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Background: Uterine serous carcinoma (USC) is an aggressive subtype of

endometrial carcinoma which has been increasing at alarming rates,

particularly among Asian, Hispanic and Black women. USC has not been well

characterized in terms of mutational status, pattern of metastases and survival.

Objective: To investigate the association between sites of recurrence and

metastases of USC, mutational status, race, and overall survival (OS).

Methods: This single-center retrospective study evaluated patients with biopsy-

proven USC that underwent genomic testing between January 2015 and July

2021. Association between genomic profile and sites of metastases or

recurrence was performed using c2 or Fisher’s exact test. Survival curves for

ethnicity and race, mutations, sites of metastasis/recurrence were estimated

using the Kaplan-Meier method and compared with log-rank test. Cox

proportional hazard regression models were used to examine the association

between OS with age, race, ethnicity, mutational status, and sites of metastasis/

recurrence. Statistical analyses were performed using SAS Software Version 9.4.

Results: The study included 67 women (mean age 65.8 years, range 44-82) with

52 non-Hispanic women (78%) and 33 Black women (49%). The most common

mutation was TP53 (55/58 women, 95%). The peritoneum was the most

common site of metastasis (29/33, 88%) and recurrence (8/27, 30%). PR

expression was more common in women with nodal metastases (p=0.02) and

non-Hispanic women (p=0.01). ERBB2 alterations were more common in

women with vaginal cuff recurrence (p=0.02), while PIK3CA mutation was

more common in women with liver metastases (p=0.048). ARID1A mutation

and presence of recurrence or metastases to the liver were associated with lower

OS (Hazard Ratio (HR): 31.87; 95%CI: 3.21, 316.9; p<0.001 and HR: 5.66; 95%CI:

1.2, 26.79; p=0.01, respectively). In the bivariable Cox model, the presence of

metastasis/recurrence to the liver and/or the peritoneum were both

independent significant predictors of OS (HR: 9.8; 95%CI: 1.85-52.7; p=0.007

and HR: 2.7; 95%CI: 1.02-7.1; p=0.04, respectively).
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Conclusions: TP53 is often mutated in USC, which most commonly metastasize

and recur in the peritoneum. OS was shorter in women with ARID1A mutations

and with metastasis/recurrence to the liver. The presence of metastasis/

recurrence to liver and/or peritoneum were independently associated with

shorter OS.
KEYWORDS
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Introduction
Endometrial cancer (EC) is the most common gynecologic

malignancy in the United States (1, 2) and is increasing at an

alarming rate. Based on clinical and histological variables, EC have

been divided into two types. Type I tumors, or endometrioid EC,

represent approximately 85% of cases, and are usually low-grade

with favorable outcomes. Type II tumors, or non-endometrioid EC,

typically arise in postmenopausal patients, and are frequently of

high-grade thus contributing to a relatively poor prognosis (3, 4).

Type II EC is largely comprised of uterine serous carcinomas

(USC), which represents less than 10% of all endometrial cancers,

yet accounts for more than half of deaths attributed to EC (4–6).

While type I are estrogen-dependent, the role of estrogens in type II

EC is less clear, although studies have shown that the pathogenesis

of type II EC may at least partially depend on the level of estrogens,

differently from what was previously believed (7).

Pathological reporting of EC has limitations due to poor

reproducibility of tumor typing and to accurately identify patients

at risk for recurrence or metastatic disease (8). The identification of

the underlying molecular background of EC has resulted in the

development of new molecular based classifications of EC, namely

The Cancer Genome Atlas (TCGA), which stratifies EC into four

distinct clusters with prognostic significance: polymerase e (POLE)
ultramutated, copy-number low, and microsatellite instability

(MSI) hypermutated, and copy-number high (9, 10).

The genomic characterization of USC is distinct from

endometrioid EC, with USC exhibiting a high frequency of

genetic aberrations involving TP53, FBXW7, PPP2R1A and

ARID1A.USC are mostly classified as copy-number high

according to TCGA (10, 11). In contrast, endometrioid EC

typically demonstrates a higher frequency of microsatellite

instability, frequent activation of WNT/CTNNB1 signaling, and

mutations of POLE, KRAS, and CTNNB1. Endometrioid EC are

mostly classified as copy-number low according to TCGA (9–11).

Although EC is typically diagnosed early and associated with a

high 5-year survival of 80-90%, USCs have higher recurrence rates

and carry a poor prognosis with significantly lower survival (4, 12).

