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Abstract

Precision medicine is a rapidly evolving area in the treatment of gynecologic malignancies. 

Advances in sequencing technology have resulted in an increasing wealth of data regarding the 

genomic characteristics of ovarian, endometrial, and cervical cancers. These vast new datasets of 

information have led to novel insights into potential vulnerabilities and therapeutic targets for 

these cancers. However, unraveling the complex molecular changes within cancer cells to 

determine how best to attack these targets and to identify effective biomarkers of response remains 

a significant challenge. In this article, we review the current status of biomarker-driven targeted 

therapy in gynecologic malignancies.
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Introduction

Molecular characterization of tumors and the tumor microenvironment has become a leading 

area of research and development in cancer medicine. The hallmarks of cancer as described 

by Hanahan and Weinberg provide a roadmap to guide the development of targeted therapy 

against the key survival capabilities of cancer cells(1). As more data emerge, there is a 

movement towards leveraging this molecular information to not only identify potential 

therapeutic targets but also biomarkers of response to targeted therapies. Early successes in 

biomarker-driven therapies, such as the efficacy of imatinib in bcr-abl chronic myelogenous 

leukemia(2) or erlotinib in EGFR mutant lung cancer(3, 4) have shaped our approach 

towards targeted therapy development. However, as our knowledge has grown, it has 

become clear that the complexity of advanced and recurrent gynecologic malignancies will 

likely not succumb to single agent therapy. Thus, understanding the robustness of cancer and 
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the intricate signaling networks that drive tumorigenesis and resistance to therapy is 

paramount(5).

In the field of gynecologic malignancies, recent years have seen an explosion in the wealth 

of available molecular data. The Cancer Genome Atlas project (TCGA) has published 

genomic data on both high-grade serous ovarian cancers as well as endometrial cancers(6, 

7), and a broad molecular characterization of cervical cancers has also been performed(8). 

These investigations provide new insight into the molecular underpinnings of gynecologic 

malignancies, but growing awareness of the complexity of cancer genomics also leads to 

new challenges in selecting the best therapeutic approach in the clinical setting. In this 

article, we review recent developments regarding use of biomarkers to rationally select 

targeted or biologic therapies in gynecologic malignancies (Figure 1). A thorough discussion 

of the rational development and validation of potential predictive biomarkers is beyond the 

scope of this article but may be found in the excellent review by de Gramont and 

colleagues(9).

Poly-ADP-ribose polymerase (PARP) Inhibition

Genomic instability has long been a target of standard chemotherapeutic agents that cause 

DNA damage or interfere with DNA repair. More recently, targeted agents which impair 

DNA repair pathways have been investigated in gynecologic malignancies, the most notable 

of these being drugs that inhibit the action of PARP. PARP-1 plays a pivotal role in the 

DNA damage response(10) and is essential in the repair of single-strand DNA breaks. When 

single-strand DNA breaks are not repaired, the cell becomes more dependent upon double-

strand break repair mechanisms, such as homologous recombination (HR), leading to the 

potential for increased toxicity of PARP inhibitors (PARPi’s) in cells that are deficient in 

HR. This synthetic lethality between PARP inhibition and HR deficiency was demonstrated 

in two landmark papers in 2005 describing that cells deficient in BRCA2, a key component 

of the HR pathway, were vulnerable to the effects of PARPi’s(11, 12).

Subsequent clinical studies confirmed activity of PARPi’s in BRCA-deficient tumors, most 

notably in ovarian cancers. A Phase 2 study of olaparib in women with BRCA-related 

ovarian cancer demonstrated a response rate of 33%(13). Similarly, a Phase 2 study of 

veliparib, found a response rate of 26% in women with BRCA-related ovarian cancer(14). 

Further, olaparib monotherapy as a maintenance therapy following platinum-based 

chemotherapy for platinum-sensitive recurrence significantly increased progression-free 

survival, especially in women with a BRCA mutation(15, 16). These findings led to 

approval of olaparib in the United States in the setting of BRCA-related ovarian cancer that 

has received at least three prior lines of therapy, and in Europe as a maintenance therapy 

following response to platinum-therapy after platinum-sensitive recurrence. Further Phase 3 

trials of olaparib as maintenance therapy in BRCA-related ovarian cancer, in both the 

upfront (SOLO1; NCT01844986) or platinum-sensitive recurrent (SOLO2; NCT01874353) 

setting have completed accrual and are awaiting results.

