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Targeted Therapies in Gynecological Cancers 

• Broad topic- Brief overview 

• Hormonal therapies – prototype of a targeted therapy- 
long history, but potential still to be realized 

• Focus on angiogenesis inhibitors and PARP inhibitors 

•  Horizon scanning- molecular targets- new agents  

• Challenges with Trial Design  

•  Collateral Damage- adverse events and health economics 

 

 



      Hormonal therapies as  Targeted Therapy in Gynaecological Cancer 

• Hormonal therapy -  a molecular targeted treatment 
strategy 

• Inadequately investigated 

• Relatively cheap and out of patent 

•  Suitable for selected patient subsets- not economically 
attractive to “Pharma” 

• Potential yet to be recognised  

 
 
 

Ines Barone et al. Clin Cancer Res 2010;16:2702-2708 



Hormone Receptor Status in Epithelial Ovarian Cancer 



Implications/ Future Directions 

•  ER and PR positivity identifies a better prognostic 
subset in HGSOC and EC 

• The magnitude of benefit similar to survival advantage 
in BRCA population 

• ? Also predictive – response to hormonal therapies 
•  How can we identify the subset who are most likely to 

respond to hormonal therapies 
• Many potential options that could be explored 
• Not confined to OC and EC – Endometrial Stromal 

Sarcoma /Granulosa Cell 
 
 
 



Initial Phase 2 demonstrated association 
Between ER Histoscore and RR 

Confirmatory study – patients with 
 Histoscore> 150- multiple lines of treatment 
Higher RR (33%) if high histoscore 

Phase 2 studies of Letrazole in EOC 

AROMATASE INHIBITORS 



 Endometrial Cancer 

• Kelly and Baker in 1961 reported the 1st study with a 30% in 
patients treated with high-dose megestrol acetate and others 
reported RR of 50% with a number of progestagens 

• The response rates in later studies with more rigid criteria for 
response range from 11% to 25% 

• Phase II studies  of aromatase inhibitors in patients with advanced 
or recurrent endometrial carcinoma. Reported response rates- 9.0- 
10%, to letrozole ,anastrozole and exemestane – “clinical benefit 
rates” greater 

• Combination of letrazole and everolimus very active- 40% CBR at 
16 weeks –RR 32% durable  9 CR(Slomovitz et al JCO 2015 ) 
 

 

 

 
 
 

 High RR in ER + / PR + endometrioid 
CTNNB1 mutations high response to everolimus and letrozole in 
endometrioid  endometrial cancers 4/4 patients 
Slomovitz et al JCO  2015 VOL. 33 ; 8 930-936 

 



Epithelial Ovarian Cancer 
1. Asymptomatic rising CA125 
2. Platinum Resistant 
3. Low grade Serous 

Endometrial Cancer 
Recurrent/Metastatic 

Endometrial Stromal Sarcoma 
Recurrent /Metastatic 

Other Gyn Sarcomas 
LMS 
Adenosarcoma 

GCT 
recurrent 

 Screening for Trial Entry 
• Measurable disease 
• CA125 in EOC Group 1 
• Inhibin in GCT 
• ER and / PR positive 
• Consent for Tissue  

Anastrazole 1 mg daily 

                                                  Primary Aim: 
     Clinical benefit comprising either response or stable disease.  
(Overall response rate as determined by RECIST v1.1  and/or CA125 GCIG criteria) 

 PARAGON 

300/350 recruited 



      Targeting Angiogenesis in Gynecological Cancers 

•  VEGF inhibitors  Bevacizumab#,  Aflibercept 
• Tyrosine kinase inhibitors e.g pazopanib, nintedanib, cediranib 
• Angipoetin inhibitors- Trebaninib 
 
 

# bevacizumab is the only licensed anti-VEGF therapy in Gynecological Cancers- ovarian and cervical cancer Angiopoiesis Foundation 

Vascular endothelial growth factor [VEGF] pathway, which plays a key role in angiogenesis 



Anti-angiogenic therapy with bevacizumab In First-line treatment of Ovarian Cancer 

Two pivotal randomised trials- GOG218 and  ICON7 

HR (Bev throughout vs 

Control) 

