigenesis of these tumors due to a partial loss of function in its ability to 
induce apoptosis [ 7 ]. Moreover, Cheng et al. showed that the mutated form of 
FOXL2 may lead to the development of AGCT by reducing the expression of GnRH 
receptors, conferring resistance to GnRH-induced apoptotic effect [ 8 ]. 

 These insights could have a clinical impact in developing targeted therapeutic 
strategies for AGCT patients. 

 FOXL2 shows a molecular interaction with others genes involved in the etio-
pathogenesis of AGCT such as SMAD3, CCND2, and GATA4 [ 9 ]. The clinical 
implications of these knowledges include the use of FOXL2 in the differential diag-
nosis of AGCT with an excellent specifi city, considering that up to now there are no 
reports of any other tumor types being positive for this mutation [ 10 ]. 

 FOXL2 has also clinical implication in the prognosis of AGCTs: patients with 
higher FOXL2 protein expression had worse overall survival and disease-free sur-
vival than those with negative or weak expression [ 11 ]. 

 Chang et al. demonstrated that another molecule involved in the tumorigenesis of 
AGCT is activin A [ 12 ]. 

 The other major recent fi nding regarding SCSTs is the mutation of DICER1; 
Schultz et al. reported that children with both pleuropulmonary blastoma (PPB) and 
SLCTs had germ line DICER1 mutations. They found these germinal mutations 
among family members of these patients [ 13 ]. Somatic DICER1 mutations are also 
described in SLCTs [ 14 ]. 

 Peutz–Jeghers syndrome (PJS) is a rare autosomal dominant disorder characterized 
by mucocutaneous pigmentation, hamartomatous polyposis, and predisposition to benign 
and malignant tumors of the gastrointestinal tract, breast, ovary, uterine cervix, and testis. 
Germ line-inactivating mutations in 1 allele of the STK11/LKB1 gene at chromosome 
19p13.3 have been found in most PJS patients. Although ovarian sex cord tumors with 
annular tubules (SCTATs) are very rare in the general population, they occur with 
increased frequency in women with PJS. Germ line mutations in the STK11 gene, 
accompanied by loss of heterozygosity were found in PJS-associated SCTATs [ 15 ].  
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    Histopathology 

 SCSTs develop from the dividing cell population surrounding the oocytes, includ-
ing the cells that produce ovarian hormones (the non-germ cell and non-epithelial 
components of the gonads), and therefore they vary in their capacity to produce 
clinically signifi cant amounts of steroid hormones. 

 They are usually expressed at least one of the following markers (inhibin, cal-
retinin, and FOXL2), but in 15 % of them, FOXL2 is the unique marker of sex cord 
differentiation. 

    AGCTs 

    Gross Findings 
 AGCTs vary from tiny lesions to huge masses with a mean diameter of about 13 cm. 
AGCTs are bilateral in only 2 % of cases. The external surface may be smooth or 
bosselated. The cut surface is often solid and sometimes partly solid and partly 
cystic. Hemorrhage and necrosis are common [ 16 ].  

    Microscopic Findings 
 The tumor cells grow in a variety of patterns, including microfollicular, macrofol-
licular, trabecular, insular, tubular, diffuse, moiré silk, and gyriform. The microfol-
licular variant, the most easily recognized, is characterized by multiple small 
rounded spaces formed by cystic degeneration in small aggregates of granulosa 
cells, containing eosinophilic PAS-positive material and often fragments of nuclear 
debris or pyknotic nuclei. These spaces, known as Call–Exner bodies, are found in 
only 30–50 % of tumors [ 17 ].   

    JGCTs 

    Gross Findings 
 JGCTs’ appearance is similar to the adult variant.  

    Microscopic Findings 
 JGCT is typically a solid cellular neoplasm, with focal follicle formation. The fol-
licles are of variable sizes and shapes but generally don’t reach the large size of the 
follicles in the macrofollicular variant of adult granulosa cell tumor. Their lumens 
contain basophilic or eosinophilic fl uid. Variable layers of granulosa cells line the 
follicles and occasionally surrounded by mantle of theca cells. The neoplastic gran-
ulosa cells have abundant eosinophilic and/or vacuolated cytoplasm and rounded 
hyperchromatic nuclei. Nuclear grooves are rare. Nuclear atypia in JGCTs varies 
from minimal to marked. The mitotic rate is also variable but is generally higher 
than adult granulosa cell tumor.   
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    SLCT 

    Gross Findings 
 SLCTs are variable in dimension but frequently are smaller than 10 cm. They mostly 
are solid, fi rm, encapsulated, and lobulated masses, typically yellow or tan in color. 
They are typically unilateral.  

    Microscopic Findings 
 SLCTs are derived from mesenchyme and sex cords, which regroup histologically 
all the embryonic phases of testicular development, from an undifferentiated cord to 
well-differentiated Sertoli tubes. These tumors contain variable proportions of ser-
tolian and leydigian elements. Tumors with only a sertolian component (Sertoli 
tumors) belong to the benign group. Tumors containing both types are classifi ed 
into three groups: (1) benign differentiated forms (androgenic, secretory in 60 % of 
the cases), (2) intermediate differentiation (immature Sertoli cells), and (3) poorly 
differentiated forms (sarcomatoid or retiform). 

