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Slow and steady progress in managing 
gynecologic cancer

S
low but steady progress has been made in the 
management of the major types of gyneco-
logic malignancy, with particularly signifi cant 

advancements in the treatment of the biggest killer, 
ovarian cancer. Here we describe how that progress 
has shaped the current treatment landscape and is 
forging a path forward.

A therapeutic challenge
More than 90,000 new cases of gynecologic malig-
nancy are diagnosed in the United States each year, 
and about a third of patients will ultimately suc-
cumb to their disease.1 Five major tumor types make 
up this large and varied group of cancers: cervical, 
ovarian, endometrial, vaginal, and vulvar, each with 
unique biology, etiology, and pathology.2

Most cervical cancers are squamous cell carcino-
mas and are caused by infection with human pap-
illomaviruses (HPVs), a group of more than 200 
related viruses. Development of eff ective screening 
methods and prophylactic vaccination have driven 
a substantial reduction in the incidence of cervical 
cancer in developed countries, though it remains a 
major cause of mortality in developing 
countries.

Endometrial cancer is the most com-
monly diagnosed gynecologic malig-
nancy, while ovarian cancer is the most 
lethal (Figure 1). Most ovarian can-
cers are epithelial in origin and tend 
to be grouped with fallopian tube and 
primary peritoneal cancers for treat-
ment purposes, and cancers arising in 
the uterus are mostly adenocarcinomas. 
Improvements in incidence and mortal-
ity for these two cancer types have been 
more modest than for cervical cancer. 

Vaginal and vulvar cancers are signifi -
cantly rarer, accounting for around 8% 
of gynecologic cancers. Th ey are pre-
dominantly squamous cell carcinomas 
and, like cervical cancer, HPV is a major 
risk factor. Th e incidence and mortal-

ity rates of these cancers have remained stubbornly 
stagnant in the past few decades.3-7

Until recently, the treatment of gynecologic can-
cers mainly involved a combination of surgery, che-
motherapy, and radiation therapy. In general, these 
tumor types can be readily cured if they are diag-
nosed early, but once they reach more advanced 
stages, treatment options are limited and there is 
a substantial therapeutic niche. Th is is particularly 
true for ovarian cancer, in which a lack of symptoms 
early on in the disease course and a paucity of eff ec-
tive treatment options for more advanced stages has 
earned it the moniker of “silent killer.”

Researchers have attempted to fi ll the therapeutic 
void with numerous diff erent types of targeted ther-
apies and immunotherapies, following the success of 
these types of drugs in other tumor types. Despite 
slow progress and a number of clinical disappoint-
ments, signifi cant advances have been made in sev-
eral of the major types of gynecologic cancer.

Cutting off the blood supply
Angiogenesis, the formation of new blood vessels 
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Endometrial	  

60,050	  new	  

cases	  10,470	  	  

deaths	  
Cervical	  

12,990	  new	  cases	  

4,120	  deaths	  

Ovarian	  

22,280	  new	  cases	  

14,240	  deaths	  

Vaginal	  

4,620	  new	  cases 
950	  deaths 

4,620	  new	  cases

Vulvar 

5,950	  new	  cases 
1,110	  deaths 

FIGURE 1 The incidence of the fi ve main types of gynecologic cancer in 
the United States. The number of new cases and deaths are 2016 esti-
mates from the American Cancer Society (www.cancer.org).
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from the pre-existing vasculature, plays a well-established 
role in tumor progression and is one of the “hallmarks” of 
cancer – an essential biological capability required for the 
transformation of a normal cell into a cancerous one.8

Under normal circumstances, there 
is a delicate balance between pro- and 
anti-angiogenic signals, which ensure 
angiogenesis is switched on only when 
required for normal physiological pro-
cesses. In tumors, genetic alterations in 
the key angiogenic signaling pathways 
and the low-oxygen environment con-
tribute to an angiogenic switch that 
pushes the balance towards pro-angio-
genic signaling and allows the tumor 
to establish its own network of blood 
vessels to improve delivery of the oxy-
gen and nutrients it needs to grow and 
to allow it to spread beyond its primary 
location.9

Drugs have been developed that tar-
get components of angiogenic signal-
ing pathways, predominantly vascular 
endothelial growth factor (VEGF) and 
its receptor (VEGFR; Figure 2). These 
have proved to be effective in a number 
of different tumor types. In 2014, the 
VEGF-targeting monoclonal antibody, 
bevacizumab, became the first new ther-
apy approved by the US Food and Drug 
Administration (FDA) for the treatment 
of ovarian cancer in almost a decade and 
the first in cervical cancer for more than 
15 years.