0.77; 95% CI, 0.68 to 0.87 

Burger et al N Engl J Med (2011) 365:2473-83 
Oza et al Lancet Oncol 2015 

 Survival benefit in a subset of ICON 7 high 

risk group (residual disease >1 cm/ Stage 

IV) 

 Progression-Free survival benefit but 

no improvement in overall survival 

PBS  Approval Australia- High Risk Subset 
EMEA Approval – All patients – FDA no approval 

4 month PFS benefit 
With maintenance Bev 
14.1 VS 10.3 m 

(PFS 20.3 m vs 21.8m in whole population  

 PFS 18.1 months versus 14.5 months; p = 0.002-in High Risk 
Increased median OS (36.6 months versus 28.8 months; p = 0.002) 

GOG 218 
Stage 3/4 



OCEANS- Bevacizumab in Platinum Sensitive Recurrent OC 

EMEA Approval  not FDA 

Response Rate higher  with Bev 
No Difference in OS 
MEDIAN SURVIVAL ~3 years in both arms 
 90% further lines –median 5(1-14) 
 38% cross over to Bevacizumab 

Gynecol Oncol  October 2015 Aghajanian et al JCO 2011 

Final  OS data 

4 Months 

~33 months 



AURELIA: bevacizumab in ‘platinum-resistant’ ovarian cancer  

 EU and FDA Approvals 2014  
Pujade-Lauraine et al J Clin Oncol 2014 



Anti-angiogenic agents in recurrent  ovarian cancer 

Platinum Sensitive 
 

Platinum-resistant       
 (< 6 month PFI)  
and Partially 
Platinum-sensitive 
equally divided 

Platinum-Resistant 

OCEANS 
 (n= 484) 

GOG213 (n=674) ICON6 
N= 456) 

TRINOVA-1* AURELIA*  
(n= 361) 

MITO11*  
(n=74) 

Carboplatin/ 
gemcitabine ± 
bevacizumab 

Carboplatin/ 
paclitaxel ± 
bevacizumab 

Platinum-based ± 
cediranib 

Weekly paclitaxel ± 
trebananib 

weekly 
paclitaxel, PLD, 
topotecan  ± 
bevacizumab 

Weekly paclitaxel 
± pazopanib 

PFS 
(med. 
months) 

8.4 v 12.4 10.4 v 13.8 8.7 v 11.1 7.2 v 5.4 3.4 v 6.7 3.5 v 6.4 

HR 0.484  
(p<0.0001) 

0.61  
( p<0.0001) 

0.57  
(p=0.00001) 

0.66 
(p < 0.0001) 

0.48  
(p<0.001) 

0.42  
(p=0.0002) 

Pazopanib and Cediranib: Oral VEGF receptor tyrosine kinase inhibitors 
Trebananib ( AMG386): Peptibody inhibiting angiopoeitin 2 * Non maintenance therapy 

(OCEANS) Aghajanian et al JCO 2011; (GOG 213) Coleman et al SGO 2015; (ICON6) Ledermann et al ECC ( 2013);  
 (TRINOVA-1) Monk et al Lancet Oncol  2014; (AURELIA) Pujade-Lauraine et al JCO 2014; 
(MITO11) Pignata et al Lancet Oncol 2015 

Which agents to select and when in the disease trajectory ? 

Courtesy of J Ledermann 

Similar HR  in 
PSROC and PRROC 
Striking consistency 



Identifying Subgroups most likely to benefit 

•  “Volume of disease” associated with benefit of bevacizumab  in most tumour types eg 
breast /colon/lung- no benefit with adjuvant bevacizumab ( similar with TKI’s) 

• ICON 7  Stage 4 and  Sub-optimal Stage 3 

• No data relating PFS with Tumour Volume in Recurrent Gynecological Cancers 

• Are there clinical predictors of response/benefit eg ascites/effusions 

• Levels of VEGF and other circulating markers not predictive of response to anti-
angiogenic therapy 

•  Gene expression (DIS) Arrays 
• Immune subgroup on molecular profiling have worse outcome with bevacizumab 

in first-line therapy1 

•  Benefit related to molecular subtype: ‘mesenchymal and proliferative 2 

• Discriminatory signature including mesothelin, FLT4, AGP and CA-125 3 

 

