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Abstract
Background: With the growing understanding of the molecular and genetic profiles 
of cancers, targeted treatments are increasingly utilized in personalized cancer care. 
The objective of this study was to determine how these advances have translated into 
practice by examining how often molecular profiling of gynecological tumors led to 
treatment changes.
Methods: We identified women with gynecological cancers at our institution who 
had molecular tumor testing performed from November 2014 to June 2017. 
Clinicopathologic data were extracted from medical records. We determined (a) if 
molecular profiling identified actionable targets for which therapy is available, and 
(b) whether the patient's treatment course changed as a result of molecular profiling. 
Chi‐square, Wilcoxon rank‐sum, and Fisher's exact tests were used with a P < 0.05 
considered statistically significant.
Results: We identified 152 patients with gynecologic cancers who underwent mo-
lecular profiling. Of the 152 patients, 116 (76.3%) had actionable mutations identi-
fied, with 41 (35.3%) patients having a treatment change. Stratified by cancer type, 
molecular profiling most frequently identified an actionable target in patients with 
endometrial cancer (73.6%). Changes in treatment occurred most frequently in pa-
tients with endometrial cancer, 22 (56.4%), and ovarian cancers, 16 (39%), as com-
pared to patients with cervical and vulvar cancer (P = 0.02). Of those patients who 
received a change in treatment, 39 patients (95.1%) received an FDA‐approved thera-
peutic agent, while two patients (4.8%) were enrolled in a clinical trial.
Conclusion: Molecular profiling in gynecologic cancers often identified at least one 
actionable mutation; however, only in a minority of these cases was the course of 
treatment changed. Further studies are needed to elucidate optimal timing for testing 
to best utilize actionable information.
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1 |  INTRODUCTION

An estimated 110 000 women are expected to be diagnosed 
with invasive gynecological cancer in the United States in 
2018, which will lead to more than 32 000 deaths.1 Initial 
treatment for these cancers often involves a combination of 
surgery and chemotherapy. For those who present with ad-
vanced stage disease, and for whom surgery is not curative, 
survival varies by tumor type. In all gynecologic cancers, 
tumor recurrence after initial therapy is usually fatal.

When standard of care options fail, next generation se-
quencing (NGS) is increasingly utilized to identify molecu-
larly targeted therapies to guide cancer treatments. Advances 
in NGS, increasing throughput and quality, have decreased 
time and cost involved with sequencing, allowing for more 
genes to be sequenced.2,3 Identification of more gene alter-
ations allows for increased use of targeted therapies. These 
potential therapies include hormone therapies, pathway‐
specific therapies, and immunotherapies. NGS can identify 
opportunities for both FDA‐approved drugs as well as exper-
imental therapeutics in clinical trials.

A retrospective study of 3727 cancer patients, with un-
restricted site or stage of disease, identified actionable mu-
tation or informative information in 73% of cases; only 19% 
of these results represented the standard of care.4 In a pilot 
study of patients with previously treated metastatic breast 
cancer, tumor molecular profiling resulted in a revision of 
the original treatment plan and a clinical benefit in 52% of 
the pretreated patients.5 In patients with non‐small cell lung 
cancer, NGS identified actionable mutations in 46% of the 
209 patients for whom sequencing was performed; however, 
a targeted therapy was only instituted in 11% of sequenced 
patients.6 Finally, it has been shown that NGS‐guided therapy 
resulted in a longer progression‐free survival than unguided 
therapy. In a study of 1144 patients with multiple tumor types 
with both advanced and metastatic cancers, NGS‐guided 
therapy was associated with longer time to treatment failure 
and longer survival.7