Bevacizumab’s approval for cervi-
cal cancer was based on the demonstra-
tion of improved overall survival (OS) in 
the phase 3 GOG 240 trial, in which a 
combination of bevacizumab and chemo-
therapy extended OS from 12.9 to 16.8 
months, compared with chemotherapy 
alone. In ovarian cancer, although no OS 
advantage was observed, the addition of 
bevacizumab to non-platinum chemo-
therapy in platinum-resistant patients 
significantly improved progression-free 
survival (PFS) in the phase 3 AURELIA 
trial.10,11

Numerous clinical trials of bevacizumab 
are ongoing, particularly in the setting of 
ovarian cancer, in which researchers are 
attempting to determine the optimal use 
of this drug, including duration, timing, 
and combination with other anti-cancer 

agents. Bevacizumab is also being tested in the setting of 
endometrial cancer in several different phase 1 and 2 clini-
cal trials (Table, p. 370).

Anti-angiogenic therapies have expanded beyond beva-

	  

FIGURE 2 Several angiogenesis pathways have been shown to be important for the development 
of gynecologic cancers. Therapies targeting the central regulators of angiogenesis, the vascu-
lar endothelial growth factor (VEGF) and its receptor (VEGFR), as well as the platelet-derived 
growth factor receptor (PDGFR) pathway have been tested, with varying degrees of success. Re-
produced with permission: Gavalas NG, Liontos M, Trachana S-P, et al. Angiogenesis-Related 
Pathways in the Pathogenesis of Ovarian Cancer. Int J Mol Sci. 2013;14:15885-15909.

FIGURE 3 Poly(ADP-ribose) polymerase (PARP) inhibitors block the function of the PARP en-
zymes, which play a key role in the base excision repair pathway that repairs single-strand 
breaks (SSBs), a common form of DNA damage. In the presence of PARP inhibitors SSBs go 
unrepaired, leading to the formation of double-stranded breaks. DSBs can still be repaired by 
the homologous recombination (HR) pathway, in which the breast cancer susceptibility (BRCA) 
genes are involved, but in cancer cells that have defective BRCA genes or other faults in HR 
pathways, neither the SSB nor the resultant DSB can be repaired, which is a fatal combination 
for the cell. Reproduced with permission: Gibson SJ, Tewari KS, Monk BJ, Chase DM. Updates 
on drug discovery in ovarian cancer. Gynecol Oncol Res Pract. 2014;1:3.
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cizumab and the targeting of VEGF. The platelet-derived 
growth factor receptor (PDGFR) has also emerged as a key 
player in angiogenesis and several multitargeted tyrosine 
kinase inhibitors have been developed that block the activ-
ity of VEGFR and PDGFR and often several other impor-
tant oncogenic receptors (Figure 2). Among them, cedira-
nib, which targets all three VEGFRs, as well as PDGFR 
and c-KIT, has shown the most promise.

The results of the phase 3 ICON6 trial of cediranib 
in combination with chemotherapy in platinum-sensi-
tive ovarian cancer were recently reported. A total of 486 
women were randomly assigned to receive placebo and 
chemotherapy, followed by placebo-only maintenance (arm 
A), cediranib and chemotherapy, followed by chemother-
apy-only maintenance (arm B), or cediranib and chemo-
therapy, followed by cediranib maintenance (arm C). Over 
a median follow-up of 19.5 months, the median PFS for 
the three groups was 8.7, 9.9, and 11 months, respectively. 
There was a trend toward improved OS, and though the 
data are not yet mature it offers the tantalizing possibility 
of the first anti-angiogenic drug to improve OS in ovarian 
cancer.12

Cediranib continues to be evaluated in other phase 3 
trials and has also received significant attention in com-
bination with the poly(ADP-ribose) polymerase (PARP) 
inhibitor olaparib. In a phase 2 trial in women with recur-
rent platinum-sensitive ovarian cancer and mutations 
in the breast cancer susceptibility genes (BRCA1 and 
BRCA2), this combination almost doubled PFS compared 
with olaparib alone (9 vs 17.7 months).13 Phase 3 trials of 
this combination are underway in platinum-sensitive and 
-resistant patients (NCT02446600, NCT02502266).