FIRST LINE STUDY  

1 Gourley et al ASCO 2014; 2  Winteroff et al ASCO 3 Collinson Clin Cancer Res 2013 



Chemotherapy +/- Bevacizumab in Cervical Cancer 

GOG 240           (metastatic /persistent /recurrent ) 

Randomized to chemotherapy +/- Bevacizumab until PROGRESSION    Number of cycles CT+ Bev 7 (range 0-36) 
25% of CT + Bev stopped for Adverse Events vs 16 % in Chemo arm-  NOTE NO MAINTENANCE BEVACIZUMAB 

HR 0.7 ( CI .54-.95) HR 0.67 (0.54-0.82) 

FDA Approval August 2014 



Bevacizumab in Recurrent /Metastatic Endometrial Cancer 

Lorusso et al ASCO 2015 

HR 0.59(0.35-0.98) 
PFS 13 vs 8.7 months 
RR 71 vs 54% 



 
 Targeting Angiogenesis in Gynaecological Cancers 

                   Many outstanding questions  

 
• Who to treat and when to treat- 1ST line / 2ND line PSROC /PRROC 

• How long to continue treatment in 1st line setting 

• Optimal dose/ schedule 

• Which angiogenesis inhibitor ? 

• No validated biomarkers to identify who will benefit/ be harmed 

• Mechanisms of resistance 

• Is there a benefit in combining with other agents- e.g PARPi  

• Identifying patients at risk of adverse events  

• TKI’s in Asian population- differential toxicities   

 



PARP INHIBITORS  
Poly(ADP-ribose) polymerase and DNA REPAIR 

Synthetic lethality- increased sensitivity to 
PARPi in BRCA deficient and HRD cancers 
 

Well validated biomarker to identify patients for treatment 

BRCA-deficient  cells up to 1000-fold 
more sensitive to PARP inhibition 

Agarwal et al Discov. Med  2014 ;18;331 Farmer et al. Nature 2005; 434:917–21 



Audeh et al. Lancet 2010 

 RECIST 
Response 
33% vs 13% 

PARP INHIBITORS  
 



•  Median number of prior regimens 4.3(1-14) 
 
• All platinum resistant / not considered suitable 
      for further platinum 

On December 19, 2014, the U. S. Food and Drug 
Administration approved olaparib capsules as monotherapy 
for the treatment of patients with deleterious or suspected 
deleterious germline BRCA mutated (gBRCAm) who have been 
treated with three or more prior lines of chemotherapy 

31% Response Rates 



RANDOMISED TRIAL OF MAINTENANCE OLAPARIB IN PLATINUM-SENSITIVE 

HIGH-GRADE SEROUS  RELAPSED OVARIAN CANCER – ‘STUDY 19’ 

NC, not calculable. 

Whole population with HGSOC 

Ledermann J et al. N Engl J Med 2012 

Subpopulation with a BRCA mutation 

Ledermann J et al. Lancet Oncol 2014 Olaparib approved in the EU as treatment for advanced 

BCRA-mutated ovarian cancer December 2014 



Approximately 50% of high-grade serous EOCs have 

alterations in HR repair genes.  

Panagiotis A. Konstantinopoulos et al. Cancer Discov 2015;5:1137-1154 

BRCA germline  15% 
BRCA somatic     6% 



ARIEL2 patient characteristics 

Presented By Iain McNeish at 2015 ASCO Annual Meeting 

With permission 

HRD causes genome-wide loss of heterozygosity (LOH) that can be measured by 
comprehensive genomic profiling using NGS 

Hypothesis -patients with high genomic LOH  will respond to Rucaparib 

Modified from original  

ORR  81% in GERMLINE BRCA AND 88% IN SOMATIC HIGH LOH  



 PARP inhibitors in clinical development# 
 

PARP Inhibitor Company Licensed /Trial in progress 

Olaparib (AZD2281) AstraZeneca 

Licensed in EU for maintenance BRCAm; 
 ≥ 3rd  line treatment (FDA) in BRCAm. Phase III trials with tablet formulation 
- 1st line and recurrence (SOLO-1; SOLO-2) 
 

Rucaparib  
(AG-014699; CO-338) 

Clovis Oncology 

Ongoing phase II studies and III studies in BRCAm, BRCAwt (ARIEL2; ARIEL3). 
Breakthrough designation FDA 
 