The approval of olaparib for BRCA-related ovarian cancer marks the first therapy approved 

for gynecologic malignancies with an associated biomarker. However, growing evidence 
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suggests that responses to PARPi’s will not be limited to BRCA-related tumors alone, as 

PARPi’s can also exhibit synthetic lethality with HR deficiency independent of loss of 

BRCA function. Data from TCGA reported that nearly 50% of high-grade serous ovarian 

carcinomas harbor a genomic alteration in at least one gene associated with HR7), while a 

separate report detailed that 31% of ovarian carcinomas have a deleterious germline or 

somatic mutation in one or more of 13 HR genes(17). Indeed, in a Phase 2 trial, Gelmon and 

colleagues observed a response rate to olaparib of 24% in women without a germline BRCA 

mutation(18). Similarly, in the ARIEL2 study, the activity of the PARP inhibitor rucaparib 

was examined in women with recurrent ovarian cancer(19). All women on this study 

underwent a biopsy prior to proceeding to treatment. Based upon genomic signature, women 

were classified as having biomarker negative, BRCA-mutant, or BRCA-like tumors, defined 

as tumors that were BRCA-wild type but had evidence of genome-wide loss of 

heterozygosity. The study found that women with BRCA-mutant tumors had a response rate 

of 69% and median PFS of 9.4 months, while response rates and median PFS were 30% and 

7.1 months and 13% and 3.7 months for BRCA-like and biomarker-negative tumors, 

respectively(20).

The results from ARIEL2 not only underscore the power of BRCA loss as a biomarker of 

response to PARP inhibitors, but also suggest that a BRCA-like signature may identify 

another population of patients who will also derive benefit. The response rate of 30% 

(compared to 69% for BRCA-mutant tumors) suggests that further refining of this signature 

may be necessary. Multiple studies to investigate the activity in PARPi’s in non-BRCA-

selected populations and to identify a signature of response are ongoing, including further 

expansion of the ARIEL2 study as well as a single-agent study of niraparib (QUADRA: 

NCT02354586) in women who have received at least three prior lines of chemotherapy for 

ovarian cancer. Additional studies to explore the activity of PARPi’s as maintenance therapy 

in the non-BRCA-mutant population (ARIEL3, NCT01968213; NOVA, NCT01847274) are 

also ongoing and should generate further insights into biomarkers of activity.

While the predominant focus of PARPi development has been concentrated in ovarian and 

breast cancers, activity of these drugs has also been demonstrated in other malignancies with 

BRCA1/2 loss(21). However, the role of PARPi’s in non-ovarian gynecologic malignancies 

remains unclear. Data from TCGA suggested that a portion of endometrial cancers share 

many molecular characteristics with high-grade serous ovarian and triple-negative breast 

cancers, including high copy number alterations and high rates of TP53 mutation(22). In 

contrast to ovarian and breast cancers, however, the rates of BRCA1 and BRCA2 mutation or 

epigenetic silencing in endometrial cancer are low. Pre-clinically, a separate rationale for 

activity of PARPi’s in endometrial cancer exists, as PTEN-deficient cells are more sensitive 

to the effects of PARPi’s(23, 24), and PTEN alterations are very common in endometrial 

cancer. One case of a woman who derived benefit from olaparib for 8 months in the setting 

of a metastatic endometrial endometrioid cancer that was found to have loss of PTEN but no 

BRCA1/2 mutation has been reported(25). Results of ongoing studies evaluating the utility 

of PARP inhibition and exploring biomarkers of response and resistance in endometrial 

cancer are eagerly anticipated (NCT02208375; NCT02127151). Similarly, pre-clinical data 

have supported potential synergy between PARPi’s in combination with chemotherapy or 
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with radiation in cervical cancer cell lines(26); early stage trials to evaluate these 

combinations have been initiated.

Anti-angiogenic agents

Targeting angiogenesis has been widely explored in gynecologic malignancies. In ovarian 

cancer, activity has been seen with anti-angiogenics as single-agents in the recurrent 

setting(27–30) as well as in combination with chemotherapy in both initial treatment(31–33) 

and in the setting of disease recurrence(34–37). Of note, the benefit of adding anti-

angiogenics to chemotherapy has been primarily in increasing progression-free survival, 

with only one study preliminarily reporting a statistically significant increase in overall 

survival(35). Similarly, anti-angiogenics have been studied in endometrial cancer, where 

single agent activity has been demonstrated (38) and Phase 2 studies suggest added activity 

in combination with chemotherapy(39, 40). In cervical cancer, the GOG240 study 

demonstrated the addition of bevacizumab to chemotherapy in the setting of advanced or 

recurrent disease improved both progression-free and overall survival(41). However, to date, 

investigational efforts have not identified a reproducible biomarker of response to anti-

angiogenic agents.