USCs have high risk of recurrence (up to 80%) and are associated

with an increased incidence of extrauterine disease on presentation

(5, 12–15). Hence, the ability to reduce mortality of EC largely
02
depends on developing tailored therapy and management for

recurrent and advanced USC (16).

Patterns of recurrence and metastasis may provide prognostic

information for EC. For example, patients with single-site local or

nodal recurrence of EC have been associated with improved survival

compared to those with pelvic recurrence or distant metastasis (17,

18), while patients with peritoneal carcinomatosis or multiple sites

of recurrence have significantly worse post-relapse survival

rates (18).

Comprehensive genomic analysis of USC provides a clearer

understanding of the molecular pathways involved in oncogenesis

(19). Knowledge of the somatic mutations may help predict patterns

of metastases and recurrence in various cancers, including

urothelial cancer, where patients with TP53 mutations are at a

higher risk of lymph nodes metastases (12, 20–22).

The primary objective of this study is to investigate the

association of somatic mutations occurring in a diverse patient

population diagnosed with USC to the patterns of metastases,

recurrence, overall survival (OS) and recurrence free survival (RFS).
Materials and methods

Patients and histopathologic data

This institutional review board (IRB)-approved, Health

Insurance Portability and Accountability Act (HIPAA)-compliant

retrospective study was performed at a single institution on

consecutive patients diagnosed with USC who underwent somatic

molecular testing between January 2015 and July 2021. Patients

were excluded for 1) non-serous or mixed histology, or 2) data on

recurrence or metastasis was not available in the electronic medical

records (EMR).
Clinical and histopathologic data

Medical records in the EMR were reviewed to extract

clinicopathologic data of the patients by (C.L.) (M.M.) (N.G.)

(M.H.). The collected information included demographics; date

and stage at diagnosis; histopathology and genomic testing results;

initial treatment (systemic therapy, radiotherapy, or surgery); date
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and sites of metastatic and recurrent disease; treatment modality for

recurrent disease; progression date; and date of death or last

follow-up.
Imaging review

Cross-sectional images (Computed tomography (CT) of the

chest, abdomen, and pelvis; FDG- Positron emission tomography

(PET)/CT, and Magnetic resonance Imaging (MRI)) and reports

were reviewed initially by a cancer imaging fellow (C.L.) and

separately by a fellowship-trained cancer imaging radiologist with

5 years of experience (F.A.). Discrepancies were resolved by

consensus between the two radiologists. The date of the first

imaging showing metastasis or recurrence was recorded. Reports

and images, when available, were analyzed to record sites of

metastatic or recurrent disease, including pelvis, lung, liver,

pleura, lymph nodes, peritoneum, bones, brain, and muscle for all

patients. Lymph node involvement was determined by short-axis

diameter ≥1.0 cm. Any new lesion identified at follow-up imaging

after curative treatment was defined as recurrence based on

pathologic confirmation whenever possible, or if it showed

unequivocal growth on follow-up imaging, defined as >20%

increase in the sum of diameters compared to baseline or nadir

(with an absolute increase of at least 5 mm) according to RECIST

1.1 (23). Any extrauterine lesion present before curative treatment

was performed was considered metastatic, based on pathologic

confirmation whenever possible, or if it showed unequivocal

growth on follow-up imaging exams according to RECIST 1.1 (23).
Molecular testing

Molecular profiling was performed with immunohistochemistry

(IHC) and next-generation sequencing (NGS) on either the primary

tissue at diagnosis or from tissue obtained at recurrence. A board-

certified gynecologic oncologist (M.H.) assigned a TCGA cluster

based on the mutational profile (10). IHC and molecular testing

was performed using either Caris Life Sciences (Caris Life Sciences,

Phoenix, AZ, USA) or FoundationOne CDx (Foundation medicine

inc., Cambridge, MA, USA) genomic profiling assays.

The IHC assays were performed using FDA-approved

companion diagnostic or FDA-cleared tests consistent with the

manufacturer’s instructions: ALK (Ventana ALK (D5F3)

CDxAssay; ER (confirm anti-estrogen receptor ER, SP1, Ventana;

FOLR1 (Ventana FOLR1-2.1 RxDx, Ventana; PR (confirm anti-

progesterone PR (1E2), Ventana); HER2/neu (pathway anti-HER-

2/neu (4B5), Ventana; PD-L1 22c3. pharmDx, Dako; Mismatch

repair (MMR) proteins (MLH1, MSH2, MSH6, and PMS2; Ventana

MMR RxDx Panel, Ventana). For ER/PR, staining intensity was

classified as 0, 1+, 2+, 3+. The intensity thresholds for a positive test

for ER were >/= 2+ with >/= 75% or >/=3+ with >/=50% of cells

stained, for PR were >/=1+ and >/= 10% of cells stained.
Frontiers in Oncology 03
Regarding molecular testing, details of specific NGS testing are

available from Caris Life Sciences or FoundationOne CDx (24, 25).