Increasing evidence suggests that NGS has the poten-
tial to assist in clinical decision‐making and to increase the 
likelihood of response to targeted therapy in patients with 
recurrent cancers. However, it is unclear how NGS results 
are being implemented into clinical practice, and during the 
timeframe of the study, standard practice guidelines regard-
ing timing and patient selection for NGS testing in gyneco-
logic cancers were lacking. In March 2014, the Society of 
Gynecologic Oncology issued a clinical practice statement 
“Next Generation Cancer Gene Panels versus Gene by Gene 
Testing,” cautioning providers to consider both limitations 
and advantages by cancer gene panels.8 In February 2018, the 
most recent update of the National Comprehensive Cancer 
Network added the recommendation for tumor molecular 
testing prior to initiation of therapy for persistent/recurrent 

disease in ovarian cancer.9 However, there are no guidelines 
for genomic profiling in patients with other gynecologic can-
cers. Given the high cost of NGS testing, it is important that 
these results are being fully utilized. Our objective was to 
assess the frequency with which NGS identified clinically 
actionable mutations in patients with gynecologic cancers 
and to examine if such changes resulted in modification of 
prescribed therapies.

2 |  METHODS

We retrospectively identified patients diagnosed with gy-
necologic cancers and treated at our institution, who had mo-
lecular testing performed between November 2014 and June 
2017. During this time period, NGS was increasingly used in 
our institution to screen gynecologic cancers for both the NCI 
MATCH study and to determine eligibility for other phase I 
trials. Patient data were extracted from the electronic medi-
cal record including demographic information, treatment his-
tory, and molecular testing results including next generation 
sequencing and protein expression with immunohistochemis-
try. Approval for this study was obtained from the University 
of Miami Institutional Review Board.

Demographic information was extracted from the elec-
tronic medical record and included patient age, race, ethnicity 
(Hispanic vs non‐Hispanic), personal history of cancer, any 
family history of cancer in a first‐degree relative (gyneco-
logic and non‐gynecologic), and smoking status. Pathologic 
information obtained included stage, site of tumor, and his-
tology at diagnosis.

Treatment history included information about neoadjuvant 
chemotherapy, surgical treatment, and adjuvant chemother-
apy for the initial cancer diagnosis. Information on clinical 
trial participation and outcomes were abstracted. Treatment 
information was collected following recurrence including 
type of chemotherapy, if surgery was performed, the type of 
surgery, and outcome of any surgical interventions.

Tumor testing was performed on recurrent tumors ob-
tained either by biopsy or following surgical resection. 
Molecular testing was performed using commercial services 
at the discretion of the treating physician from either Caris 
Life Sciences or Foundation Medicine. Caris Life Sciences 
tests for 639 genetic alterations and Foundation Medicine 
next‐generation sequencing detect alterations in 324 genes, 
including all 17 genes with FDA‐approved targeted therapies.

NGS results included potential actionable targets, for 
which there were either FDA‐approved treatments or inves-
tigational therapeutic trials. For the purposes of this study, 
an alteration was considered “actionable” when a therapeutic 
agent could be used to target that particular alteration. FDA‐
approved treatments were listed on the NGS report, and inves-
tigational therapeutics were identified using the clinicaltrials.
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gov database. Investigators were unable to assess trial eligi-
bility and other factors that affect enrollment such as loca-
tion and cost, and therefore considered a mutation actionable 
without regard to eligibility. To determine if the molecular 
profiling results altered a patient's treatment, investigators 
assessed for treatment changes after results were received. If 
treatment was changed, investigators confirmed that the re-
sults supported this change. Data were collated from clinic 
note visits, telephone notes, and hospital admission records 
to elucidate rationale for not using NGS results (ie, change 
in patient performance status, response to another treatment, 
electing for clinical trial, or transitioning to hospice services).

Statistical analysis was performed using STATA1C 14 
(StataCorp, College Station, Texas). Chi‐square (or Fisher's 
exact test, when appropriate) was performed to compare pro-
portional differences. Wilcoxon rank‐sum test was used to 
compare nonparametric differences between groups of con-
tinuous variables. All tests were two‐sided, with a P < 0.05 
considered statistically significant. For statistical analysis 
purposes, uterine sarcomas were included with the endome-
trial cancer cohort and vulvar cancers with the cervical can-
cer cohort.

