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Rare Ovarian Cancers:
Challenges and Barriers

• Small number of cases

• Long trial accrual times

• Few interested investigators

• Less attention by scientific community

• Funding priority has been low

• Low priority for Pharma

• Fewer patient advocates

• Lack of standard bioinformatics methods and 
trial designs
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Rare Ovarian Cancers

Subtypes
• Germ Cell Tumors

• Sex Cord-Stromal 
Tumors

• Rare Epithelial Tumors

– Clear Cell

– Mucinous

– Low-Grade Serous

Topics
• Basic Features

• Standard Treatment

• Ongoing Research
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MALIGNANT GERM CELL TUMORS
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WHO Classification

• Dysgerminoma

• Yolk sac tumor

• Immature teratoma

• Nongestational choriocarcinoma

• Embryonal carcinoma

• Polyembryoma

• Mixed germ cell tumor
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Basic Features

• Represent less than 5% of all ovarian cancers
• Occur in girls and young women
• Relatively rapidly growing
• Incidence 1/10th that of testicular cancer
• Signs & Sx: Abdominal pain and palpable mass
• Almost always unilateral
• Average size: 16 cm
• 60-70% stage I
• Prior to 1970s, most patients did not survive
• Since introduction of modern chemotherapy, cure rate 

is 95%
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Serum Tumor Markers

Histology AFP hCG

Dysgerminoma - +

Immature teratoma + -

Yolk sac tumor + -

Choriocarcinoma - +

Embryonal carcinoma + +

Polyembryoma + +

Mixed GCT + +
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Standard Therapy

Surgery Chemotherapy
• Bleomycin, Etoposide, and 

Cisplatin (BEP) X 3-4 cycles

• For all cell types and stages 
except:
– Stage I Dysgerminoma

– Stage I, Grade 1 Immature 
Teratoma
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Ongoing Research

• Limiting extent of surgical staging
– Removal of ovarian tumor

– Cytologic washing

– Inspection & palpation

– Removal of any abnormal areas

• Reducing toxicity of postoperative therapy
– Eliminating chemotherapy for stage IA or IB

– Substituting carboplatin for cisplatin for stage IC-III

– Reducing number of drugs  for treatment of 
dysgerminoma
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MaGIC COG/NRG Trial
Low Risk Stratum

Age 0-50 years
Stage I, All Sites

(Stage IA MOGCT) 

Surveillance &
Monitoring 

Chemotherapy if 
Relapse 
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MaGIC COG/NRG Trial
Intermediate Risk Stratum

Age 0-25
All Sites

(Stage IC-III MOGCT) 
R

Carboplatin AUC 8.0 day 2
Etoposide 165 mg/m2 days 1-3

Bleomycin 15 U/m2 days 1, 8, 15

Cisplatin 33 mg/m2 days 1-3
Etoposide 165 mg/m2 days 1-3

Bleomycin 15 U/m2 days 1, 8, 15   
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OVARIAN SEX CORD-STROMAL 
TUMORS
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WHO Classification

• Granulosa cell tumor

–Adult

– Juvenile

• Sertoli-Leydig cell tumors

–Well differentiated

–Moderately differentiated

–Poorly differentiated

• Other
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Basic Features:
Granulosa-Theca Tumors

• Represent 2% of all ovarian malignancies

• Mean age in 50s but extremely wide age range

• Usually stage I and unilateral

• Tumor rupture is common

• Presentation may be related to estrogen production

• Tumor markers: Inhibin, AMH, estradiol

• Associated with increased risk of endometrial or 
breast cancer

• Juvenile type may be associated with Ollier’s disease 
or Maffuci’s syndrome
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Basic Features:
Sertoli-Leydig Cell Tumors

• Usually stage I and unilateral

• Average age = 28 years

• May produce testosterone or, less commonly, 
estrogen

• Tumor markers: testosterone, AFP

• Biologic behavior depends on:

– Differentiation

– Presence of heterologous elements
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Standard Therapy:
Surgery

• Surgery is cornerstone of treatment

• Primary Surgery
– TAH + BSO, surgical staging

– Cytoreductive surgery in advanced stage

– Lymphadenectomy not recommended

– Fertility-sparing surgery in young patients

– Endometrial biopsy if uterus preserved (GCT)

• Secondary cytoreductive surgery in selected 
patients
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Standard Therapy:
Chemotherapy
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Standard Therapy:
Chemotherapy

• Stage IA

– GCT or G1-2 SLT: Surgery alone

– G3 SLT: Platinum-based chemotherapy

• Stage IC: No consensus

• Stages II-IV: No consensus

• Most common regimens:

– Bleomycin, Etoposide, Cisplatin (BEP)