 In the forms with poor or intermediate differentiation (primarily epithelial or mes-
enchymatous), it is possible to see heterogeneous elements. In the largest series of 
SLCTs with greater than 200 tumors, 18 % contains glands and cysts lined by well-
differentiated intestinal-type or gastric-type epithelium, 16 % has microscopic foci of 
carcinoid tumor, and 5 % has stromal heterologous elements, including islands of 
cartilage and/or areas of embryonal rhabdomyosarcoma [ 18 ]. Other heterologous 
elements that have been associated with SLCTs include hepatocyte-like cells, retinal 
tissue, neuroblastoma, and mucinous adenocarcinoma [ 19 ,  20 ]. Interestingly, tumors 
that contain heterologous or the retiform type are more frequently cystic.   

    SCTAT 

    Gross Findings 
 SCTAT is a tumor composed of sex cord (Sertoli) cells arranged in simple and com-
plex annular tubules. SCTATs which occur in conjunction with the PJS are usually 
multifocal, bilateral, and almost always very small tumorlets found incidentally in 
ovaries. In patients without the PJS, SCTAT is usually unilateral and presents as a 
solitary, large solid mass up to 33 cm in diameter. 

 SCTAT typically exhibits well-circumscribed, rounded or oval, epithelial islands 
made up of ring-shaped, lumenless tubules encircling glassy, acidophilic, PAS- 
positive, basement membrane-like material.   

    Others 

 Gynandroblastomas are probably derived from undifferentiated mesenchyme. This 
origin would explain their “bisexual” potential; in fact, they could contain a variable 
amount of granulosa cells and Sertoli–Leydig cells. 
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 In the majority of cases, these tumors are benign; however, certain malignant 
tumors have been described in the literature, and they are usually large tumors 
(7–10 cm in diameter). 

 Also pure Leydig cell tumors are usually benign. In some cases, no evidence of 
ovarian or testicular differentiation is seen. These tumors belong either to the undif-
ferentiated SCST or to the steroid cell tumors according to cell morphology. Rarely 
they are malignant but evolution remains unpredictable today [ 21 ]. 

  Neoplasms of pure ovarian stroma  are mostly benign more than 50 % of them 
being fi bromas. In morphologically ambiguous cases, the reticulin stain, together 
with mutational analysis of FOXL2, is useful to distinguish adult granulosa cell 
tumor from fi brothecoma.   

    Clinical Presentation 

 The most common symptoms related to SCSTs are pelvic pain, feeling of pelvic 
pressure due to pelvic mass and menstrual disorders. 

 GCTs typically occur as an abdominal mass with symptoms suggestive of func-
tioning ovarian tumor. In approximately 5–15 % of patients, hemoperitoneum 
developed secondary to tumor rupture, and acute pelvic pain due to ovarian torsion 
could be the fi rst sign [ 3 ]. Ascites occurs in about 10 % of cases, and they are asymp-
tomatic in another 10 %. 

 AGCTs are clinically the most common estrogenic ovarian tumors. Functional 
symptoms are related to the age and reproductive state of the patient. In prepuber-
tal girls, granulosa cell tumor often induces isosexual pseudoprecocious puberty. 
In women of reproductive age, the tumor may be associated with menstrual irreg-
ularities. In postmenopausal women, irregular uterine bleeding is the most com-
mon manifestation due to endometrial alteration such as endometrial hyperplasia 
that exhibits some degree of atypia (24–80 %) and well-differentiated adenocarci-
noma (5 %). In addition, GCTs are associated with an increased incidence of 
breast cancer [ 5 ]. 

 About 80 % of JGCT occurs in children, who typically present with isosexual 
pseudoprecocity. When JGCT occurs after puberty, patients usually present with 
abdominal pain or swelling, menstrual irregularities, or amenorrhea. 

 SLCTs are in 95 % of cases confi ned to the ovaries, tumor rupture is present in 
10 % of cases, and 4 % of patients develop ascites. They are usually associated with 
hyperandrogenic symptoms (30 %), like hirsutism, acne and seborrhea, oligo- or 
amenorrhea, and in the most severe cases with clitoris hypertrophy, lower tone of 
voice, and may have laryngeal protuberance and reduction in breast volume. In 
some cases they have estrogenic functions and in 50 % of the cases are asymptom-
atic [ 22 – 24 ]. 

 In gynandroblastomas signs of virilescence generally are more frequent than the 
estrogenic ones.  
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    Tumor Markers and Diagnostics 

 Diagnostic work-up should include pelvic ultrasound, abdominopelvic computed 
tomography (CT scan), and chest X-ray. In young patients, serum human chorionic 
gonadotropin (hCG), α-fetoprotein (AFP) titers, and lactate dehydrogenase (LDH) 
can be assessed in order to differentiate germ cell ovarian tumors. 

 Estradiol is secreted by GCTs, but it is not a reliable marker of disease prolifera-
tion. Absence of estradiol secretion is observed in approximately 30 % of patients, 
and it may be due to a relative lack of theca cells in the tumor stroma. In the rare 
case of an androgen-secreting GCT, testosterone or its precursors could be used as 
tumor markers [ 5 ]. 

 Inhibin is secreted by granulosa cell tumors and could be a useful marker [ 25 ]. 
Inhibins are mainly formed in granulosa cells and are made of two subunits (subunit 
bA or bB). 

 The fi rst report of elevated serum inhibin levels associated with these tumors was 
published in 1989 by Lappohn et al. Several other studies seem to suggest that inhibin 
could be a useful marker of GCTs in both pre- and postmenopausal patients [ 26 ]. 
They demonstrated the effi cacy of inhibin as a marker for both primary and recurrent 
disease and showed that a rise in inhibin levels preceded clinical recurrence as early 
as 20 months. However, elevated inhibin levels are not specifi c for GCT, as may be 
observed in epithelial ovarian cancer, especially of the mucinous variety (82 %) [ 5 ]. 