3 |  RESULTS

There were 152 patients with recurrent gynecologic cancers 
who underwent molecular profiling between November 2014 
and June 2017. We identified 78 patients with ovarian can-
cer (51.3%), 46 with endometrial cancer (30.3%), 15 with 
cervical cancer (9.8%), 6 with uterine sarcomas (3.9%), 5 
with vulvar cancers (3.3%), and two patients with gestational 
trophoblastic disease (GTD) (1.3%). The majority of patients 
were white (73%) and non‐Hispanic (61%) with a median age 
of 57 years. The majority of patients (55%) had advanced 
stage disease (stage III or IV) at the time of diagnosis. In this 
cohort, 17.1% had a personal history of cancer, with breast 
cancer accounting for 38.5% of the cases. A summary of de-
mographics is included in Table 1.

The majority of patients did not receive neoadjuvant che-
motherapy (76.3%) or maintenance therapy (92.0%) while 
most did receive adjuvant chemotherapy (85.7%) and surgery 
(91.3%). Of those patients whose disease status was known 
at the end of their primary therapy, 31% had progressive dis-
ease, 21% had a partial response, and 48% had a complete 
response prior to disease recurrence.

Of the 152 patients with recurrent gynecological dis-
ease, 116 (76.3%) had an actionable target identified, of 
which 41 (35.3%) had a subsequent change in treatment. 
When stratified by type of cancer, molecular profiling 
most frequently found an actionable target in patients with 
endometrial cancer (73.6%) followed by ovarian cancer 
(61.2%). In patients with vulvar or cervical cancer, 50% 

had actionable targets identified. When disease sites were 
evaluated specifically by proportion that displayed action-
able mutations, there was no significant difference between 
sites (P = 0.13).

Of the 75 patients for whom NGS testing identified an 
actionable mutation, 28 (37.3%) patients were already receiv-
ing another form of treatment (chemotherapy or radiation) 
by the time NGS results were received. Ten patients (13.3%) 
elected to receive hospice or palliative care, and six (8.0%) 
experienced a decline in performance status and were unable 
to receive additional therapy. Six patients (8.0%) had no ev-
idence of disease and required no additional chemotherapy. 
Three patients (4.0%) were deceased when results were re-
ceived. The remaining patients were either lost to follow up, 

T A B L E  1  Clinicodemographic comparison by actionable mutation 
status

Variable
Actionable 
mutation (%)

No actionable 
mutation (%) P‐value

Median age, 
years (range)

57 (26‐81) 60 (14‐81) 0.28

Race

White 64 (64.6) 35 (35.4) 0.31

Non‐White 21 (55.3) 17 (44.7)  

Ethnicity

Non‐Hispanic 52 (57.1) 39 (42.9) 0.13

Hispanic 35 (70) 15 (30)  

Personal history of cancer

No 74 (63.4) 42 (36.2) 0.74

Yes 20 (60.6) 13 (39.4)  

Family history of cancer

No 21 (63.6) 12 (36.4) 0.86

Yes 65 (61.9) 40 (38.1)  

Smoking

Never 63 (64.3) 35 (35.7) 0.67

Current/former 31 (60.8) 20 (39.2)  

Stage

I/II 27 (69.2) 12 (30.8) 0.45

III/IV 51 (62.2) 31 (37.8)  

Site

Non‐ovary 49 (67.1) 24 (32.9) 0.47

Ovary 41 (61.2) 26 (38.8)  

histology

Non‐serous 65 (67.0) 32 (33.0) 0.11

Serous 25 (53.2) 22 (46.8)  

Histology

Non‐endome-
trioid

75 (58.5) 53 (41.1) 0.004

Endometrioid 15 (93.8) 1 (6.2)  
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requested a transfer of care, or lacked detail in their chart to 
assess why treatment was not changed.