Veliparib  
(ABT-888) 

Abbvie 
1st line phase III  with chemotherapy - commenced 
 

Niraparib (MK4827) Tesaro 
Ongoing phase III ( NOVA) maintenance in BRCAm and BRCAwt; plans for 1st 
line 

Talazoparib  
(BMN-673) 

BioMarin  
(Medivation) 

Ovarian cancer strategy – not clear 

22/12/2015 

# not including trials of a PARP inhibitor in combination with an anti-angiogenic agent  e.g PAOLA /ICON 9 etc 

Courtesy J Ledermann 



Genomic Characteristics and Possible Targets 

CANCER HISTOLOGIC SUB-TYPE MUTATIONS COPY NO. 
ALTERATIONS 

OVARIAN HGSOC TP53 ,BRCA,CDK12 CCNE(1A),MYC(A),PIK
3CA(A) KRAS (A), 
PTEN(D),RB1(D) 

LOW GRADE KRAS, BRAF 9P(L) CDKN2A(D) 

CLEAR CELL PIK3CA,ARID1A,PTEN MET(A) ERB2(A) 

MUCINOUS KRAS ERBB2(A) 

SMALL CELL SMARCA4 

SEX CORD FOXL2 (GRANULOSA) 
DICER( sertoli-leydig) 

Modified from Lui et al 
Gyn Onc 2015 accepted –in press 

A= amplification 
D=deletion 



Genomic Characteristics and Possible Targets 

SITE  HISTOLOGICAL 
SUBTYPE 

MUTATIONS COPY NUMBER 
ALTERATIONS 

ENDOMETRIAL HGS TP53,PIK3CA, CCNE1(A) ERBB2(A) 

Endometrioid PTEN,PIK3CA,KRAS,
FGFR2,POLE,MMR 

Clear Cell PIK3CA,ARID1A ERBB2(A) MET 

CERVICAL Adenocarcinoma PIK3CA,KRAS,ELF3 

Squamous PIK3CA,MAPK1, 
TP53 

MYC(A),ERBB2(A) 
BIRCC3(A),LRP1B)D) 

Modified from Lui et al 
Gyn Onc 2015 accepted –in press 



7 mile bridge run-Bluewater.com 

Skyscan photoshelter.com 

Targeting critical pathways- simply said but not simply done 



Challenges with signal seeking trials 

• Few examples of “driver mutations”/ critical pathways 

• TP53 mutations most common – early phase trials  

• Multiple somatic mutations in gyn. Tumours 

• Potential targets in relatively small subsets e.g 
BRAF,KRAS,PIK3CA, PTEN etc 

• Umbrella trials- histology dependent-many 
biomarkers –many agents 

• Basket- histology agnostic- many biomarkers –many 
agents e.g NCI MATCH 

 



NCI MATCH- mutation frequency Gyn . Cancers 

DRUG MOLECULAR 
TARGET 

OVARIAN ENDOMETRIAL CERVICAL 

AZD9291 EGFR m 2.2% 3.2% 3.8% 

DABRAFENIB BRAF V600 0.6% 0 2.6% 

TRASTUZUMAB 
EMTANSINE 

HER 2 amp Endometrioid  2.1% 
HGSOC  3% 
CLEAR CELL 4% 
MUCINOUS 25% 

UPSC 25% 2.3% 

DEFACTINIB NF2 loss 0.3% 2.4% 5.1% 

SUNITINIB C KIT m 2.2% 6.9% 0% 

AFATINIB EGFR m 2.2% 3.2% 3.8% 

TRAMETINIB BRAF non 
V600 

? ? ? 

                   Mutation frequencies  

 
Modified from Moore and Manel 
Gyn Onc 2015  accepted –in press 



 C Robert et al Lancet Oncol. 2005 Jul;6(7):491-500 

 N Heidary et alJ Am Acad Dermatol. 2008 Apr;58(4):545-70 

Google Images.  

   Toxicities with targeted therapies – a partial list ! 

 

   NO FREE LUNCH! 