– Paclitaxel + Carboplatin
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Standard Therapy:
Chemotherapy
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Standard Therapy:
Hormonal Therapy
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Standard Therapy:
Hormonal Therapy

Van Meurs et al.
Gynecol Oncol 2014
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GOG 251
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A Randomized Phase II Trial of Paclitaxel and Carboplatin

vs BEP for Newly Diagnosed Advanced Stage and Recurrent

Chemo-Naïve Sex Cord-Stromal Tumors of the Ovary 

Stage III-IV or 
Recurrent Chemo-

Naïve SCST of Ovary

Carboplatin AUC 6
Paclitaxel 175 mg/m2

X 6 cycles 

Bleomycin 20 U/m2

Etoposide 75 mg/m2 d 1-5
Cisplatin 20 mg/m2 d 1-5

X 4 cycles

Accrual 41/128

GOG 264
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Epithelial Ovarian Cancer

High-Grade Serous 

Clear Cell Mucinous Low-Grade Serous
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New Paradigm

• Ovarian cancer is not one but several distinct entities

• Advances in understanding heterogeneity:

– Pathologic diagnostic criteria

– Molecular biology

– Hypothesis-generating clinical studies

• Establishment of GOG Rare Tumor Committee (2005) with 
separate clinical trials for specific subtypes

• Prior to 2005:
– All EOC treated identically

– No prospective clinical trials for rare EOC

• “One size does not fit all!”
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52 CAP vs CP

097 Cisplatin Dose Intensity (DI)

104 IP-Cisplatin vs IV-Cisplatin

111 Cisplatin-Paclitaxel vs Cisplatin-Cyclophosphamide

114 Carboplatin (AUC 9)  IP-Cisplatin – Paclitaxel

132 Sequential Single-Agent vs Combination

152 Interval Cytoreduction

158 Carboplatin-Paclitaxel (3 h) vs Cisplatin-Paclitaxel (24 h)

162 24 h vs 96 h Paclitaxel with Cisplatin

164 ABMT Consolidation

172 IP-Cisplatin & IP-Paclitaxel vs IV

178 Paclitaxel Consolidation 

182 Carbo-Paclitaxel & Gemcitabine, Topotecan, or PEG-Lipo-Dox

212 Paclitaxel and PG-Paclitaxel Consolidation

218 Carbo-Paclitaxel +/- Bevacizumab

252 Carboplatin IP and Dose-Dense Paclitaxel (Optimal)

262 Dose-Dense Paclitaxel +/- Bevacizumab (Suboptimal)

1981

2011

Advanced Ovarian Cancer: GOG Phase III Trials



Expression Subtypes: HGSC
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High-Grade Serous Carcinoma

• Associated with 18% frequency of BRCA
germline mutations and 50% frequency of BRCA
somatic mutations

• Mutations of BRCA genes result in increased 
frequency of gene rearrangements

• PARP enzymes play essential role in repair of 
single-strand DNA breaks

• PARP inhibition leads to double-strand DNA 
breaks that cannot be accurately repaired in 
tumors with HRD
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Key Pathways & Potential Targets:
High-Grade Serous Carcinoma

• Angiogenesis pathway
– Bevacizumab, Aflibercept, Cediranib, AMG 386, etc.

• Homologous Recombination pathway
– Multiple PARP inhibitors

• P53 gene
– Wee1 inhibitors, CP-31398, Nutlin, MoAB, FAK inhibitors

• PI3K/AKT/mTOR pathway
– Everolimus, Temsirolimus, and several others

• PD-1 and PD-L1
– Multiple checkpoint inhibitors
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Basic Features
Feature Clear Cell Low-Grade Serous Mucinous

Incidence 5% 5% 10%

Stage Distribution

Stages I/II 67% 10% 61%

Stages III/IV 33% 90% 39%

Biology Aggressive Indolent Aggressive

Relative 
Chemoresistance

Yes Yes Yes

Outcomes in Early 
Stage

Similar to HGSC
HR = .87  

Unknown but
thought to be 

excellent

Similar to HGSC
HR = .87

Outcomes in 
Advanced Stage

Median OS = 21 mo
Worse than HGSC

HR = 2.2

Median OS = 101 mo
Better than HGSC

HR = ?