 Newer studies using subunit-specifi c ELISA showed inhibin B to be the major 
form secreted in GCT and that inhibin B was more accurate than inhibin A to pre-
dict primary or recurrent disease. Inhibins act as autocrine and paracrine granulosa 
cell growth factors, and levels of inhibin refl ect the amount of tumor burden. 

 Another hormone that recently has been evaluated is the anti-Mullerian hormone 
(AMH); this hormone, in fact, is secreted by granulosa cells only in postnatal 
females and both prenatally and postnatally by Sertoli cells in the male testis. 

 AMH is a marker of ovarian reserve, and it disappears in menopausal age or after 
a bilateral oophorectomy. This marker is highly specifi c for GCT in postmenopausal 
women and is related to the extent of disease [ 27 ]. 

 AMH and inhibin B level parallel changes predict clinical recurrence as early as 
11 months. Several studies show AMH to be a reliable tumor marker with sensitiv-
ity between 76 and 100 %. Further studies are required before deciding which tumor 
marker could be most reliable in detection and management of GCT. One retrospec-
tive study suggests AMH to be more sensitive and reliable than inhibin [ 28 ]. 

 Regarding instrumental diagnostic work-up, new specifi c pattern recognition was 
validated with ultrasound. Van Holsbeke et al. described two typical patterns. The fi rst 
was a solid mass with heterogeneous echogenicity of the solid tissue as, for example, 
in necrotic tissue. The second pattern was a multilocular-solid mass containing a con-
siderable amount of solid tissue around relatively small locules, but with no papillary 
projections. It typically had a ‘Swiss cheese’ appearance owing to the large number of 
small locules with a variable thickness of solid tissue around the cystic areas [ 29 ]. 

 On the contrary 18F-FDG PET/CT is not useful in the staging and follow-up of 
the great majority of GCTs which are known to cause false-negative results due to 
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very low FDG avidity [ 30 ]. There are two possible explanations of this low sensitiv-
ity: one is related to the low metabolic and proliferative activity of GCTs as evi-
denced by weaker MIB-1 (a monoclonal antibody developed against the Ki-67 
antigen proliferation index marker); the other explanation could be related to their 
tendency to recur as cystic lesions [ 31 ].  

    Treatment 

    Surgery 

    Early Stage Disease 
 Surgery represents the most important therapeutic tool for patients with suspected 
SCSTs at early stage [ 32 ]. 

 The staging system for SCSTs is generally adopted from that for epithelial ovar-
ian cancer as originally defi ned by the International Federation of Gynecology and 
Obstetrics staging system (FIGO staging). However, the prognostic signifi cance of 
certain features within the FIGO classifi cation (such as positive cytology or ovarian 
surface involvement) has not been well defi ned for patients with SCSTs [ 33 ]. 

 Surgical approach can be carried out through an open route that allows adequate 
visualization of the upper abdomen or, in selected cases, by laparoscopy or robotics. 
Minimally invasive surgery could be considered feasible and safe either for primary 
surgery or restaging procedures in selected patients [ 34 ]. 

 The staging procedure includes infracolic omentectomy, biopsy of the diaphrag-
matic peritoneum, paracolic gutters, pelvic peritoneum, and peritoneal washings [ 33 ]. 

 Many reports indicate that more than 90 % of these neoplasms are unilateral and 
confi ned to the ovary. Thus, a fertility-sparing surgery with unilateral salpingo- 
oophorectomy and staging seems to be reasonable in patients wishing to preserve 
their fertility, in the absence of extra-ovarian spread. For young women who can be 
offered conservative therapy, uterine curettage should be performed before surgery, 
because of the frequent association of GCT with endometrial hyperplasia (55 %) or 
endometrial adenocarcinoma (4–20 %). 

 Removal of the other ovary and total abdominal hysterectomy are recommended 
in postmenopausal women, and it is advisable at the conclusion of childbearing, 
though this issue is still controversial. Some authors reported a worse survival for 
patients undergoing fertility-sparing surgery, but this was related mostly to a higher 
stage of disease in the group analyzed [ 35 ]. 

 Zanagnolo and Zhang published the two largest series about conservative 
treatment. 

 In the series of 63 cases published by Zanagnolo et al., a conservative surgical 
treatment was performed in 23 % of early stage tumors; none of them recurred, and 
fi ve of 11 patients became pregnant after treatment [ 36 ]. 

 Zhang et al., in a series of 110 patients, showed no statistical difference on survival 
between the conservative vs demolitive treatment (94.8 % and 94.9 %,  p  = 0.38) [ 37 ]. 

 SLCTs are frequently low-grade malignancies, although occasionally a poorly 
differentiated variety may behave more aggressively. Unilateral 
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salpingo- oophorectomy with preservation of the contralateral ovary and the uterus 
is now considered the adequate surgical treatment for patients in childbearing age. 

 There is no consensus about the role of systematic lymphadenectomy in SCSTs 
because of the very low incidence of retroperitoneal metastases in early stages [ 38 ,  39 ]. 

 Thrall et al. confi rmed previous reports and strengthened the principle that routine 
lymphadenectomy is unnecessary in the primary surgical management of SCSTs; 
they reviewed 47/87 patients, who had some nodal tissue examined as part of the 
initial or restaging procedure, and all examined nodes were negative [ 39 – 41 ]. 

