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An increase in the risk of developing uterine serous carcinoma (USC) has been observed among BRCA1 and
BRCA2 germline pathogenic variant carriers in the published literature. However, routine germline genetic
testing is not currently incorporated into USC management guidelines. The primary objective of this study is to
define the incidence of germline pathogenic variants identified through genetic counseling referrals for USC
patients at our institution. A retrospective cohort study was performed of patients diagnosed with USC at a single
institution over a seven-year interval. A total of 91 patients with uterine serous carcinoma were identified.
Almost half of the patients were referred to genetic counseling, and just over half of referred patients (24/43,
56%) ultimately underwent germline genetic testing. Pathogenic variants were noted in 12.5% (3/24) of the
patients who were tested. Pathogenic mutations were found in BRCAI, BRCA2, and MSH6. Variants of unknown
significance (VUS) were seen in 16.6% (4/24) of patients. Based on our findings, we recommend integration of

germline testing into the standard management of patients with USC.

1. Introduction

It is estimated that approximately 67,880 new cases of uterine cancer
will be diagnosed in 2024 (American Cancer Society, 2024). A rising
incidence of endometrial cancer has been observed in the past decade by
about 1 % per year in white women and 2-3 % per year in women of all
other racial/ethnic groups (American Cancer Society, 2024).

There are multiple histologic subtypes of endometrial adenocarci-
noma, with unique molecular profiles and clinical behaviors. The Cancer
Genome Atlas (TCGA) molecular classification identifies four distinct
genetic subgroups: POLE (ultramutated), microsatellite instability (MSI,
hypermutated), copy-number low (endometrioid), and copy-number
high (serous-like) (Cancer Genome Atlas Research Network, 2013;
Alexa et al., 2021). The histologic subtype uterine serous carcinoma
(USC) falls within the copy-number high molecular subgroup and is
characterized by TP53 mutation. USC is both genetically and clinically
similar to high-grade serous ovarian carcinoma (HGSC), with a

propensity for earlier distant metastases and a poorer clinical prognosis
than other histologic subtypes.

Based on these similarities, it has been proposed that USC may be
associated with germline or somatic genetic alterations in the same
genes altered in HGSC, such as BRCAI and BRCA2 (Pennington et al.,
2013; de Jonge et al., 2021; Thompson and Easton, 2002; Shu et al.,
2016). In support of this association, a 12-fold and a 5-fold increased risk
of developing USC has been observed for BRCA1 and BRCA2 germline
pathogenic variant carriers, respectively, compared to the general
population (de Jonge et al., 2021). The Breast Cancer Linkage Con-
sortium showed an increased risk of developing uterine cancer in BRCA1
mutation carriers (Thompson and Easton, 2002). Thus, screening for
germline BRCA1/2 pathogenic variants has been proposed as a consid-
eration for USC (Pennington et al., 2013). However, such testing is not
currently uniformly incorporated into guidelines by the National
Comprehensive Cancer Network (NCCN) or other national organiza-
tions. Current NCCN guidelines state “consider germline testing” in
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Table 1
Patient demographics.
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All Referred Not Referred p-value Pathogenic Variant (#)
(n=91) (n =43) (n = 48)
Age
Median, IQR* — yr 69.6 (51, 90) 69.0 (51, 90) 70.2 (56, 83) 0.504
Race — # (%)
White 73(80.2) 35 (47.9) 38 (52.1) 0.935 3
Black 14 (15.4) 6 (42.9) 8(57.1) 0
Asian 3(3.3) 1(33.3) 2 (66.7) 0
Other/Unknown 1(1.1) 1(100) 0 (0) 0
Hispanic/Non-Hispanic — # (%)
Non-Hispanic 89 (97.8) 42 (47.2) 47 (52.8) >0.999 3
Hispanic 2(2.2) 1 (50) 1 (50) 0
Stage at Diagnosis — # (%)
1A 43 (47.3) 16 (37.2) 27 (62.7) 0.461 1
1B 10 (10.9) 4 (40) 6 (60) 0
I 8(8.8) 7 (87.5) 1(12.5) 1
A 11 (12.1) 7 (63.6) 4 (36.3) 0
111B 0 (0) 0 (0) 0 (0) 0
1IC1 3(.3) 2 (66.7) 1(33.3) 1
1mc2 3(3.3) 1(33.3) 2 (66.7) 0
IVA 1(1.1) 0 (0) 1(100) 0
IVB 12 (13.2) 6 (50) 6 (50) 0
History of Breast Cancer — # (%)
Yes 8(8.8) 5 (62.5) 3(37.5) 0.469 0
No 83(91.2) 38 (45.8) 45 (54.2) 3

" IQR: inter-quartile range.