Median OS = 15 mo
Worse than HGSC

HR = 2.7
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Standard Therapy:
Early Stage

• Comprehensive surgical staging

– Mucinous carcinoma

• Appendectomy

• Lymphadenectomy unnecessary

• Role for fertility-sparing surgery in selected young 
patients

• Surgery alone for stage IA (sparse data)

• Stages IC-II: Platinum/Taxane chemotherapy
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Standard Therapy:

Advanced Stage

• Principle is maximum cytoreductive surgery to 

achieve minimal residual disease

• Options:

– Primary cytoreductive surgery + Chemotherapy

– Neoadjuvant chemotherapy + Interval debulking

• Standard chemotherapy: Paclitaxel/Carboplatin

– IP Chemotherapy

– Dose Dense Paclitaxel

– Addition of Bevacizumab, including maintenance

• Currently no front-line trials for rare subtypes
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MUCINOUS CARCINOMA
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Mucinous Carcinoma:
Key Pathways & Potential Targets

• Angiogenesis pathway

• HER-2/neu (20%)

• MAPK (RAS mutation, 40-50%

• Src
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mEOC/GOG 241: A Randomized Phase III Trial of Capecitabine/Oxaliplatin

vs. Paclitaxel/Carboplatin +/- Bevacizumab in Patients with

Previously Untreated Mucinous Ovarian Cancer 

Stage II-IV or Recurrent 
Stage I Mucinous 

Carcinoma of Ovary
(N = 332)

Carboplatin AUC 5/6
Paclitaxel 175 mg/m2

X 6 cycles 

Oxaliplatin 130 mg/m2

Capecitabine 850 mg/m2 bd
X 6 cycles

Bevacizumab
15 mg/kg

Q. 3 wk. X 6

No
Bevacizumab

Bevacizumab
15 mg/kg

Q. 3 wk. X 6

No
Bevacizumab
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Pathology of Advanced Stage 

Mucinous Carcinoma

• Review of 3435 pts 
in international 
randomized phase 
III trial

• 41 cases with 
adequate pathology 
material
– 12 (29%) considered 

primary

– 29 (71%) considered 
metastatic

Zaino et al.
Cancer 2011 43



CLEAR CELL CARCINOMA
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Relative Chemoresistance of

Recurrent Clear Cell Carcinoma

• 51 pts. with recurrent CCC who received total of 105 regimens 
(pt.-regimens)

– Platinum-sensitive disease: 2 PRs to retreatment with 
paclitaxel/carboplatin

– Platinum-resistant disease: 1 PR to gemcitabine

Crotzer et al. Gynecol Oncol 2007

• 75 pts. with recurrent CCC who received second-line 
chemotherapy

– Platinum-sensitive disease: 2 PRs (8%) (1 platinum & 1 
platinum + irinotecan)

– Platinum-resistant disease: 3 PRs (6%) (2 platinum + 
etoposide & 1 platinum + irinotecan)

Takano et al. Int J Gynecol Cancer 2008
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ARID1A is a Tumor Suppressor Gene
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Clear Cell Carcinoma:
Key Pathways & Potential Targets

• ARID1A mutation 50%
• PI3K/AKT/mTOR pathway 30-40%
• Angiogenesis pathway
• PD-1 and PD-L1
• HNF-1β upregulation 100%
• IL6-HIF-1α pathway upregulation 50%
• MET amplification 20-30%
• HER-2 amplification 14%
• PPM1D amplification 10%
• Microsatellite instability (MSI) 7-18%
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Clear Cell Carcinoma:
Clinical Trials

Trial Agents Results

JGOG3017/GCIG Irinotecan/cisplatin vs paclitaxel/carboplatin 2-yr OS = 85.5% vs 87.4% (NS)

GOG 268 Paclitaxel/carboplatin + temsirolimus + temsirolimus 
maintenance

54% with PFS > 12 mo
No better than historical controls

GOG 254 Sunitinib malate ORR = 7%

GY-001 Cabozantinib Did not go to 2nd stage
Report pending

University Health Network
Toronto

ENMD-2076 ORR = 2%

GOG 283 Dasatinib Recruiting

NiCCC Nintedanib Recruiting

RT1627 Pembrolizumab + epacadostat In development
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Nivolumab in Platinum-Resistant EOC

• 60 y/o woman with recurrent, platinum-resistant clear cell carcinoma of ovary
• Treated with Nivolumab after 3 lines of conventional chemotherapy
• Patient continues to be in CR after 1-year course

Hamanishi et al.
J Clin Oncol 2015
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LOW-GRADE SEROUS 

CARCINOMA
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M.D. Anderson Grading System for

Ovarian Serous Carcinoma

• Low Grade:
– Mild to moderate nuclear atypia

– Mitotic index of up to 12 mitoses/10 HPF (as 

secondary feature)

• High Grade:
– Marked nuclear atypia

– Mitotic index of > 12 mitoses/10 HPF (as 

secondary feature)

Malpica et al

Am J Surg Pathol 2004
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Low-Grade Serous Carcinoma

• Binary grading system for serous carcinomas described and 
now incorporated into WHO classification

• Studies show that LGSC is on continuum with serous tumors 
of LMP

• Series of studies demonstrate relative chemoresistance in 
multiple clinical settings
– First-line Adjuvant