Among the genes covered, we focused our mutational analysis on

the 12 genes most frequently mutated in this cohort.
Statistical analysis

Categorical variables were summarized using frequencies and

percentages and the continuous variable, age, was summarized

using mean and standard deviation. Different genetic aberrations

involving the same gene were grouped under that gene. The

association of mutational status with the location of metastases or

recurrence was assessed using Chi-square tests or Fisher’s exact tests

when 20% or more of the frequency cells had expected counts less

than 5.

OS was measured from the date of initial diagnosis of USC to

death from any cause, censored at the date of the last follow-up in

alive patients. Stratified Kaplan-Meier survival curves were

generated, and univariable Cox proportional hazards regression

was used to examine the association of ethnicity, race, mutational

status, sites of recurrence or metastases with OS. OS curves were

computed in all patients. Statistical significance was determined

through the log-rank test. A p-value <0.05 was considered

statistically significant.

Multivariable Cox proportional hazard regression with

backward stepwise selection was performed with OS as response.

The variables that had log-rank p-values<0.20 and sample size > 50

were used as the predictors in the model. Likelihood Ratio tests were

used to test model predictability and test significance for additional

individual and/or collection of variables. Hazards ratios and 95%

CIs were calculated in each model to determine association and

significant predictors of survival. Statistical computations were

performed, and output was generated using SAS Software Version

9.4 (The SAS Institute, Cary, NC).
Results

Patient characteristics

From a total of 134 patients with EC who underwent genomic

profiling, 67 patients with USC were included in the final study

analysis. Fifty-eight patients with endometrioid histology, 5 patients

with clear cell histology, 3 patients with mixed histology, and 1

patient with no data on recurrence or metastasis were excluded.

Characteristics of the included subjects are summarized in Table 1.

The average age was 65.8 years (Standard Deviation=8.3 years).

Fifty-two patients were non-Hispanic (78%), 33 patients were Black

(49%), 32 were White (48%), 1 was Asian (1.5%), and 1 patient self-

reported multi-racial (1.5%). Thirty-three patients had evidence of

metastases at time of diagnosis (49.2%), 27 patients had evidence of

recurrence during follow-up (40.3%), and 7 patients did not show
frontiersin.org
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evidence of recurrence or metastasis during follow-up (10.5%).

Median follow up was 21 months (range 20 days-10.2 years).
Molecular aberrations

Molecular profiling was performed on primary tissue at

diagnosis on 45/67 patients (67%), on tissue obtained at

recurrence in 20/67 patients (30%). In 2/67 patients (3%),
Frontiers in Oncology 04
molecular profiling was not performed. The most frequently

mutated genes identified on NGS were TP53 (55/58 patients;

94.8%), followed by PIK3CA (14/61 patients; 22.9%), and ERBB2

(12/37 patients; 32%) (Table 1). A high tumor mutational burden

(TMB) was identified in 14/51 patients (27.5%). On IHC, PTEN was

expressed in 51/56 patients (91.1%), ER was expressed in 43/65

patients (66.2%), PR in 24/65 patients (36.9%). None of the patients

expressed MMR gene mutation or microsatellite instability

(MSI) (Table 1).

Fifty-three patients were classified as TCGA copy-number high

(79%), six patients as TCGA copy-number low (9%), and 8 patients

could not be classified (12%) based on mutational profile.
Location of metastases and recurrence

Thirty-three patients (49.2%) had evidence of metastases at

time of diagnosis (7 on biopsy, 18 on CT, 1 on MRI and 7 on PET/

CT), 27 patients (40.3%) had evidence of recurrence during follow-

up (3 on biopsy, 13 on CT, and 11 on PET/CT), and 7 patients

(10.5%) did not show evidence of metastasis or recurrence during

follow-up (Table 1).