 To calculate p-values, the categories were collapsed to eliminate zero value entries. Race was collapsed to White, Black, Asian + Other. Stage was collapsed to I, II,

0L, IV.

patients diagnosed with uterine neoplasms (Abu-Rustum et al., 2023), in
contrast to the stronger recommendation that ovarian cancer patients
“should be referred for a genetic risk evaluation and germline... testing”
(Armstrong et al., 2022).

In 2017, our gynecologic oncology division integrated into our
multidisciplinary tumor board conference the recommendation of ge-
netic counseling referral for patients diagnosed with USC. The purpose
of this current study is to define the incidence of germline pathogenic
variants identified through genetic counseling referrals for USC patients
at our institution.

2. Methods

We conducted a retrospective analysis of patients diagnosed with
USC at the University of Michigan during the seven-year interval from 1/
1/2017 through 12/31/2023. We reviewed medical records and docu-
mented patient demographics, cancer stage, personal history of breast
cancer, whether or not the patient was referred to genetic counseling, if
the patient underwent genetic counseling and germline testing, the
number of genes evaluated, and results of this testing. Statistical com-
parisons between the patients that were referred and were not referred
were carried out using Student’s t-test for the continuous variable of age
and chi-squared or Fisher’s exact test for the categorical variables as
appropriate. A p-value of less than 0.05 was considered statistically
significant. This study was reviewed and approved (exempt) by the
University of Michigan Institutional Review Board (HUM00119046).

3. Results
A total of 91 patients with USC were identified during the queried

interval (Table 1). Among those patients, the median age was 69.6 years
(range 51-90), 80 % were white, and 98 % were non-Hispanic. Fifty-

eight percent of patients (N=53/91) had stage I disease at the time of
diagnosis, whereas 33 % (N=30/91) had stage III or IV disease. Eight
patients (8 %) had a history of breast cancer prior to endometrial cancer
diagnosis.

Of these 91 patients in our overall cohort, 43 (47.2 %) were referred
to cancer genetics at the University of Michigan. There was no statisti-
cally significant difference in age, race, Hispanic identity, stage, or
history of breast cancer between the referred and not referred pop-
ulations (Table 1). Stage I disease trended toward patients not being
referred (33 patients with stage I disease in the not referred group versus
20 patients in the referred group, p = 0.461, Table 1). Just over half of
referred patients (24 out of 43, 56 %) elected to pursue germline genetic
testing (Fig. 1). Panels utilized for testing ranged from 1 to 86 genes
tested, with the one gene panel used for a patient with family history of a
MSH6 pathogenic variant. Excluding that patient, the number of genes
tested in the panels utilized ranged from 13 to 86, with a median of 36
genes included. Commercially available panels were used for all patients
except one, who underwent testing using an in-house panel at their
hospital.

Pathogenic variants were noted in 12.5 % (3/24) of the patients who
underwent genetic testing. Pathogenic mutations involved a diverse
group of genes (Table 2), including BRCA1, BRCA2, and MSH6. The
patient with the MSH6 mutation was known to be a carrier prior to the
diagnosis of endometrial cancer. Her USC was detected through an
annual endometrial biopsy performed as part of her Lynch Syndrome
cancer screening and she had stage IA disease (FIGO 2018 staging) at the
time of diagnosis.

Variants of unknown significance (VUS) were seen in 16.6 % (4/24)
of patients. VUS were detected in both PALB2 and RAD50 in one patient,
POLE, both POLD1 and SDHA in one patient, and BRCAI.

To further assess the impact of these findings on cancer detection and
risk reduction, we assessed the frequency of cascade testing among the
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Table 2
Pathogenic variants identified on germline testing.

Gene Rate Molecular Function

BRCA1 1/24 (4.2 Tumor suppressor gene; role in DNA double-strand break
%) repair by regulation of homologous recombination

BRCA2 1/24 (4.2 Tumor suppressor gene; role in DNA double-strand break
%) repair by regulation of homologous recombination

MSH6 1/24 (4.2 DNA mismatch repair (MMR) gene

%)

families of patients determined to carry pathogenic variants. All patients
in whom a germline pathogenic variant is detected are provided with a
letter summarizing the findings to give to their family members. In
assessing cascade testing among our cohort, we determined that for the
patient with a BRCA1 germline pathogenic variant, two first-degree and
one second-degree family member tested positive for the same patho-
genic variant. For the patient with the BRCA2 germline pathogenic
variant, all four of her children were tested and two of them tested
positive.

4. Discussion

In this study, we assessed the outcomes of genetic counseling and
germline genetic testing for women diagnosed with USC over the past
seven years at our institution. This testing yielded an overall pathogenic
variant rate of 12.5 % for patients with USC, with 8.3 % associated with
BRCA1/2. These findings in combination with previous reports support
the association between USC and hereditary breast and ovarian cancer
syndrome.