Efforts to study predictive biomarkers to anti-angiogenic agents in large randomized studies 

have yielded mixed results. In 2014, two studies reported the correlation of molecular 

subtypes of ovarian cancer with outcomes from the ICON7 study, which randomized women 

to receive either carboplatin and paclitaxel or carboplatin, paclitaxel, and bevacizumab 

followed by bevacizumab maintenance in first-line therapy for newly diagnosed ovarian 

cancer. In one study, unsupervised hierarchical clustering was performed on gene expression 

data from 265 patients enrolled to the ICON7 study in Scotland and identified three major 

subgroups, two of which had upregulation of angiogenic genes, and one of which had 

decreased expression of angiogenic genes and upregulation of immune genes(42). In this 

study, it was observed that the immune signature had a more favorable prognosis; however, 

it appeared that the additional of bevacizumab to chemotherapy conveyed a detrimental 

effect in terms of both progressionfree and overall survival in this subset. In the second 

study, gene expression data from 380 patients enrolled to ICON7 from Germany were 

generated and classified into the four TCGA subclassifications(43). While patients in all 

subgroups derived some benefit from the addition of bevacizumab, patients with the 

mesenchymal subtype benefited most. Molecular subtyping of samples from the GOG-218 

study, which also investigated the effects of adding bevacizumab to upfront chemotherapy, 

have not been reported; however, exploration of immunohistochemistry (IHC) signatures 

found that tissue VEGF-A expression and microvascular density, as measured by CD31 IHC 

correlated with the degree of benefit derived from the addition of bevacizumab(44). In 

cervical cancer, exploratory studies from GOG-240 have suggested a correlation between 

pre-treatment circulating tumor cells (CTCs) and decline of CTCs during treatment with a 

lower risk of death upon addition of bevacizumab(45).

The findings from these studies highlight the importance and challenges of identifying 

reproducible predictive biomarkers for anti-angiogenic response. The possibility that certain 

subsets of patients may experience decreased survival with addition of an anti-angiogenic to 

Liu and Westin Page 4

Gynecol Oncol. Author manuscript; available in PMC 2017 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



therapy makes further validation of these findings critical. However, while both analyses 

from ICON7 utilized a molecular approach, it is unclear to what extent the identified 

molecular subgroups in the two studies overlap. Thus, it will be important in future studies 

to consider exploring biomarker signatures that can be reproduced and validated in broader 

sample sets.

Phosphoinositide 3-kinase (PI3K) pathway

It is well established that the PI3K pathway is a key player in tumorigenesis, impacting cell 

survival, growth, and avoidance of apoptosis. Constitutive activation of this pathway in 

gynecologic malignancies can occur through mutation and/or aberration of receptor tyrosine 

kinases and major pathway nodes, including, but not limited to PTEN, PI3KCA, PI3KR1, 

and AKT(46–53) (Table 1). There are myriad novel agents in development that target this 

pathway; however, results of early studies in gynecologic malignancies have been modest.

Endometrial cancer arguably has the highest number of PI3K pathway aberrations found in 

any solid tumor; thus, this cancer type has been a primary focus of investigators studying 

these agents in gynecologic malignancies. To date, the majority of studies have consisted of 

evaluation of agents targeting single nodes, including mTORC1, AKT, and PI3K. Few 

objective responses have been observed, especially among patients that have been 

previously treated with cytotoxic chemotherapy (54–58). Similar to findings in other solid 

tumors, it would appear that inhibiting only one node along the pathway is not sufficient to 

inhibit tumor growth. No doubt this is related to the complexity of the PI3K pathway, 

including feedback loops and crosstalk between pathways. One example among many is the 

compensatory activation of AKT seen after inhibition of mTORC1(59).