The prospects for cediranib in cervical cancer are less 
clear. In a recently conducted phase 2 trial in combina-
tion with carboplatin-paclitaxel chemotherapy, PFS was 
improved in the cediranib arm, but no difference in OS 
was detected as yet.14

As an alternative to anti-angiogenic therapies, a newer 
class of drugs known as vascular disrupting agents, has 
been developed. Instead of preventing the formation of 
new blood vessels through angiogenesis, these drugs are 
designed to disrupt the existing tumor vasculature, causing 
it to collapse. An example is fosbretabulin, which is being 
studied in platinum-resistant ovarian cancer. A recently 
reported phase 2 trial demonstrated that fosbretabulin 
reduced the risk of disease progression by more than 30% 
in combination with bevacizumab, though there was an 
increase in grade 2 and higher hypertension.15

Exploiting DNA damage
Another exciting development for the treatment of gyne-
cologic cancers is PARP inhibitors (Figure 3). These drugs 
target a family of enzymes that play an important role in 
repairing DNA damage that occurs following environmen-

tal assaults or errors introduced during cellular replication. 
Cells have a number of different means of repairing DNA 
damage, which include base excision repair (BER), nucle-
otide excision repair (NER), homologous recombination 
(HR), and non-homologous end-joining (NHEJ). PARPs 
are critical to the BER pathway, binding to single-stranded 
breaks (SSBs) in the DNA and recruiting repair proteins 
to fix them. 

PARP inhibitors block PARP activity, preventing SSB 
repair. These SSBs can be repaired by alternative meth-
ods, unless there are additional failures in the DNA repair 
pathways, such as mutations in the BRCA1/2 genes, as the 
proteins they encode are integral to the HR repair path-
way. In this case, the SSBs induced by PARP inhibition go 
unrepaired and develop into lethal double-stranded breaks 
(DSBs). 

PARP inhibition exploits the concept of synthetic lethal-
ity – the idea that two individual cellular defects, which 
the cell can cope with when they are present in isolation, 
when combined cause cell death. There are several routes to 
synthetic lethality with PARP inhibitors; they can be used 
as monotherapy in patients with mutations in DNA repair 
pathways, such as the aforementioned BRCA1/2 muta-
tions, or they can be used in combination with other drugs 
that cause DNA damage.16-18

BRCA mutations are observed in 10%-15% of patients 
with ovarian cancer and therefore PARP inhibitors have 
also been the focus of clinical trials in this cancer type.19 In 
December 2014, olaparib was granted accelerated approval 
for the treatment of advanced BRCA mutation-positive 
ovarian cancer on the basis of response rates of more than 
30% in a single-arm, phase 2 trial in 317 patients who 
received 400 mg twice-daily oral olaparib.20

The idea of olaparib as maintenance therapy in patients 
who respond to their primary therapy, has also been 
explored. The FDA has so far declined to approve olaparib 
for this indication, despite demonstration of a robust PFS 
benefit, because of the lack of improvement in OS. The 
results of a third interim analysis of a phase 2 trial of olapa-
rib maintenance therapy were reported at the 2016 meet-
ing of the American Society of Clinical Oncology (ASCO) 
in June. Though it was just shy of achieving statistical sig-
nificance, olaparib did confer an OS advantage, with a 27% 
reduction in the risk of death in the overall population and 
a 38% reduction in patients with BRCA mutations. Fifteen 
percent of patients received olaparib for more than 5 years, 
suggesting that long-term olaparib maintenance therapy is 
a possibility.21

Several additional PARP inhibitors are following in 
olaparib’s footsteps. The phase 2 ARIEL-2 and phase 3 
ARIEL-3 trials for rucaparib are ongoing. Very positive 
results from ARIEL-2 were reported at ASCO in 2015; 
the ORR for rucaparib monotherapy in patients with 
BRCA-mutated relapsed ovarian cancer was 82% and in a 
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BRCA-like group defined by biomarkers associated with 
HR deficiencies it was 45%.22