Among endometrial cancer patients, type I endome-
trial cancers had significantly more actionable mutations 
compared to type II endometrial cancers (93.8% vs 58.5%, 
P = 0.004). Furthermore, there was an increasing proportion 
of actionable mutations among endometrial/uterine cancer 
patients, though when compared to other disease sites, this 
was not statistically significant (Table 1). When evaluating 
patients with complete data on treatment changes by disease 
site, there was significant difference in proportion of pa-
tients with actionable mutations who had treatment changes 

due to NGS (n = 90). Changes in treatment occurred more 
frequently in patients with endometrial cancer (56.4%), and 
ovarian cancers (39%), as compared to patients with cervical 
and vulvar cancer (10%) (P = 0.02). All patients with endo-
metrioid endometrial cancer had their treatments changed as 
a result of NGS testing compared with zero changes in pa-
tients with non‐endometrioid endometrial cancer (P < 0.001) 
(Table 2). In ovarian cancer, the most frequent actionable 
targets identified were ER (41%), PD1 (16.7%), and EFGR 
(11.5%), whereas in endometrial cancer, ER (58.7%), PTEN 
(58.7%), and CTNNB1 (19.6%) were more common. In cer-
vical cancer, PIK3CA (33.3%), PD1 (26.7%), and EGFR 
(20%) were most common, whereas PD1 (40%) was most 
common in vulvar cancers (Table 3).

Overall, 41 patients received a change in treatment in re-
sponse to NGS testing results. The most commonly chosen 
therapy was paclitaxel, with nine patients (21.9%). Eight pa-
tients (19.5%) were treated with doxorubicin, 4 (9.8%) with 
tamoxifen, 2 (4.8%) with olaparib, 2 (4.8%) with pembroli-
zumab, and 1 (2.4%) with pazopanib. Five patients (12.2%) 
were treated with everolimus and/or letrozole. One patient 
(2.4%) each enrolled in phase 1 clinical trials.

4 |  CONCLUSIONS

Advances in understanding of cancer biology and sequenc-
ing technology have facilitated the identification of “driver” 
alterations crucial in cancer propagation.10 Precision oncol-
ogy is exemplified in breast cancer with the FDA‐approved 
HER2‐targeting agent because HER2 amplification and over-
expression are a proven predictive marker of response.11,12 
While the majority of molecular alterations do not have an 
FDA‐approved therapy, demand for improved or alternative 
therapies has driven next generation sequencing to map cod-
ing regions of cancer‐related genes. However, there is still 
much to be learned on the optimal timing of testing and incor-
poration into clinical practice. Intrapatient variability, with 
changes in the molecular profile from primary to metastatic 
disease and over the course of treatment, presents challenges 
to personalized medicine.13-16 Furthermore, some authors 
have even attempted to classify potentially actionable alter-
ations into categories with little success due to the rapidly 
evolving technology and knowledge.17 Published results vary 
widely depending on tissue type, but 39%‐83% are predicted 
to have a mutation for which matched therapy exists.17,18

The rapidity in the evolution of molecular testing in tu-
mors is demonstrated in one study examining a panel of mu-
tations with SNP genotyping to identify 160 mutations across 
15 cancer genes. During the study timeframe, genotyping 
was quickly replaced by broader next‐generation sequencing 
of 500‐1000 full gene sequencing.19 In the majority of our 
gynecologic cancer cases, molecular analysis identified an 

T A B L E  2  Change in treatment plan by demographic and clinical 
factors (n = 94)

Variable
Change in 
treatment (%)