The sites of metastasis and recurrence are summarized in

Figure 1. The most common sites of metastasis were the

peritoneum (29/33, 88%), followed by lymph nodes (18/33, 55%)

and in the pelvis (14/33, 42%). The most common site of recurrence

was lymph nodes (18/27, 67%), followed by peritoneal implants (8/

27, 30%) and vaginal cuff (6/27, 22%).
Association of mutational status with
ethnicity, metastatic and recurrent disease
with survival

PR was expressed on IHC more commonly in patients with

lymph node metastases (p=0.02), and in non-Hispanic patients

(p=0.01). ERBB2 was more commonly mutated in patients with

vaginal cuff recurrence (p=0.02), while PIK3CA was more

commonly mutated in patients with liver metastases (p=0.048).
TABLE 1 Clinical characteristics of 67 patients with uterine
serous carcinoma.

Characteristic Number

Age (mean, standard deviation, in years), range 65.8 +/- 8.3, 44-82

Race

Black
White
Asian
More than one

33 (49.2%)
32 (47.8%)
1 (1.5%)
1 (1.5%)

Ethnicity

Hispanic
Non-Hispanic

15 (22.4%)
52 (77.6%)

Treatment

Surgery 52 (78%)

TAH
“ + BSO
“ + BSO + PLND
“ + BSO + PLND + Omentectomy and debulking

2
2
10
38

Initial chemotherapy 65 (97%)

Carboplatin
“ + Paclitaxel
“ + Paclitaxel + Bevacizumab
“ + Paclitaxel + Herceptin
“ + Paclitaxel + Pembrolizumab
“ + Taxotere
“ + Taxotere + Bevacizumab

2
55
4
1
1
1
1

Radiation therapy 23 (34.3%)

FIGO Stage at diagnosis

I
II
III
IV

13 (19.4%)
3 (4.5%)
18 (26.9%)
33 (49.2%)

Metastatic disease 33 (49.2%)

Recurrent disease 27 (40.3%)

Mutational status

TP53
PIK3CA
FBXW7
ARID1A
PTEN
BRCA1
BRCA2
CTNNB1

55/58 (94.8%)
14/61 (22.9%)
10/60 (15%)
3/32 (9.4%)
5/57 (8.7%)
2/57 (3.5%)
2/57 (3.5%)
1/58 (1.7%)

(Continued)
TABLE 1 Continued

Characteristic Number

ERBB2 alterations
AKT1,2,3
KRAS

12/37 (32.4%)
2/61 (3.3%)
1/61 (1.6%)

Immunohistochemistry

ER
PR
PTEN
TOP2A
TOP01
RRM1
MGMT
TS
TUBB3

43/65 (66.2%)
24/65 (36.9%)
51/56 (91.1%)
20/22 (90.9%)
14/22 (63.6%)
4/20 (20%)
3/5 (60%)
10/22 (45.5%)
11/22 (50%)
TAH, total hysterectomy; BSO, Bilateral salpingoophorectomy; PLND, pelvic lymph
node dissection.
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Peritoneal metastases were significantly more common in Non-

Hispanic patients (p=0.04). No other associations between

mutations, ethnicity, sites of metastatic and recurrent disease

were identified.

ARID1Amutation was associated with lower OS (mean OS: 10.2

months vs 60.9 months; Hazard Ratio (HR): 31.87; (95% CI: 3.21,

316.9)). Presence of recurrence or metastases to the liver was

associated with lower OS (mean OS: 48.8 months vs 58.4 months;

HR: 5.66; (95% CI: 1.2, 26.79)) (Figures 2, 3).
Predictive survival model

A Cox proportional hazards model was selected using a

backward stepwise selection process starting with a fully adjusted

model. The fully adjusted model included AKT1,2,3 mutations,

presence of recurrence or metastases to the liver, peritoneum,
Frontiers in Oncology 05
lymph nodes, lungs and a race dummy variable defined as Black

or not Black. The predicters in the full model all had log rank p-

values<0.20 except for race (p-value=0.59). The Full model was

reduced 4 times based on the Wald test statistics for individual

variables and the Likelihood Ratio tests (-2 Log Likelihood)

resulting in a bivariable Cox model with a total of 60 cases. The

final model included presence of recurrence or metastases to the

liver, and presence of recurrence or metastases to the peritoneum as

predictors (HR: 9.8; 95% CI: 1.85, 52.7; p=0.007 and HR: 2.7; 95%

CI: 1.02, 7.1; p=0.04, respectively) (Table 2).
Discussion

With advances in genomic testing and improved understanding

of cancer biology, an increasing number of cancer patients undergo

mutational testing to identify potential targeted treatment options.