Niraparib is being evaluated in phase 3 trials as mainte-
nance therapy in patients with HR-deficient advanced ovar-
ian cancer. At the 2016 ASCO meeting, the results of part 1 
of a two-part phase 1 study of niraparib in combination with 
bevacizumab in patients with recurrent platinum-sensitive 
ovarian cancer were presented. Among 12 patients, 1 had 
complete response, 4 partial response and 6 stable disease, for 
a disease control rate (DCR) of more than 90%.23

Talazoparib and veliparib both are undergoing phase 3 
clinical testing in ovarian cancer. On the one hand, veli-
parib in combination with oral cyclophosphamide did not 
show improvement in ORR or PFS in a recently pub-
lished phase 2 trial.24 Talazoparib, on the other hand, 
showed promise in phase 1 data presented at the 2016 
annual meeting of the American Association of Cancer 
Research (AACR), with an ORR of 57% in 40 patients 
who received a combination of talazoparib and low-dose 
chemotherapy.25

TABLE A selection of therapies being evaluated in gynecologic malignancies

Agent Manufacturer Mechanism of action Study phase, indication clinicaltrials.gov identifier

Anti-angiogenic drugs

  Bevacizumab (Avastin) Genentech VEGF-targeting mAb Phase 3, ovarian cancer

Phase 2, cervical cancer
Phase 2, endometrial cancer

NCT01802749, NCT00565851, 
NCT02477644
NCT02467907
NCT01770171

  Cediranib AstraZeneca VEGFR inhibitor Phase 3, ovarian cancer NCT02502266, NCT02446600

  Pazopanib (Votrient) Novartis Multikinase inhibitor tar-
geting VEGFRs, PDGFR, 
FGFR, c-KIT and c-Fms

Phase 2, cervical cancer NCT02348398

  Regorafenib (Stivarga) Bayer Dual kinase inhibitor tar-
geting VEGFR2 and TIE2

Phase 2, ovarian cancer NCT02584465

  Fosbretabulin Mateon Vascular-disrupting agent Phase 3, ovarian cancer NCT02641639

PARP inhibitors

  Olaparib (Lynparza) AstraZeneca PARP inhibitor Phase 3, ovarian cancer
Phase 2, endometrial cancer

NCT02282020, NCT01844986, 
NCT02755844,NCT02755844

  Veliparib AbbVie PARP inhibitor Phase 3, ovarian cancer NCT02479585

  Rucaparib Clovis PARP inhibitor Phase 3, ovarian cancer NCT01968213

  Niraparib Tesaro PARP inhibitor Phase 3, ovarian cancer NCT02655016

  Talazoparib Medivation PARP inhibitor Phase 2, ovarian cancer NCT02326844a

Kinase inhibitors

  Copanlisib Bayer PI3K inhibitor Phase 2, endometrial cancer NCT02728258

  BKM120 Novartis PI3K inhibitor Phase 1, endometrial and ovar-
ian cancer

NCT02439489 a

  ARQ092 ArQule AKT inhibitor Phase 1, endometrial,  
ovarian, and cervical cancer

NCT02476955

  AZD5363 AstraZeneca AKT inhibitor Phase 1, endometrial, ovarian, 
and cervical cancer

NCT01226316

  MK2206 Merck AKT inhibitor Phase 2, endometrial cancer NCT01307631

  AZD2014 AstraZeneca mTOR inhibitor Phase 1/2, endometrial cancer
Phase ½, ovarian cancer

NCT02208375

NCT02730923

  Everolimus (Afinitor) Novartis mTOR inhibitor Phase 2, ovarian and
endometrial cancer

NCT02188550

  INCB054828 Incyte FGFR inhibitor Phase 2, ovarian and
endometrial cancer

NCT02393248

  Trastuzumab 
    (Herceptin)

Genentech HER2-targeting mAb Phase 2, endometrial cancer NCT01367002

Continued/
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TABLE /continued

Agent Manufacturer Mechanism of action Study phase, indication clinicaltrials.gov identifier

Immunotherapy

  Avelumab Merck Immune checkpoint 
inhibitor

Phase 3, ovarian cancer NCT02580058, NCT02718417

   Atezolizumab
   (Tecentriq)