The germline pathogenic variant rates reported herein are in align-
ment with those previously reported in the USC population (Pennington
et al., 2013; Thompson and Easton, 2002). A previous study looking at
the frequency of mutation in 30 tumor suppressor genes among speci-
mens from 151 women with USC and no personal history of breast
cancer at the time of testing demonstrated a 4.6 % pathogenic variant
rate, with 2 % within BRCAI (Pennington et al., 2013). Factors

potentially contributing to the higher rate of detecting pathogenic var-
iants in our population than in this previous study are the fact that our
study did not exclude patients with a personal history or family history
of breast cancer as well as our small sample size of tested patients.
Approximately 8 % of patients in our study had a personal diagnosis of
breast cancer, although none of these patients had a pathogenic variant
on germline testing (Table 1).

Additionally, it is noted that in our study, despite attempts to inte-
grate genetic counseling referrals into our multidisciplinary tumor
board recommendations, referrals were submitted for only approxi-
mately half of USC patients. There were no statistically significant pre-
dictors of which patients were not referred (Table 1), although there was
a trend toward patients with stage I disease not receiving a referral. If
consider the hypothetical situation in which everyone who did not un-
dergo testing in our cohort had a negative test (a conservative estimate),
the overall pathogenic variant rate would be 3.3 % (3/91). We believe
that this pathogenic variant rate still warrants routine germline testing.

Our data add significantly to the literature by demonstrating the role
of genetic counseling and testing to both detect clinically actionable
pathogenic variants and to provide the opportunity for cascade testing of
family members. The identification of BRCA pathogenic variants among
women with USC adds to the literature supporting hysterectomy in
BRCA carriers at the time of risk-reducing bilateral salpingo-
oophorectomy (Shu et al., 2016). Furthermore, in our study, we found
documentation of five additional individuals that tested positive for
pathogenic variants for BRCA genes through cascade testing, providing
the opportunity for risk-reducing strategies in these individuals.

Additionally, one subject in our cohort (4.1 %) had a germline MSH6
pathogenic variant that had been identified prior to her uterine cancer
diagnosis due screening recommended as part of management of a
known Lynch Syndrome family. Data suggest that the likelihood of
Lynch Syndrome in patients with USC is much lower than that in pa-
tients with endometrioid endometrial carcinomas (Pennington et al.,
2013; Meyer et al., 2009). However, the diagnosis of Lynch Syndrome
through genetic testing triggered by USC pathology diagnosis has many
beneficial implications including treatment options, additional cancer
screening for the patient, and family member cascade testing and
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subsequent risk-tailored cancer screening.

In addition to our detection of pathogenic variants, a number of
patients also were noted to harbor germline variants of undetermined
significance (VUS). Our observed rate of VUS in 16.6 % of patients is
lower than the 32.6 % VUS rate for multi-gene panels in one recent
report (Rehm et al., 2023).

Finally, the identification of pathogenic variants has important im-
plications for potential treatment options for patients. The recent phase
III DUO-E study investigated the efficacy of chemotherapy alone versus
chemotherapy plus immunotherapy versus chemotherapy plus immu-
notherapy plus poly (ADP-ribose) polymerase (PARP) inhibition in
newly diagnosed advanced or recurrent endometrial cancer (Westin
et al., 2023). Twenty percent of study patients had USC. This study
found a 45 % reduction in disease progression or death with immuno-
therapy plus PARP inhibition with chemotherapy arm and a 29 %
reduction with immunotherapy with chemotherapy arm compared with
chemotherapy only control arm. As with HGSC arising from the ovaries,
the largest responses may be in patients with alterations in homologous
recombination repair pathway genes, such as BRCA1 and BRCAZ2.
Additionally, USC patients with pathogenic variants that result in ho-
mologous recombination deficiency may benefit from PARP inhibitor
maintenance following systemic chemotherapy. Thus, routine tumor
testing including assessment of homologous recombination deficiency
and somatic BRCA1/2 gene alterations can further expand the pool of
patients potentially eligible for PARP inhibitor therapy.

Strengths of our study include assessment of a structured approach to
genetic counseling and testing of USC patients, as well as the ability to
robustly collect the data across their clinical care as both gynecologic
oncology care and genetic counseling were performed at the same
institution. Limitations include the small sample size with a proportion
of patients that did not undergo testing, as discussed above. Therefore,
the absolute number of patients with pathogenic variants in this cohort
is relatively small.

In conclusion, we found that germline genetic testing of USC patients
identified a subset of patients with germline pathogenic variants. We
found an overall pathogenic variant rate of 12.5 % (3/24), with alter-
ations in BRCA1, BRCA2 and MSH6 genes. These results have significant
implications for cancer screening for the patient, potential cancer
treatment options for the patient, and genetic testing and screening
benefits for family members. Based on the findings of this study, we
strongly recommend that germline genetic testing be integrated as a
routine test into the standard management of patients with newly
diagnosed USC.
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