 In a more recent study of Shim et al., 578 patients were analyzed, and lymph 
node metastases were not detected in the 86 patients who underwent lymph node 
removal. This study confi rms that the incidence of lymph node metastases in patients 
with clinical stage I and II SCSTs is low [ 34 ]. 

 Node dissection should be carried out only in those cases with evidence of nodal 
abnormality.  

    Advanced Stage and Recurrent Disease 
 In advanced stage SCSTs, surgery is necessary to establish a defi nitive pathological 
diagnosis, to perform staging, and to achieve optimal debulking. In patients with 
advanced stage disease or with bilateral ovarian involvement, abdominal hysterec-
tomy and bilateral salpingo-oophorectomy should be performed with a careful sur-
gical staging/cytoreduction. This includes a thorough exploration of abdominal 
cavity, washing for cytological analysis, multiple peritoneal biopsies, omentectomy, 
and pelvic and para-aortic lymph node sampling/dissection. Although no scientifi c 
evidence exists on the role of cytoreduction in these tumors, an effort should be 
made to remove all metastatic disease.   

    Adjuvant Treatment 

    Early Stage Disease 
 The majority of SCSTs are diagnosed at early stage (60–95 %). Given the indolent 
nature and the overall good prognosis, there are no data to support any kind of post-
operative adjuvant treatment for patients with stage I who underwent an adequate 
staging procedure. Some authors suggest adjuvant therapy for stage IC with high 
mitotic index with preoperative tumor rupture [ 5 ,  35 ]. For SLCTs, postoperative 
adjuvant chemotherapy should be considered for those patients with stage I poorly 
differentiated tumors or with heterologous elements. Platinum-based chemotherapy 
is the treatment of choice. The most commonly used regimen is the BEP combina-
tion (bleomycin, etoposide, cisplatin) for three courses [ 42 – 44 ]. 

 Alternative chemotherapy options include etoposide plus cisplatin, cyclophos-
phamide, doxorubicin and cisplatin, paclitaxel and carboplatin, or platinum agent 
alone.  

    Advanced Stage and Recurrent Disease 
 In metastatic and recurrent GCTs, debulking surgery continues to be the most effec-
tive treatment. 
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 The rarity of GCTs has made it impossible to conduct a well-designed random-
ized study assessing the value of postoperative therapy after debulking surgery. 

 Postoperative treatment should be considered in case of residual tumor after sur-
gery [ 45 – 49 ]. 

 Different approaches such as surgery followed by either chemotherapy or hor-
monal therapy and radiation have been associated with prolonged disease-free sur-
vival in some series [ 17 ,  35 ,  36 ,  42 ].   

    Chemotherapy 

 The rarity of this disease, the different regimens utilized, and the tendency for late 
relapses make it diffi cult to draw defi nitive guidelines. Platinum-based chemother-
apy has been the treatment of choice for the past decade with an overall response 
rate of 63–80 % for advanced and relapsed disease [ 50 ]. 

 In the early 1980s, the fi rst promising regimens reported in the literature were the 
combination of cisplatin with doxorubicin (AP) and the three drugs regimen cispla-
tin, doxorubicin, and cyclophosphamide (CAP). The response rate was 100 % and 
63 %, respectively [ 47 ,  51 ]. 

 Later, PVB (cisplatin-vinblastine-bleomycin) was reported as an effective regi-
men in two Italian studies and in one EORTC (European Organization for Research 
and Treatment of Cancer) series, with response rates ranging from 57 to 82 % [ 46 , 
 48 ,  52 ]. Despite these promising results, severe hematologic and non-hematologic 
toxicities were reported, making this regimen unfeasible in most patients. 

 The combination of platinum with bleomycin and etoposide (BEP) was subse-
quently tested. 

 Gershenson et al. observed an overall response rate of 83 % in a series of nine 
patients with poor-prognosis SCSTs treated with BEP. Median progression-free sur-
vival was 14 months, and median overall survival was 28 months [ 49 ]. 

 In 1999, Homesley reported the results of a Gynecologic Oncology Group 
(GOG) study on the use of BEP in a series of 56 patients. In this trial, with a median 
follow-up of 3 years, 11 (69 %) of 16 patients in the primary advanced disease cat-
egory and 21 (51 %) of 41 of recurrent patients were progression-free. However, this 
active regimen was associated with a severe toxicity, in particular, Grade 4 myelo-
toxicity occurred in 61 % of patients [ 43 ]. 

 In 1995 Tresukosol reported the fi rst case report on paclitaxel response of recur-
rent GCTs [ 53 ]. 

 In a more recent retrospective study from Brown et al., the effi cacy and side 
effects of taxanes, with or without platinum, were historically compared to BEP in 
the recurrent and advanced setting (222 patients). For newly diagnosed patients 
treated with BEP versus taxane, no signifi cant differences in response rate (82 % for 
both regimens), median overall survival (97.2 months for BEP and more than 52 
months for taxane), and median progression-free survival (46.1 months for BEP and 
more than 52 months for taxane) were observed. Median OS and PFS for taxane 
were not reached. 
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 Among patients treated for recurrent measurable disease, the response rate was 
higher, but not statistically signifi cant, with BEP (71 %) compared to taxane (37 %); 
the median progression-free survival was 11.2 and 7.2 months, respectively. The 
presence of platinum in the taxane-based combination correlated with response in 
patients with recurrent disease: 60 % with taxane–platinum comparing with 18 % 
with taxane alone. Many of the latter patients, however, had received platinum 
before. Toxicity profi le was better with taxane regimens [ 54 ]. 