No change in 
treatment (%) P‐value

Age

<57 years 41.3 58.7 0.81

>=57 years 43.8 46.2  

Race

White 45.3 54.7 0.56

Nonwhite 38.1 61.9  

Ethnicity

Non‐Hispanic 40.4 42.9 0.82

Hispanic 59.6 57.1  

Personal history of cancer

No 47.3 52.7 0.07

Yes 25 75  

Family history of cancer

No 33.3 66.6 0.25

Yes 47.7 52.3  

Smoking

Never 39.7 60.3 0.42

Current/
former

48.4 51.6  

Stage

I/II 52.3 47.7 0.06

III/IV 37.7 62.7  

Site

Non‐ovary 46.9 53.1 0.45

Ovary 39.0 61.0  

Histology

Non‐serous 46.2 53.8 0.38

Serous 36.0 64.0  

Histology

Non‐endome-
trioid

0 (0) 51 (100) <0.001

Endometrioid 39 (100) (0)  
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actionable target; however, only in a third of these cases was 
the course of treatment changed which is comparable to cur-
rent literature in other disease sites.20

Our study identified that changes in treatment occurred 
most frequently in patients with endometrial/uterine cancers, 
followed by ovarian cancer compared to patients with cer-
vical and vulvar cancer where few changes were made. In a 
recent study of 149 vulvar cancer cases, a variety of muta-
tions were identified, with the following occurring most com-
monly: TP53 (33%), BRCA 2 (10%), HRAS (5%), FBXW7 
(4%), and PIK3CA (3%). Targetable mutations by IHC in-
cluded cMET (32%), PDL1 (18%), PTEN loss (56%), HER2 
(4%), and ER (11%)/PR (4%).21 Many of the actionable tar-
gets had FDA‐approved drugs or clinical trials, which have 
potentially improved efficacy. Given that studies in other 
cancers have demonstrated that molecular profiling and tar-
geting therapy can improve response and survival in cancer 
patients;7,22 improved methods to utilize targeted therapy for 
patients are needed.

It is unclear whether the differences in treatment changes 
corresponding to NGS results by cancer type are due to the 
clinical availability and/or efficacy of additional standard 
treatments. There are by far, fewer clinical trials available 
for patients with vulvar cancer compared to ovarian, endo-
metrial, and cervical cancers. In addition, we found that the 
most common reasons why treatment was not changed due to 
NGS results were that the patient had started another line of 
therapy or had a decline in performance status while waiting 
for NGS results. At the beginning of the study time period in 
2014, receiving NGS testing results typically took 6‐8 weeks. 
It is possible that delays in testing and the length of time re-
quired to receive results meant that in many cases, results 
were received too late to influence therapy.

The optimal tissue specimen and timing of molecular pro-
filing are controversial. Tumor specimens may be sent at any 
time during the patient's cancer diagnosis, including at initial 
diagnosis, at diagnosis of recurrence, and subsequent recur-
rences. For example, testing the original endometrial cancer 

specimen at the time of recurrence is unlikely to change the 
first‐line therapy recommendations or is it likely represen-
tative of the recurrent tumor mutational burden. Performing 
molecular profiling at the time of recurrence with a fresh bi-
opsy and increasing the turnaround time could increase the 
number of patients who receive a targeted therapy.

In a retrospective analysis of 224 advanced stage ovar-
ian cancer patients who underwent molecular profiling and 
subsequently received additional therapy, Herzog et al exam-
ined the value of tumor profiling on the survival of patients 
with advanced ovarian cancer.23 Patients were retrospectively 
divided into two cohorts based on whether or not the drugs 
they received matched their profile recommendations. The 
matched cohort received no drugs predicted to be lack‐of‐
benefit while the unmatched cohort received at least one drug 
predicted to be lack‐of‐benefit. Profile biomarker and drug 
associations were based on multiple test platforms includ-
ing immunohistochemistry, fluorescent in situ hybridization, 
and DNA sequencing. The matched cohort had a median OS 
of 36 months compared to 27 months for patients in the un-
matched cohort (HR 0.62, 95% CI 0.41‐0.96; P < 0.03). The 
authors concluded that multiplatform molecular profiling 
may identify patients with ovarian cancer at risk of inferior 
survival and guide treatment selection based on results which 
may improve survival.18