Several investigators have attempted to identify potential biomarkers of response to PI3K-

directed therapies from the wealth of potential markers. Thus far, there has been little 

correlation between aberrations in the pathway and response to therapy. In a study of 

temsirolimus in recurrent endometrial cancer, modest activity was found in tumors 

independent of PTEN status(54). The National Cancer Institute of Canada (NCIC) clinical 

trials group analyzed archival tumor samples from 96 women treated with single agent 

mTORC1 inhibitors (temsirolimus, ridaforalimus). Although mutations in pathway nodes 

and aberrations such as PTEN loss were encountered, there was no correlation observed 

between molecular findings and response to therapy(60). Conversely, Meyer and colleagues 

sought to determine if there was an association between marker expression and resistance to 

single agent everolimus therapy. Although there was no one marker that predicted 

resistance, the combination of KRAS mutation and expression of phosphorylated s6, a 

downstream marker of PI3K pathway activity, were associated with nonresponse to 

therapy(61). Of note, the majority of the molecular analyses have been performed on 

archival tissue from primary diagnosis, and it is unknown how much the findings from the 

primary archival tumor will reflect the molecular profile in the recurrent setting. The use of 

concurrent biopsies holds promise to refine utility of molecular aberrations to predict 

response to therapy.
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The PI3K pathway may also be of importance in ovarian cancer, especially as a mechanism 

of resistance to paclitaxel and carboplatin(62). Initial findings of PI3KCA amplification and 

PTEN loss led to excitement for mTORC1 inhibition in this cancer. Similar to endometrial 

cancer, single agent temsirolimus yielded response rates of only 9% and a 6 month PFS of 

24%, and this agent was not further explored(63). To assess the ability to impact 

chemoresistance, a completed phase Ib/II trial (NCT00756847) evaluated the combination of 

XL147, a PI3K inhibitor, with paclitaxel and carboplatin in patients with advanced solid 

tumors. Preliminary results suggested the combination was well tolerated and induced tumor 

regression in a heavily pretreated patient population. Favorable responses in ovarian cancer 

led to a dose expansion in this tumor type although final results have not yet been 

presented(64).

Although initial explorations of PI3K pathway inhibitors in ovarian cancer were in all 

histologies, molecular data reveal that these agents may be more successful in the rare 

subtypes. Activation of the PI3K pathway in low grade serous ovarian cancer occurs through 

expression of insulin-like growth factor receptor (IGF-R). King and colleagues reported high 

IGF-1 expression and upregulation of phosphorylated AKT in response to IGF-1 treatment. 

This effect was abrogated by treatment with an AKT inhibitor (MK-2206) and IGF-1R 

knockdown(65). Clear cell and endometrioid ovarian cancers have a high proportion of 

mutations in PI3KCA and PTEN, as well as PTEN protein loss and PI3KCA 

amplification(66, 67). Thus far, these treatments have primarily been explored in expansions 

of phase I studies, however, a Phase III study combining temsirolimus with paclitaxel and 

carboplatin for the treatment of advanced clear cell ovarian cancer has recently completed 

accrual (NCT01196429).

Not surprisingly, single agent studies of PI3K pathway-directed agents in cervical cancer 

have also demonstrated limited success despite a moderate proportion of tumors with 

PIK3CA mutation and PTEN protein loss(68, 69). Although a stable disease rate of 58% was 

achieved with temsirolimus in the phase II setting, only one of 33 evaluable patients with 

cervical cancer had an objective response. No association was found between PI3K pathway 

abnormalities including PTEN and PI3KCA expression, copy number and methylation and 

clinical benefit on this trial(70).

Retrovirus-associated DNA sequences (Ras)/v-raf 1 murine leukemia viral 

oncogene homolog 1 (Raf) Pathway

The Ras/raf pathway plays a critical role in the regulation of cellular survival, proliferation, 

motility and avoidance of apoptosis(71). Further, this pathway has been implicated in 

targeted therapy resistance, including agents targeting EGFR and PI3K(72). Activation of 

the Ras/Raf pathway can result from mutations in RAS, RAF or MEK(71). Similar to the 

PI3K pathway, activation of upstream receptor tyrosine kinases can also stimulate pathway 

activity. Clinically, MEK inhibitors (MEKi’s) have been explored in the most depth for 

gynecologic tumors. Predictors of response to MEK inhibition may be extrapolated from 

work in other solid tumors. Thus far, activating mutations in BRAF render tumors highly 

sensitive to MEK inhibition in melanoma and KRAS or NRAS mutation may also affect 

response(73–76).
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Of the gynecologic cancers, low grade serous and mucinous ovarian cancers have the 

highest rates of Ras/Raf pathway aberrations. KRAS mutations can be seen in up to 40% of 

low grade and 60% of mucinous tumors(77–81). BRAF mutations are more rare, occurring 

in approximately 5% of low grade and 10% of mucinous tumors(77–80). To date, MEKi’s 

have not been explored in mucinous ovarian cancer, likely due to the rare nature of this 

diagnosis. A phase II GOG trial of selumetinib, a MEK inhibitor, for low grade serous 

ovarian cancer, found promising activity, with 15% of patients achieving an objective 

response and 65% with stable disease(80). Based on these results, two large phase III studies 

have been activated to evaluate the efficacy of MEKi in comparison to standard of care 

therapy in low grade serous ovarian cancer (GOG281, NCT02101788; MILO 

NCT01849874).