As we gain more insight into the impact of the mutational make-up

of cancer on prognosis, understanding its associations to known

clinicopathologic factors is crucial. Our study cohort was largely

comprised of minority Hispanic and Black women that were poorly

represented in prior TCGA data and in the PanCancer Atlas (26).

Furthermore, 40% of our patients had evidence of recurrence

during follow-up while 49% of patients had metastatic disease at

diagnosis. This is significantly higher than the TCGA cohort, where

32% presented with recurrence and only 11% had metastatic disease

at diagnosis (10).

We showed that TP53, PIK3CA and ERBB2 are often mutated in

USC, consistent with TGCA data. In our cohort, 79% of cases were

classified as copy-number high, consistent with TCGA data, where

77% of cases with serous histology were classified as such (10). In a

recent study by Watanabe et al. on 100 EC cases, TP53 mutations

were associated with non-endometrioid histology (12). Several
FIGURE 1

Sites of metastases (blue) and recurrence (orange) in women with USC.
FIGURE 2

Kaplan-Meier OS curve for women with ARID1A mutations (red)
versus women without ARID1A mutation (blue). ARID1A mutation
was associated with shorter OS (mean, 10.2 months vs 60.9 months;
Cox proportional hazard model - Hazard Ratio: 31.87; 95% CI: 3.21,
316.9; p<0.001). Numbers at the bottom of the graph refers to the
number of women with ARID1A mutations (red) versus women
without ARID1A mutation (blue) at risk at a determinate timepoint.
FIGURE 3

Kaplan-Meier OS curve for women with evidence of liver
metastases/recurrence (red) versus women with no evidence or liver
metastases or recurrence (blue). Presence of liver metastases/
recurrence was associated with shorter OS (mean, 48.8 months vs
58.4 months; Cox proportional hazard model - Hazard Ratio: 5.66;
95% CI: 1.2, 26.79; p=0.01). Numbers at the bottom of the graph
refers to the number of women with evidence of liver metastases/
recurrence (red) versus women with no evidence or liver metastases
or recurrence (blue) at risk at a determinate timepoint.
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TABLE 2 Univariable and multivariable Cox proportional hazard regression analysis of survival in patients with uterine serous carcinoma.

ed Model 2
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Univariable Models Full Model (n=50) Reduced Model 1
(n=50)

Redu

Variable HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value HR (95%

Recurrence/Metastases
Liver

0.029 0.365 0.366

ref ref ref ref

5.66 (1.20-26.79) 3.11 (0.27-36.27) 3.21 (0.26-40.44) 5.27 (0.73-3

Recurrence/Metastases
Peritoneum

0.098 0.044 0.024

ref ref ref ref

2.14 (0.87-5.25) 3.53 (1.03-12.03) 3.91 (1.19-12.84) 2.88 (1.09-

Recurrence/Metastases
Lung

0.099 0.268 0.325

ref ref ref ref

3.13 (0.81-12.10) 2.92 (0.44-19.42) 2.61 (0.39-17.73) 2.95 (0.55-1

Black 0.587 0.448 0.377

ref ref ref ref

1.26 (0.55-2.88) 1.49 (0.53-4.19) 1.59 (0.57-4.44) 1.02 (0.43-2

AKT1,2,3 0.114 0.432 0.481

ref ref ref

5.46 (0.67-44.66) 4.34 (0.11-168.65)
3.65 (0.10-
133.79)

Recurrence/Metastases
Lymph Nodes

0.130 0.473

ref ref

0.52 (0.22-1.23) 0.68 (0.24-1.94)

ARID1A 0.003

ref

31.87 (3.21-
316.9)

HR: Hazard Ratio; CI: Confidence Interval.
Bold values relate to the p value <0.05.
c
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studies have demonstrated that human epidermal growth factor

receptor 2 (HER2) a tyrosine kinase increasing cell proliferation

encoded by ERBB2, is frequently overexpressed in USC (27–29).

HER2 overexpression has also been associated with advanced-stage

disease, and poorer survival outcomes in USC (25). Few ARID1A

gene mutations in were identified in our cohort, consistent with the

findings of the PanCancer Atlas, where ARID1A gene mutations

were identified in 13% of cases (26, 30). Mutations in ARID1A in EC

have been associated with promoting tumor invasion and

metastasis, which may shed light on the significant mortality

among women diagnosed with USCs (30).