Our finding that two patients (4.8%) enrolled in phase 1 
clinical trials is consistent with results in other solid tumors 
that suggest providers are not enrolling patients for whom 
profiling identifies actionable mutations in clinical trials [3]. 
A study of 2000 consecutive advanced stage cancer patients 
found that NGS testing identified 789 patients (39%) with an 
actionable mutations, and of these patients, 83 (4%) went on 
to enroll in matched clinical trials targeting their mutation.18 
Similarly, Stockly et al evaluated the frequency of genomic 
alterations, clinical “actionability” of somatic variants, en-
rollment in mutation‐targeted or other clinical trials, and 
outcome of molecular profiling for advanced solid tumors 
at a large cancer center. DNA from archival formalin‐fixed 

Cancer type Most common mutations
Examples of targeted 
drugs

Ovary/fallopian tube and 
primary peritoneal

ER, BRCA 1, BRCA 2, PD1 Letrozole, PARP inhibitor, 
checkpoint inhibitor

Endometrium/uterine ER, PTEN, CTNNB1 Tamoxifen, everolimus, 
temsirolimus, letrozole, 
medroxyprogesterone 
acetate

Cervix PIK3CA, EGFR, PD1 Taselisib (clinical trial), 
gefitinib, checkpoint 
inhibitor

Vulvaa PD1 Checkpoint inhibitor
aSmall number of cases 

T A B L E  3  Most frequently detected 
actionable mutations by cancer type



2018 |   HUANG et Al.

paraffin‐embedded tumor tissue was tested using a MADLI‐
TOF MS hotspot panel or a targeted next generation sequenc-
ing panel. 1640 patients had testing performed, of which 245 
patients (15%) were treated on therapeutic clinical trials, in-
cluding 84 patients (5%) on genotype‐matched clinical tri-
als. The authors concluded that few patients with advanced 
solid tumors were treated on genotype‐matched therapeutic 
trials.22

The National Cancer Institute Precision Medicine 
Initiative is an ongoing effort to conceptualize and test the 
feasibility of trials incorporating sequencing platforms and 
large‐scale bioinformatics processing that are not currently 
uniformly available to patients. This includes the National 
Cancer Institute‐Molecular Profiling‐based Assignment 
of Cancer Therapy (NCI‐MATCH), a nationwide hybrid 
trial that is designed to select treatment according to de-
termined genetic alterations detected using next‐genera-
tion sequencing technology across a broad range of tumor 
types. Twenty‐four drug or drug combinations targeted to a 
specific molecular abnormality across the spectrum of can-
cer histologic subtypes were selected as 24 different ther-
apeutic arms for evaluation in this trial. The primary end 
point of the NCI‐MATCH trial is overall response rate, and 
secondary outcomes included PFS of 6 months or greater, 
OS for each arm, and toxicity. After interim analysis, the 
screening goal for this trial was increased to 6000 patients 
from the initial 300 patients.24

Our study aimed to examine the utilization of molecu-
lar profiling in gynecologic cancers at a single institution. 
The strengths of this study are in its relatively diverse types 
of gynecologic cancers, having complete treatment records 
and the ability to determine if treatment decisions changed 
based on results. Limitations of the study include the small 
sample size in some groups and the retrospective nature of 
the study, which does not allow us to determine if targeted 
therapy guided by NGS extends patient survival, which 
would be better explored in a randomized controlled trial. 
Despite these limitations, however, we highlight that NGS 
data are not necessarily utilized to its full potential. While 
some of the underutilization is inevitably due to lack of 
clinical trials available for all patients, it is important to 
realize that in an era of cost‐containment, the goal of ob-
taining extra data on patient tumors should be to directly 
impact patient care.

In gynecologic cancers, specific actionable mutations 
were commonly seen; however, further studies are needed to 
guide usage of testing results to improve survival. If these 
specific mutations with effective therapies are identified, 
resources could be directed to ensure that these patients are 
treated with the corresponding agents. Finally, additional in-
vestigation is needed to determine why molecular profiling 
often does not lead to changes in treatment as this tool may 
improve survival.
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