Perforation 

diarrhoea 

Fatigue 

http://www.sciencedirect.com/science?_ob=MiamiCaptionURL&_method=retrieve&_udi=B6WM8-4S25G41-5&_image=fig2&_ba=2&_user=37161&_rdoc=1&_fmt=full&_orig=search&_cdi=6928&view=c&_acct=C000004218&_version=1&_urlVersion=0&_userid=37161&md5=aaa970686cc49ad68435ad1e7acdd3d3
http://www.sciencedirect.com/science?_ob=MiamiCaptionURL&_method=retrieve&_udi=B6WM8-4S25G41-5&_image=fig3&_ba=3&_user=37161&_rdoc=1&_fmt=full&_orig=search&_cdi=6928&view=c&_acct=C000004218&_version=1&_urlVersion=0&_userid=37161&md5=52f9df3d214e9325b6df49087f486c9c
http://www.sciencedirect.com/science?_ob=MiamiCaptionURL&_method=retrieve&_udi=B6WM8-4S25G41-5&_image=fig4&_ba=4&_user=37161&_rdoc=1&_fmt=full&_orig=search&_cdi=6928&view=c&_acct=C000004218&_version=1&_urlVersion=0&_userid=37161&md5=c1fa957a218ccc74327ad524951a17fe
http://www.sciencedirect.com/science?_ob=MiamiCaptionURL&_method=retrieve&_udi=B6WM8-4S25G41-5&_image=fig5&_ba=5&_user=37161&_rdoc=1&_fmt=full&_orig=search&_cdi=6928&view=c&_acct=C000004218&_version=1&_urlVersion=0&_userid=37161&md5=ef04e9d0df502362d2b374fa20a32000
http://www.sciencedirect.com/science?_ob=MiamiCaptionURL&_method=retrieve&_udi=B6W85-4GHB9RY-R&_image=fig2&_ba=2&_user=37161&_rdoc=1&_fmt=full&_orig=search&_cdi=6645&view=c&_acct=C000004218&_version=1&_urlVersion=0&_userid=37161&md5=e550abb270d4ae52631c6884b5b864c7
http://www.sciencedirect.com/science?_ob=MiamiCaptionURL&_method=retrieve&_udi=B6W85-4GHB9RY-R&_image=fig3&_ba=3&_user=37161&_rdoc=1&_fmt=full&_orig=search&_cdi=6645&view=c&_acct=C000004218&_version=1&_urlVersion=0&_userid=37161&md5=8decd4ab0ff93e104252ca98c98eba63
http://www.sciencedirect.com/science?_ob=MiamiCaptionURL&_method=retrieve&_udi=B6W85-4GHB9RY-R&_image=fig4&_ba=4&_user=37161&_rdoc=1&_fmt=full&_orig=search&_cdi=6645&view=c&_acct=C000004218&_version=1&_urlVersion=0&_userid=37161&md5=6a0060a8281ea965d78fb28edbcc5955
http://www.sciencedirect.com/science?_ob=MiamiCaptionURL&_method=retrieve&_udi=B6W85-4GHB9RY-R&_image=fig5&_ba=5&_user=37161&_rdoc=1&_fmt=full&_orig=search&_cdi=6645&view=c&_acct=C000004218&_version=1&_urlVersion=0&_userid=37161&md5=182821fee84c4d34c8ce7cadf6fb8f0c
http://www.sciencedirect.com/science?_ob=MiamiCaptionURL&_method=retrieve&_udi=B6W85-4GHB9RY-R&_image=fig6&_ba=6&_user=37161&_rdoc=1&_fmt=full&_orig=search&_cdi=6645&view=c&_acct=C000004218&_version=1&_urlVersion=0&_userid=37161&md5=cc39148c2ed23e91107acaaa5732d57a
http://www.sciencedirect.com/science?_ob=MiamiCaptionURL&_method=retrieve&_udi=B6W85-4GHB9RY-R&_image=fig8&_ba=8&_user=37161&_rdoc=1&_fmt=full&_orig=search&_cdi=6645&view=c&_acct=C000004218&_version=1&_urlVersion=0&_userid=37161&md5=c04781d0326e2f81c6841e89a4713569
http://images.google.com.au/imgres?imgurl=http://blogs.allocine.fr/blogsdatas/mdata/8/8/3/Z20070120114310023664388/img/hypertension.jpg&imgrefurl=http://www.katzforums.com/showthread.php?t=46957&h=800&w=600&sz=158&hl=en&start=24&tbnid=tuX-EnjZFaskhM:&tbnh=143&tbnw=107&prev=/images?q=hypertension&start=20&gbv=2&ndsp=20&hl=en&sa=N