Farley and colleagues explored potential molecular correlates of response to selumetinib 

therapy. Thirty four patients had adequate tissue for molecular analysis, which revealed no 

correlation between KRAS, BRAF, or NRAS mutation and response. Of note, 82% of the 

specimens were from primary tumors and not recurrent metastatic disease immediately prior 

to treatment. These data suggest that other cell signaling pathways can activate the Ras/Raf 

pathway independent of mutation status and may be responsible for resistance to MEKi 

therapy.

Endometrial cancer is known to have a high prevalence of KRAS mutations, with up to 30% 

in endometrioid and up to 10% in nonendometrioid histology types(82). Given this 

prevalence, the GOG recently reported a Phase II trial of selumetinib in recurrent 

endometrial cancer. Results were modest, achieving an objective response rate of 6% and a 

stable disease rate of 26%(83) (Coleman). These modest results have led to a series of 

combination therapies with relevant pathways to attempt to maximize clinical impact.

On the Horizon

P53

P53 mutation is arguably the most prevalent molecular aberration noted across advanced 

solid tumors. Among gynecologic malignancies, the proportion with p53 mutation can range 

from a low of 5% (early grade endometrioid endometrial cancer) to a high of 98% (high 

grade serous ovarian cancer)(7, 84). Until recently, this mutation was largely thought to be 

“undruggable”, however, several agents are currently in development which may yield 

improved clinical response for tumors bearing a p53 mutation. The Wee1 inhibitor, 

AZD1775, acts on a key regulator of the G2 cell cycle checkpoint, which is essential for 

DNA damage repair among tumors with dysfunctional p53. This agent has been evaluated in 

combination with standard paclitaxel and carboplatin in the setting of recurrent platinum-

sensitive ovarian cancer, demonstrating improved response rate and progression free 

survival in the setting of minimal additional toxicity(85). No clinical studies have been 

reported to indicate which patients may garner the most benefit. In addition to Wee1 

inhibitors, there are myriad molecules under evaluation that appear to reactivate mutant p53 

or restore the activity of wildtype p53(86). The development of concurrent biomarkers that 

predict response to therapy will be essential, as each unique p53 mutation in gynecologic 
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malignancies may have varying impact on tumorigenesis and ultimately, the clinical utility 

of these agents.

Immunotherapy

Immune evasion and escape has long been known to be a key factor in tumorigenesis and 

malignant potential(1). There are an extraordinary number of immunotherapy agents 

currently being explored(87); however, clear characterization of biomarkers that will 

identify cancers against which tumor immunotherapy might be most active has been elusive. 

PD-L1 expression has been linked to response to PD-1/PD-L1 immune checkpoint 

blockade(88, 89). However, significant responses have been observed even in patients 

whose tumors are classified as PD-L1 “negative”(89–91). In gynecologic malignancies, 

experience with immunomodulatory agents remains limited. Early Phase 1 trials of 

nivolumab, avelumab, and pembrolizumab have suggested response rates of 11 to 15% in 

otherwise unselected recurrent ovarian cancers(92–94). However, a recent study suggested 

that BRCA-mutated ovarian cancers are associated with markers of higher immunogenicity 

through an increased higher CD8+/ CD4+ ratio of tumor-infiltrating lymphocytes and higher 

peritumoral T cells, raising the question of whether these tumors might also be more 

responsive to immunotherapy(95). In endometrial cancer, POLE hypermutated tumors and 

tumors with microsatellite instability (MSI) have similarly been linked with increased 

tumor-infiltrating and peritumoral lymphocytes, while also having higher expression of PD-

L1(96). MSI may be of particular interest in endometrial cancer, as previous studies have 

suggested that the presence of mismatch repair deficiency is linked to response to PD-1 

blockade(97). These insights into factors linked to tumor immunogenicity may provide 

valuable information as immune-based therapies move forward in development in 

gynecologic cancers. Immunotherapies are also an active area of exploration in cervical 

cancer, where adoptive T-cell therapy in nine women with metastatic cervical cancer 

resulted in two complete responses and one partial response, with the two complete 

responses ongoing at 15 and 22 months.