– Neoadjuvant

– Recurrent

Malpica et al. Am J Surg Pathol 2004
Gershenson et al. Obstet Gynecol 2006
Schmeler et al. Gynecol Oncol 2008
Gershenson et al. Gynecol Oncol 2009
Bodurka et al. Cancer 2012

Crispens et al. Obstet Gynecol 2002
Bonome et al. Cancer Res 2005
Shvartsman et al. Gynecol Oncol 2007
Schmeler et al. Gynecol Oncol 2011
Gershenson et al. J Clin Oncol 2015 52



Primary Treatment

• AGO metadatabase of 
5114 pts

– 145 pts with LGSC

– Of 39 LGSC pts with 
suboptimal debulking, 
RR = 23%

– Of 80 HGSC pts with 
suboptimal debulking, 
RR = 90% (p<0.001) 

Grabowski et al.
Gynecol Oncol 2016
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Low-Grade Serous Carcinoma

• Series of studies indicate that LGSC is strikingly similar to ER+ 
breast cancer
– At least 80% of LGSC are ER+

– Women < 35 yrs have significantly worse survival

– LGSC responds to anti-estrogen hormonal therapy (AI, tamoxifen, 
leuprolide, fulvestrant, etc.) in the recurrent setting

– Following primary surgery and platinum/taxane chemotherapy, 
hormonal maintenance therapy is associated with superior PFS and 
OS compared to observation 

Wong et al. Int J Gynecol Pathol 2007
Gershenson et al. Gynecol Oncol 2012
Gershenson et al. J Clin Oncol 2015
Gershenson et al. J Clin Oncol 2017 
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Bevacizumab in Low-Grade Serous 
Carcinoma of the Ovary

Study No. Patients Outcome

Grisham et al. 2014 17 CR = 0
PR = 40%
SD = 33%

Rose et al. 2016 12 CR = 0
PR = 8.3%

6-mo PFS = 90.9%

Dalton et al. 2017 40 (45 separate regimens) CR = 7.5%
PR = 40%
SD = 30%

55



MAPK Pathway plays prominent 

role in pathogenesis of LGSC
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Key Pathways & Potential Targets:
Low-Grade Serous Carcinoma

• MAP Kinase pathway (20-40% KRAS, 5% 
BRAF)
– KRAS 20-40%

– BRAF 5%

• Estrogen Receptor

• Angiogenesis pathway

• IGFR-1

• PI3K/AKT/mTOR pathway
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GOG 0239

• Phase II study of 
selumetinib (MEKi) in 
52 women with 
recurrent LGSC

• ORR = 15%

• Clinical benefit rate = 
80%

• No correlation of 
outcome with KRAS/ 
BRAF mutations
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2/10/2009 6/2/2009

1.8 cm 0.9 cm

Tumor with KRAS mutation 

responded to Selumetinib
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A low-grade ovarian serous cancer patient 
with BRAF V600E mutation responded to 

vemurafenib monotherapy

Hyman DM  et al. N Engl J Med 2015; 373:726-736

LGOSC
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Randomized Phase III Trial

NCT01849874

MILO Trial

Recurrent LGSC

Physician’s Choice:
Paclitaxel

Liposomal Doxorubicin
Topotecan

MEK162
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Randomized Phase III Trial

GOG-0281

Recurrent LGSC

Physician’s Choice:
Weekly Paclitaxel

Liposomal Doxorubicin
Topotecan
Letrozole
Tamoxifen

Trametinib

63



Randomized Phase II Trial

NCT01936363

Recurrent LGSC

Pimasertib
+

SAR245409

Pimasertib
+

Placebo
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Pilot Study of Neoadjuvant Fulvestrant + Palbociclib
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Phase II Study of Letrozole + CDK 4/6 Inhibitor
in Women with Recurrent LGSC

Recurrent Low-
Grade Serous 

Carcinoma

Letrozole + 
CDK 4/6 
inhibitor
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Phase I Study of Selumetinib + Olaparib
in Women with KRAS Mutant Tumors

KRAS Mutated

Solid Tumors

Selumetinib

+

Olaparib
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Study Design/Schema

Eligible 

Patients

Letrozole x 6 cycles

Paclitaxel + Carboplatin

x 6 cycles

Randomization #1

Observation until disease 

progression or severe toxicity

Letrozole until disease 

progression or severe toxicity

Letrozole until disease 

progression or severe toxicity

Randomization #2

Randomization #1 will be done in a 5:2 ratio (250 to CT, and 100 to L)
Stratified by residual disease (< 1 cm vs > 1 cm)

Randomization #2 will be done in a 1:1 ratio
Stratified by no persistent vs persistent disease

Primary endpoint: PFS
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