 Currently, BEP regimen for three to six cycles (last three without bleomycin) or 
carboplatin/paclitaxel is recommended for advanced and recurrent SCSTs. A 
Gynecologic Oncology Group phase II trial is currently ongoing, to compare BEP 
versus the combination of paclitaxel and carboplatin for patients with newly diag-
nosed and chemo-naïve recurrent metastatic SCSTs of the ovary (GOG0264) [ 55 ]. 

 New perspectives in the systemic treatment of SCSTs are represented by antian-
giogenic agents, due to the overexpression of vascular endothelial growth factor and 
vascularity of these tumors. 

 In a recent retrospective study conducted at MD Anderson Cancer Center, the 
potential activity of bevacizumab was tested in eight patients. The median 
progression- free survival was 7.2 months, and overall survival was not reached at a 
median follow-up of 23.6 months. VEGF overexpression and microvessel density 
were associated with poor outcome, but sample size was too small to calculate sta-
tistical signifi cance [ 56 ]. 

 The Gynecologic Oncology Group conducted a phase II prospective multi- 
institutional trial (GOG 251) on the use of bevacizumab for women with recur-
rent SCSTs. In this trial, patients received bevacizumab 15 mg/kg intravenously 
on day 1 of every 21-day cycle until progression or unacceptable adverse effects. 
The median progression-free survival was 9.3 months, and the median overall 
survival was not reached. Inhibin A and B values were lower in patients who 
responded to treatment, but the difference was not statistically signifi cant 
( p  = 0.100) [ 57 ]. 

 Another ongoing study (ALIENOR–ENGOT-ov7/GINECO) aims to explore the 
clinical benefi t of adding bevacizumab to weekly paclitaxel followed by bevaci-
zumab as maintenance versus weekly paclitaxel followed by observation in patients 
with relapsed SCSTs.  

    Radiation Therapy 

 Radiation treatment could be considered in selected cases with isolated liver, bone, 
and mediastinal recurrences, although data on large series are not available. 

 Wolf et al. reported on 14 advanced or recurrent patients with clinically measur-
able disease. Six of 14 patients achieved a clinical complete response with an over-
all response rate of 43 %; three of them remained alive and without evidence of 
disease 10–21 years after treatment, whereas the other three patients experienced 
relapse between 4 and 5 years after radiation. The eight nonresponders had a median 
survival time of 12.3 months [ 58 ].  
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    Hormonal Therapy 

 The use of hormone-based approach is a promising therapeutic strategy in GCTs. 
 Given the functional hormonal nature of GCTs, it has been suggested that the 

suppression of endogenous estrogens may provide antiproliferative benefi ts [ 59 ]. 
 Aromatase inhibitors (AI) are a family of oral nonsteroidal (anastrozole and 

letrozole) and steroidal (exemestane) medications that bind to aromatase, an enzyme 
involved in the conversion of androstenedione to estriol (E1) and testosterone to 
estradiol (E2). AI have been widely utilized in the treatment of advanced breast 
cancer, and they are the current fi rst-line adjuvant hormonal therapy for estrogen 
receptor-positive postmenopausal breast cancer [ 60 ]. 

 AI have been used in the management of six recurrent GCT cases with promising 
results. 

 Freeman et al. described the fi rst two cases in the literature. Both patients 
received treatment with anastrozole following multiple treatment modalities for 
recurrent GCT, including surgery, chemotherapy (carboplatin/paclitaxel and pacli-
taxel alone), radiotherapy, and gonadotropin-releasing hormone (GnRH) agonists. 
These patients experienced normalization of their inhibin levels, which remained 
normal for 14 and 18 months. 

 Korach et al. treated four patients with recurrent GCT with AI (two treated with 
anastrozole and two with letrozole) and showed clinical complete responses in three 
patients [ 59 ,  61 ]. 

 Response to progestins, gonadotropin-releasing hormone agonists, and tamoxi-
fen has been reported in several case series [ 62 ]. 

 Briasoulis et al. observed activity of oral megestrol acetate, 160 mg daily, in the 
treatment of lung recurrence after platinum-based chemotherapy [ 63 ]. 

 Fisherman et al. reported a partial response rate of 40 % to leuprolide acetate 
in a small series of six patients with refractory or persistent disease without 
major adverse effects. Thus, he concluded that hormonal therapy can be used in 
cases of progressive disease that have failed to respond to chemotherapy and/or 
radiation [ 64 ]. 

 In a recent review, van Meurs reported the results of 31 patients treated with 
hormonal therapy. In 25.8 % of patients, a complete response, and in 45.2 % a partial 
response, was described. Four patients had stable disease, while fi ve patients had a 
progression. Various hormone treatments showed different results, for instance, AI 
demonstrated response in nine out of nine, tamoxifen in none of three. Median 
progression-free survival after the start of hormone therapy was 18 months (range 
0–60). 

 Despite the limited available data, hormone therapy appears to be a useful treat-
ment alternative for patients with advanced stage or recurrent GCTs. However, 
study quality is poor, and prospective studies are needed to confi rm clinical benefi t 
[ 65 ,  66 ] (Fig.  19.1 ).
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        Prognosis 

    AGCTs 

 Several prognostic factors have been proposed in AGCTs such as stage, grade, 
residual disease, age, rupture, mitotic activity, nuclear atypia, aneuploidy, p53 over-
expression, high Ki-67, and histological pattern [ 37 ,  39 ,  67 – 69 ]. 
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  Fig. 19.1    Flow chart on the clinical management of sex cord stromal tumors       
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 However, only stage has been shown as a signifi cant prognostic factor for 
survival. 