http://images.google.com.au/imgres?imgurl=http://img.tfd.com/wn/B0/6D129-nosebleed.gif&imgrefurl=http://www.thefreedictionary.com/nosebleed&h=90&w=135&sz=3&hl=en&start=19&tbnid=jMX4zH0VUJdYiM:&tbnh=61&tbnw=92&prev=/images?q=epistaxis&gbv=2&hl=en&sa=G
http://images.google.com.au/imgres?imgurl=http://rockycha.files.wordpress.com/2007/09/fatigue.jpg&imgrefurl=http://rockycha.wordpress.com/2007/09/&h=392&w=281&sz=23&hl=en&start=2&tbnid=B6ZIuOwU2cF7yM:&tbnh=123&tbnw=88&prev=/images?q=fatigue&gbv=2&hl=en&sa=G
http://images.google.com.au/imgres?imgurl=http://www.aafp.org/afp/980800ap/lett_f2.jpg&imgrefurl=http://www.aafp.org/afp/980800ap/letters.html&h=195&w=277&sz=16&hl=en&start=4&tbnid=rWXOMfiDxuVcMM:&tbnh=80&tbnw=114&prev=/images?q=bowel+perforation&gbv=2&hl=en&sa=G
http://images.google.com.au/imgres?imgurl=http://www.treehugger.com/toilet-llqq-001.jpg&imgrefurl=http://www.treehugger.com/files/2007/10/farewell_to_flu.php&h=310&w=310&sz=21&hl=en&start=1&tbnid=VxIvwMG29lFONM:&tbnh=117&tbnw=117&prev=/images?q=toilet&gbv=2&hl=en&sa=G
http://www.google.com.au/url?url=http://medicine.stonybrookmedicine.edu/pathology/neuropathology/chapter2&rct=j&frm=1&q=&esrc=s&sa=U&ei=m8ogVMTMKZHX8gXb-oDwDg&ved=0CDYQ9QEwEDg8&usg=AFQjCNFgNVa2MUCTh4X5KPVIStlXDoFqFw
https://www.genedx.com/wp-content/uploads/2010/12/LQT.jpg
http://www.google.com.au/url?url=http://www.clevelandclinicmeded.com/medicalpubs/diseasemanagement/cardiology/heart-failure/&rct=j&frm=1&q=&esrc=s&sa=U&ei=iMsgVPujD9W48gWHg4KYBw&ved=0CB4Q9QEwBA&usg=AFQjCNFp6nF4Zkt8MLju315kUT7YG0jpVw
http://www.google.com.au/url?url=http://dxline.info/diseases/chemical-pneumonitis&rct=j&frm=1&q=&esrc=s&sa=U&ei=acwgVOjJBZXq8AWGhIKoBg&ved=0CB4Q9QEwBA&usg=AFQjCNFVL_CujVUyMnlfiXzm182beSjV3g


Counting the Costs of Targeted Therapies 

• Addition of bevacizumab to  paclitaxel and carboplatin in GOG 218 resulted in an incremental 
cost-effectiveness ratio( ICER) of $479,712 per progression-free life-year saved 

• In ICON 7 HIGH RISK subgroup - estimated 8-month improvement in OS results in an ICER of  
$167,771 per life-year saved 

•  3.7 month OS advantage with Chemo+Bev in GOG 240 - ICER of $155,000 per quality-
adjusted life year (QALY).  

Med Care. 2008 Apr;46(4):349-56 J Clin Oncol 2011;29:1247–1251. Oncologist. 2014 May; 19(5): 523–527 

Gynecol Oncol 2015 Jan;136(1):43-7. 



Conclusions 

• “Embarrassment of Riches” – many new agents in trial 
and in development 

• Brings both challenges and opportunities 

• Clinical trial design – endpoints – recruitment- approvals 

• International collaboration essential 

• Translational research critically important- biomarkers 
and companion diagnostics 

• Patient reported outcomes also increasingly important 

• Learning how manage new toxicities 

• Cost Effectiveness and Affordability- cannot be ignored 