In our cohort, ER and PTEN are expressed in the majority of

USC on IHC. A study on 1054 women with EC showed that ER,

though more common in type I EC, was expressed in 72% of type II

EC (31). A study on 56 high grade EC showed that majority of USC

were positive for PTEN on IHC (32). A study on 221 women with

EC, showed that loss of PTEN expression was associated with

endometrioid histology and favorable survival (33).

In our study, FBXW7 was mutated in 15% of USC. No

association between FBXW7 mutations, ethnicity and race was

identified in our study. FBXW7 was mutated in 29 out of 109

(27%) USC included in the PanCancer Atlas. In a study on 66 USC,

FBXW7 mutations were identified in 18.2% of cases (11). On the

study by Watanabe et al., FBWX7 mutations were associated with

late-stage, vascular invasion, and lymph node metastasis (12).

In our cohort, USC most commonly metastasized to lymph

nodes, peritoneum and pelvic organs, while recurrences were

mostly nodal, peritoneal and at the vaginal cuff. These findings

are similar to two prior studies: a study on 841 EC, which showed

that the most common sites of recurrence of USC was the abdomen,

including ascites, followed by the vaginal cuff and a study on 50

USC, which showed that the most common sites of metastases of

USC were the lymph nodes, pelvic organs and peritoneum/

omentum (13, 14).

In our study, PR expression was associated with non-Hispanic

ethnicity and nodal metastases. A study on 99 endometrioid EC

showed that nodal metastases correlated with negative PR status on

IHC (34). This discrepancy may be related to the different

histologies. The association between non-Hispanic ethnicity and

PR expression is unclear.

We found that ERBB2 alterations were more common in

patients with vaginal cuff recurrence and PIK3CA mutation was

more common in patients with liver metastases. ERBB2

amplifications are associated with higher stage, chemoresistance,

and lower survival, especially in Black patients (35, 36).

Trastuzumab, a HER2/neu receptor inhibitor monoclonal

antibody, demonstrated increased progression free survival when

added to carboplatin paclitaxel, in patients with USC and ERBB2

overexpression (37). This highlights the significance of somatic

tumor testing either at diagnosis or at recurrence to aid in

prioritizing treatment options.

Women with presence of recurrence or metastases to the liver

and ARID1A mutations had lower OS. A study on 86 recurrent EC,
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showed that recurrence to the liver was associated with lower OS,

with an HR of 10 [3.72–26.81 95% CI] (14). A metanalysis on the

prognostic significance of ARID1A in endometrium-related

gynecological cancers showed that negative ARID1A expression

predicted shorter progression free survival (38). ARID1Amutations

affects multiple pathways, and may mediate resistance to platinum

chemotherapy, possibly explaining the lower OS observed in our

study (39). Therapies targeting the pathways affected by ARID1A

mutations, such as poly(ADP-ribose) polymerase inhibitors,

immune checkpoint inhibitors and mTOR inhibitors, have shown

activity in preclinical models and in patient, and could be

implemented in patients with ARID1A-mutated USC (40, 41).

Finally, on multivariable Cox proportional hazards regression

analysis, the presence of recurrence or metastases to the liver and/or

the peritoneum were independently associated with shorter OS

regardless of their mutational status, race, ethnicity or other sites of

recurrence or metastases. Various studies attempted to build

predictive survival models for USC, including a study by Chen

et al. on 110 women with USC which showed that a combination of

mutated genes, a 4-gene signature, was predictive of OS (42).

Differently from our study, their model did not include sites of

metastases or survival as potential predictors. Knowledge of the

associations between survival data and sites of recurrence or

metastases of USC is valuable: it allows for a more accurate risk

stratification and helps the oncologists and radiologists to

potentially formulate more appropriate follow-up strategies (43).

Some limitations of this study should be noted. This is a

retrospective study performed at a single institution with inherent

selection bias. The relatively small patient cohort and the widely

variable follow-up period may have limited the power in detection

of some of the associations between mutations and patterns of

metastases and recurrence, as well as the prognostic values of

mutations. Furthermore, our sample included only patients with

USC selected from a tertiary cancer center and may not be

representative of patients treated at a community hospital. We

grouped different genetic aberrations involving the same gene under

that gene to facilitate analysis until additional data are available.

This methodology has also been previously utilized and reported

(11, 21).

One of the significant strengths of this study is the cohort of

Hispanic and Black women diagnosed with USC with genomic

testing. Our study showed that mutational status of USC had

implications on pattern of metastases and survival, and that sites

of recurrence and metastases influence survival. These findings

should be assessed in larger studies, to confirm our findings and

may be valuable for future trial design.
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