 In a recent study by Park et al., the 5-year disease-specifi c survival (DFS) and OS 
rate in early stage (stages I and II) disease was 89 and 99 %, respectively, while in 
advanced stages (stages III and IV), it was 72 % and 80 %, respectively. The 10-year 
DFS and OS rate in early stage disease was 89 % and 90 %, respectively, while in 
advanced stages, it was 57 and 67 %. Grade I and II tumors had better survival com-
pared to grade III tumors. The disease-specifi c survival at 5 and 10 years for grade 
I and II tumors was 96 % and 86 %, respectively, while the disease-specifi c survival 
at 5 and 10 years for grade III tumors was 64 % and 59 %, respectively [ 37 ]. 

 Complete surgical debulking is associated with better prognosis: the presence of 
postoperative residual tumor reduces survival from 82 to 22 % [ 70 ]. 

 In the study by Ranganathan et al., median survival of patients who underwent 
optimal cytoreduction was 60 months in contrast to 19 months for those who did 
not. All the patients who were unable to undergo optimal cytoreduction died of 
disease [ 39 ]. 

 Chan et al. confi rmed that absence of residual disease is a predictor for improved 
survival [ 71 ]. 

 The effect of age on prognosis is controversial. Lee et al. have shown a high recur-
rence rate in patients younger than 40 years. When comparing the survival of patients 
younger than 40 years to those older than 40 years, the 5- and 10-year disease- free 
survival rate was reduced from 93 to 82 % and from 84 to 48 %, respectively [ 68 ]. 

 However, other studies have shown an improved prognosis in younger patients 
[ 71 ,  72 ]. 

 A series evaluating the signifi cance of tumor rupture showed a decrease in 
25-year survival from 86 % in patients with stage IA disease to 60 % in patients with 
stage IC [ 73 ]. 

 Koukourakis et al. reported a DFS at 80 months of 90 % for tumors with mitotic 
index <4/10 HPF compared to 25 % for those with a higher mitotic index. 

 In a study comparing the 25-year survival rate in patients with mild nuclear 
atypia to those with marked atypia, a fall in survival from 80 to 60 % was noted [ 73 ]. 

 Tumors with a follicular pattern seemed to have a better survival compared to 
tumors with a diffuse or insular histological pattern [ 73 ]. 

 GATA4 promotes granulosa cell proliferation; immunohistochemistry studies 
showed high GATA4 activity in GCTs which positively correlated to the clinical 
stage (IC and above) and risk of recurrence. This marker can be used as an impor-
tant tool to predict tumor aggressiveness [ 9 ]. 

 Newly diagnosed AGCTs with an intense expression of b-catenin showed a 
disease- free survival of 16.8 years, as compared with 12.7 years for tumors with a 
reduced intensity of expression [ 74 ]. 

 FOXL2 has also clinical implication in prognosis of GCTs: patients with higher 
FOXL2 protein expression had worse overall survival and disease-free survival than 
those with negative or weak expression [ 11 ].  
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    JGCTs 

 In contrast to AGCT, which recurs late, almost all clinically malignant JGCT recurs 
within 3 years. 

 Although the JGCTs usually appear less differentiated than the adult form, fol-
low- up data indicate a high cure rate. Young et al. reported on 95 patients with an 
average follow-up of 5 years and observed that 92 % of patients were alive and free 
of disease. As in AGCT, the most important prognostic factor for JGCT is stage; the 
juvenile form is aggressive in advanced stages, and the time to relapse and death is 
of short duration (<3 years) [ 75 ].  

    SLCTs 

 In SLCTs prognosis is closely related to their degree of differentiation, the presence 
of heterologous elements, and stage of disease. 

 In the report by Young and Scully, none of the well-differentiated tumors, 11 % 
of those with intermediate differentiation, 59 % of the poorly differentiated tumors, 
and 19 % of those with heterologous elements, were clinically malignant. In the 
Zaloudek and Norris series, four of 20 poorly differentiated tumors were malignant, 
in contrast with one of 44 tumors of intermediate differentiation and none of the 
seven well-differentiated tumors. 

 Advanced stages are associated with a poor prognosis, with a mortality rate of 
100 %. The collective salvage rates in patients with clinically malignant disease are 
less than 20 % [ 2 ,  76 ].   

    Follow-Up 

 A long-term follow-up is required for GCTs due to their indolent nature and their 
tendency to late recurrence. 

 Approximately median time to relapse is 4–6 years, but some authors described 
relapses at 20 years from diagnosis [ 35 ,  77 – 80 ]. 

 The upper abdomen (55–70 %) and the pelvis (30–45 %) are the most common 
sites of recurrence. 

 Follow-up visit must include history, physical examination with pelvic examina-
tion, and tumor markers (inhibin, AMH). 

 In a cohort of 123 premenopausal and postmenopausal AGCT patients reported 
by Färkkilä, AMH was highly sensitive (92 %) and specifi c (81 %) in detecting the 
presence of a macroscopic AGCT, and the combination of the markers was superior 
to inhibin B alone [ 81 ]. 