Combination Targeted Therapy

Given the results presented above, it seems clear that targeting multiple nodes across 

multiple pathways may be necessary for success in gynecologic malignancies. This is 

supported by the low objective response rates in molecularly aberrant tumors to 

“appropriately targeted therapy”. Even among targeted therapies with higher objective 

responses, e.g. PARPi’s in BRCA-mutant ovarian cancer, universal responses have not been 

observed. These findings support the presence of underlying resistance and/or cross-talk that 

tempers the impressive responses seen in the in vitro setting. This rationale has led to the 

exploration of numerous cross-pathway combinations in gynecologic malignancies, 

including PI3K/MEK, PARP/anti-angiogenic, PARP/PI3K, PARP/immunotherapy, and 

PI3K/hormonal. Although more promising clinical results have been reported, success of 

many of these combinations has been limited due to excessive toxicity and difficulty 

achieving biological relevant doses of each agent. Further, rational selection of effective 

combinations has not yet been optimized.
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Summary

The rapid advance of molecular discovery in gynecologic malignancies has led to increased 

excitement and enthusiasm regarding the promises of targeted therapies. A greater 

understanding of the molecular drivers of these malignancies will be critical to fully 

harnessing the potential of biomarker-driven therapies. While the ability to rapidly gather 

genomic information on an individual tumor is now providing us with unprecedented access 

to molecular data, our ability to interpret these findings to greatest effect continues to 

develop.

Despite marked abnormality in a pathway, clinical impact of targeted therapy can be limited. 

There are numerous reasons behind this phenomenon. Given the vast landscape of genomic 

alterations within cancer cells, it is not always easy to dissect out “driver” alterations that are 

critical to the cancer cell’s survival from “bystander” or “passenger” alterations that occur 

only in the context of the genomic instability of the cancer cell. In some areas, we have 

begun to learn how to identify these critical dependencies, and the identification of BRCA1/2 

mutation and potentially HR deficiency as biomarkers of response to PARPi’s in ovarian 

cancer has been a marked advance in the field. However, in other areas, such as with PI3K 

signaling in endometrial cancer, additional work is needed to delineate when a given cancer 

with an alteration in the pathway of interest might truly be vulnerable to an agent targeting 

that pathway. The challenges of identifying biomarkers that can accurately predict the 

response to a given targeted therapy are not unique to gynecologic malignancies. As part of 

a goal to expand the ability to practice precision medicine, the National Cancer Institute 

(NCI) has launched the NCI-MATCH trial. In this study, the patient’s tumor is molecularly 

tested, and then patients are “matched” with an appropriately targeted therapy based upon 

the tumor’s molecular characteristics, if one is available.

Other considerations complicate the development of biomarker-driven therapies, such as the 

development of tumor resistance. Whether innate, acquired, or even adaptive, it is essential 

to identify mechanisms of resistance, as this information may guide regimen design or 

provide insights into how to avoid or overcome the development of resistance. Additionally, 

tumor heterogeneity must be considered, as it is possible that a biopsy in one site may not 

represent the molecular milieu of other tumor sites. Thus, it is possible that one set of tumor 

sites may harbor different molecular vulnerabilities than others. Indeed, future clinical trials 

of targeted therapies incorporating tissue/serum collection and planned exploration of 

biomarkers will be critical to advance our understanding of how best to select biomarker-

driven therapies in gynecologic malignancies as well as all solid tumors.
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Highlights

• Applications for targeted therapy in gynecologic cancers are growing rapidly

• Resistance to targeted therapy may be innate, acquired, or adaptive

• Translational endpoints will be essential to maximize response to targeted 

therapy
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Figure 1. 
A hypothetical approach to biomarker driven therapy in gynecologic malignancies. While 

traditionally these cancers would have been grouped together as one type of malignancy (top 

panel), various molecular signatures could place each cancer in a different molecular 

category (represented by a different color; bottom panels). These molecular biomarkers 

could then be used to identify agents to be preferentially used to treat cancers within the 

given molecular category. Currently, in gynecologic malignancies, the only validated 

biomarker for targeted therapy treatment is BRCA mutation for PARP inhibitors.
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