Genentech Immune checkpoint 
inhibitor

Phase 2, ovarian cancer NCT02659384

  Durvalumab AstraZeneca Immune checkpoint 
inhibitor

Phase 1, cervical cancer NCT01975831

  Pembrolizumab
    (Keytruda)

Merck Immune checkpoint 
inhibitor

Phase 2, ovarian cancer
Phase 2, cervical cancer 

NCT02580058, NCT02718417
NCT02766582, NCT02674061
NCT02636360

  Ipilimumab (Yervoy) Bristol-Myers
  Squibb

Immune checkpoint 
inhibitor

Phase 1, cervical cancer NCT01711515

  ADXS11-011 Advaxis Vaccine Phase 1/2, cervical cancer NCT02291055

  ISA101 Isa Vaccine Phase 1/2, cervical cancer NCT02128126

  INO3112 Inovio Vaccine Phase 1/2, cervical cancer NCT02172911

  Motolimod VentiRx TLR8 agonist Phase 1/2, ovarian cancer NCT02431559

FGFR, fibroblast growth factor receptor; mAB, monoclonal antibody; mTOR, mammalian target of rapamycin; PI3K, phosphatidylinositol-3-kinase; PARP, poly(ADP-ribose) poly-
merase; PDGFR, platelet-derived growth factor receptor; TLR8, toll-like receptor 8; VEGF, vascular endothelial growth factor; VEGFR, VEGF receptor; 

aOngoing, but not actively recruiting participants

New Therapies

Aiming at other targets
The PI3K-AKT-mTOR pathway is one of the most fre-
quently altered signaling pathways in several types of gyne-
cologic malignancy, raising the possibility that inhibitors 
directed against component kinases of this pathway may 
be promising treatments.26 Several such drugs have been 
evaluated in endometrial and ovarian cancers, with varying 
degrees of success.

Everolimus has been particularly noteworthy in com-
bination with the aromatase inhibitor, letrozole, in endo-
metrial cancer. Some patients with endometrial cancer 
are responsive to hormonal manipulation with aromatase 
inhibitors and PI3K pathway activation may be one of 
the mechanisms underlying resistance to these drugs, thus 
presenting a rationale for combination therapy. A phase 2 
study demonstrated a 32% ORR and 40% clinical benefit 
rate (CBR) for this combination and, in a presentation at 
the 2016 ASCO meeting, adding the anti-diabetic drug 
metformin, improved outcomes even further, with a CBR 
of more than 60%.27,28

The immunotherapy field has also gained some traction 
in the treatment of gynecologic malignancies and several 
different approaches have been tested. Therapeutic vacci-
nation has been a particular focus in cervical cancer, par-
ticularly as the close association with HPV infection pro-
vides a useful target. Vaccination approaches have included 
simple peptide- and protein-based vaccines, as well as more 
complex cell-based vaccines. The most advanced in clinical 
development is ADXS11-011, a live vaccine designed to 

target the HPV E7 protein, currently in phase 1/2 clini-
cal trials.29

Immune checkpoint inhibitors that are designed to pre-
vent immune cells from being switched off by cancer cells 
are the subject of intense study. Though clinical experience 
in gynecologic cancers remains limited, there are signs of 
activity from early-stage trials. The fully human mono-
clonal antibody targeting programmed cell death ligand 
1 (PD-L1), avelumab, has progressed furthest in clinical 
development. Several phase 3 trials are ongoing and the 
results of the phase 1b JAVELIN trial were presented 
at ASCO 2016. The ORR was 9.7% based on 12 partial 
responses in patients with ovarian cancer, with a DCR of 
54%.30 Preliminary results from a phase 1 trial of pembro-
lizumab (Keytruda) in squamous cell cervical carcinoma 
were also presented. The ORR was 12.5% with a median 
duration of 19 weeks.31

Compared with ovarian and cervical cancers, the role 
of targeted and immunotherapies is much less well stud-
ied in other gynecologic malignancies. Vulvar and vaginal 
cancers, in particular, remain very difficult to treat diseases 
with poor clinical outcomes, and their study is hindered 
also by the fact that they are rare. A better understanding of 
the molecular mechanisms of these gynecologic malignan-
cies and endometrial cancer is needed, but the aberrations 
identified thus far suggest they could be amenable to exist-
ing therapies. However, where they have been included in 
phase 1 studies of solid tumors, only minimal clinical ben-
efit has been attained.32
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