 In the absence of strong evidences on follow-up strategy in SCSTs, ESMO 
guidelines recommend pelvic examination and tumor markers every 3 months for 
the fi rst 2 years and then every 6 months after the third year until progression; a 
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pelvic ultrasound should be carried out every 6 months in those patients who have 
undergone fertility-sparing surgery, whereas a CT scan of the abdomen and pelvis 
is usually carried out according to clinical indication [ 82 ]. 

 Because the risk of breast cancer in these patients is not negligible, especially 
those with the juvenile form, clinical monitoring and regular mammograms should 
be performed [ 35 ,  83 ].     
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    Abstract 
   Small cell carcinoma of the ovary (SCCO) is a rare tumor in a very young popu-
lation with a bad prognosis, even when diagnosed as stage 1A. Recent data sug-
gest a possible implication of SMARCA4 gene in SCCOHT oncogenesis and 
suggest they may simply be an ovarian variant of malignant rhabdoid tumors. 
Multimodal approach including intensive chemotherapy, radical surgery and 
possibly radiotherapy is actually often proposed.   

  Small cell carcinoma of the ovary (SCCO) is a rare tumor that was fi rst described by 
Dickersin and Scully in the 1980s [ 1 ,  2 ] and which usually affects young women 
and children. The incidence of these tumors is low, since they account for less than 
1 % of ovarian cancers [ 3 ]. They grow very aggressively, and the majority of patients 
present with advanced stage disease and die rapidly (within 6 months); however, 
even those diagnosed as stage 1A share a poor prognosis with only 30–40 % of long- 
term survivors with standard treatment [ 4 ]. Potential prognostic factors, in addition 
to disease stage (stage IA versus others), are age >30 years, normal preoperative 
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calcium level, a tumor size <10 cm, the absence of large cells, surgical resection 
including bilateral oophorectomy, and postoperative radiotherapy in some cases [ 5 ]. 

 Unfortunately, most of the time, these tumors present at advanced stages (>stage 
IA) with a size exceeding 10 cm and in the second decade of life. SCCO is described 
as a highly aggressive tumor in a very young patient population (but often with 
rapid disease progression). In addition, there is no international consensus regarding 
the optimal treatment of SCCO, and a multimodal approach including chemother-
apy, radical surgery, and possibly radiotherapy is often proposed. However, no ran-
domized studies have ever been conducted, and the available published data are 
composed of case reports or small retrospective series with very heterogeneous 
management strategies. International guidelines were published in 2015 to help cli-
nicians to offer the best therapeutic options [ 6 ]. 

    Pathology 

 Two types of SCCO are now recognized in the WHO classifi cation and have differ-
ent clinical patterns. The hypercalcemic is the most common (SCCOHT) and non- 
small cell neuroendocrine carcinoma (large cell variant) which can be diffi cult to 
distinguish from the fi rst one. Well-differentiated neuroendocrine tumors (carci-
noids) are not fully discussed in this chapter and include classical primary carcinoid 
tumors of the ovary, which are equally uncommon [ 5 ,  7 ,  8 ]. SCCOHTs are the most 
frequent, tend to arise in younger women, with a mean age 28 years, and often pres-
ent in nonsmokers. 

 SCCOHT is suspected when there is an undifferentiated ovarian carcinoma com-
posed of small cells with scanty neoplasm occurring in a young patient and associ-
ated with hypercalcemia, which occurs in approximately 70 % of cases, but cannot 
be diagnostic. The large cell variant may cause some diagnostic confusion as may 
have a mixture of both large and small cells [ 6 ]. 

 As tumors are highly undifferentiated, the histogenesis remained obscure (epi-
thelial, germinal, or mesenchymatous), but most tumors display epithelial markers 
[ 5 ,  8 ]; interestingly, recent data suggest they may simply be an ovarian variant of 
malignant rhabdoid tumors [ 9 ,  10 ]. 

 Until recently, literature describing the genomic profi le of SCCOHT was scarce. 
However, recent publications have confi rmed that there may be an identifi able 
molecular pathway in SCCO. Sequencing of cases with available DNA identifi ed 
recurrent germ line or somatic deleterious  SMARCA4  mutations, suggesting a pos-
sible implication of SMARCA4 in SCCOHT oncogenesis. Germ line mutations in 
 SMARCA4  or  SMARCB1  were already known to predispose to the development of 
pediatric tumors, namely, atypical teratoid/rhabdoid tumors [ 11 ,  12 ]. Mutations in 
the SWItch/Sucrose NonFermentable (SWI/SNF) chromatin-remodeling gene, 
 SMARCA4  encoding BRG1, have now been shown to be a frequent event occurring 
in 76–100 % of SCCOHT tumors [ 13 – 15 ]. The SWI/SNF complex has been 
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identifi ed as a tumor suppressor that functions primarily by remodeling nucleosome 
structure and generating sites that are more or less accessible to DNA-binding fac-
tors. SWI/SNF acts as a master coordinator of gene activation and repression and 
appears to be particularly involved in regulating lineage-specifi c and differentiation 
gene expression programs [ 16 ,  17 ]. 

 Inactivating germ line and somatic  SMARCA4  mutations have been identifi ed in 
SCCOHT in three papers published at the same time: the fi rst one identifi ed inacti-
vating biallelic  SMARCA4  mutations in 100 % of the 12 SCCOHT tumors examined 
[ 13 ]. Protein studies confi rmed loss of the SWI/SNF chromatin-remodeling com-
plex  SMARCA4  expression, suggesting a key role in SCCOHT; the second one iden-
tifi ed germ line and somatic inactivating mutations in the gene  SMARCA4  in 75 % 
(9/12) of SCCOHT cases in addition to  SMARCA4  protein loss in 82 % (14/17) of 
SCCOHT tumors, but in only 0.4 % (2/485) of other primary ovarian tumors [ 14 ]. 
In the third article, authors sequenced the exomes of six individuals from three 
families with SCCOHT [ 15 ]. After discovering segregating deleterious germ line 
mutations in  SMARCA4 , all the familial tumors sequenced harbored either a somatic 
mutation or loss of the wild-type allele. Immunohistochemical analysis of these 
cases and additional familial and nonfamilial cases showed loss of  SMARCA4  
(BRG1) protein in 38 of 40 tumors overall. Taken together, these data suggest that 
 SMARCA4  loss of function mutations may have real diagnostic utility; the question 
is whether these mutations may also have therapeutic implications. 

 Until, there were no robust immunohistochemical diagnostic markers, SCCOHTs 
usually stain diffusely for WT1, which is of little diagnostic aid. The “gold stan-
dard” for diagnosis remains an evaluation by an expert pathologist. In France, all 
suspected SCCOHTs are centrally reviewed by a reference pathologist within the 
National Rare Ovarian Tumor Network [ 18 ]. The differential diagnosis included 
germ cell and granulosa/sex cord tumors, especially if they were more poorly dif-
ferentiated. Given the diagnostic challenge frequently posed by these rare tumors. 

 Regarding the rarity and the therapeutic implications in this particularly rare 
population of women, all suspected cases should benefi t from a review by an expert 
pathologist in a reference center and be discussed in a specialized tumor board.  

    Surgery 

 There are no published data on the impact of surgery in SCCO. Most data on epithe-
lial ovarian tumors suggest a statistically signifi cant positive correlation between 
the percentage of maximum cytoreduction and median survival [ 19 ]. Another argu-
ment in favor of maximum cytoreduction in SCCOs is that this may facilitate the 
action of postoperative chemotherapy. On the basis of these two arguments, maxi-
mum debulking surgery by a gynecological oncologist is recommended. 

 Standard primary surgical debulking (hysterectomy, bilateral annexectomy, 
omentectomy, pelvic and lombo-aortic lymphadenectomy) is the treatment of 
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choice. However, for selected patients with bulky stage III disease or stage IV dis-
ease where primary debulking surgery is not considered to be achievable, the use of 
neoadjuvant chemotherapy may be considered on an individual basis after discus-
sion at the tumor board [ 6 ].  

    Chemotherapy 

 Similar to small cell carcinomas of the lung, SCCOHTs are particularly chemosen-
sitive at the outset, but can rapidly escape therapy probably as a result of drug resis-
tance. The choice of chemotherapy regimen is generally extrapolated from data in 
small cell carcinoma of the lung. A combination of a cisplatin and etoposide-based 
therapy is generally considered most appropriate [ 6 ,  20 ,  21 ]. 

 To optimize the practical use of anticancer chemotherapy in these young patients 
with initially good tumor response, some groups have opted for an aggressive strat-
egy with extensive surgery to lower the tumor burden on the one hand and dose 
intensive chemotherapy to circumvent cell resistance. The only prospective clinical 
trial reported in SCCOHTs was a prospective trial testing combination intensive 
therapy for stage I to IV tumors [ 22 ]. Patients received multimodality therapy with 
aggressive debulking surgery, chemotherapy with a platinum etoposide-based regi-
men (PAVEP, cisplatin, Adriamycin, VP-16, and cyclophosphamide), and one cycle 
of high-dose consolidation chemotherapy followed by autologous stem cell support 
in case of complete response. Eighteen patients among 27 achieved a complete 
remission, and ten proceeded to high-dose chemotherapy with stem cell support. The 
only long-term survivors had complete surgical resection. This procedure resulted in 
an encouraging 3-year survival rate for the entire population of 49 %. This study also 
used neoadjuvant chemotherapy in a small number of cases who went on to undergo 
delayed primary surgery. As three pelvic relapses have been registered, pelvic radio-
therapy has been added to the current protocol to reduce the risk of local relapse. 

 Prospective collection of data is needed with new protocols to help develop new 
and more effective treatments; in addition, standardizing management is key. The 
French National Network proposes decision-making algorithms and treatment rec-
ommendations to ensure that all SCCO patients are treated according to a standard 
protocol [ 18 ].  

    Relapsed Disease 

 The management of relapsed disease is often very challenging, and prolonged 
remissions are never achieved with second-line chemotherapy regimens usu-
ally used in small cell lung carcinomas. A number of schedules have been 
reported including the combination of cyclophosphamide, Adriamycin, and 
vincristine. There are anecdotal reports on carboplatin and paclitaxel including 
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dose-dense regimes, and topotecan has also shown some modest activity as in 
small cell lung cancers. To date, no targeted therapies have been tested in 
SCCO. Second-line treatment is likely to achieve short remission rates, and 
beyond that, patients should be considered for phase I trials if they remain of 
good performance status [ 6 ]. The future probably requires a better understand-
ing of the molecular drivers. 

   Conclusion 
 Even with intensive regimens, prognosis remains dismal, and despite frequent 
initial responses to chemotherapy, relapses are almost inevitable and tend to be 
refractory to second-line chemotherapy. Every case has to benefi t from central-
ized pathological review and be presented to a tumor board. Efforts should be 
made to treat patients in a more homogeneous way through national and interna-
tional networks. More effective therapies are urgently needed.      
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