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Summary Synchronous endometrial and ovarian carcinomas) represent 5% to 10% of endometrial or ovar-
ian carcinomas. We assessed genetic alterations (in PTEN, CTNNB1, POLE, etc) and evaluated correlations
with patient outcomes to determine the utility of clonality analyses for differentiating between metastases
and concurrent primary tumors and for determining whether genetic alterations in synchronous tumors are
predictive of biological behavior. Genomic DNA was isolated from formalin-fixed, paraffin-embedded tis-

¥OLE; T sues and frozen tissues from patients with synchronous endometrial and ovarian carcinomas. Samples were
umior mutation burdens obtained from the Department of Obstetrics and Gynecology at the Shimane University School of Medicine
Checkpoint blockade

between 2003 and 2017. Sanger sequencing was used to analyze the mutational status of the coding exons in
TP53, PTEN, POLE, PIK3CA, KRAS, and CTNNBI using previously published primers. All patients lived,
and 3 had disease recurrence. The frequencies of somatic mutations in 7P53, PTEN, CTNNB1, KRAS, and
POLE were 3 (37.5%), 2 (25.0%), 3 (37.5%), 0 (0.0%), and 5 (62.5%) of 8 cases in ovarian tumors and 3
(37.5%), 2 (25.0%), 3 (37.5%), 1 (12.5%), and 5 (62.5%) of 8§ cases in endometrial tumors, respectively.
The frequencies of POLE and CTNNBI mutations were higher than those in previous reports. A clonal re-
lationship was determined by genomic analyses in 3 of 6 cases that were initially diagnosed as primary in-
dependent tumors. We confirmed that these 3 cases were indicated metastatic tumors because the lesion of
mutation was the same. This information, provided by the sequencing-based strategy, could be useful for
hypothesizing a patient's prognosis and deciding on treatment.

© 2018 Published by Elsevier Inc.

immune therapies

1. Introduction
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primary tumors or metastatic disease has critical implications
for prognosis and patient management [3-5]. Typically, pa-
tients with SEOs (endometrioid/endometrioid) have a good
prognosis, even if they are in an advanced stage, and clinical
trials have been performed to evaluate treatment with adjuvant
therapy; however, the reasons for a good prognosis have not
been established.

Several recent studies have identified synchronous tu-
mors that exhibit clonality by deep sequencing and paral-
lel sequencing approaches [6-8]. Endometrioid ovarian and
endometrioid endometrial tumors also share some molecular
features, including microsatellite instability, 7P53 loss, and
nuclear f-catenin expression (indicative of CTNNBI activating
mutations). In this study, mutations in various genes (eg,
POLE, PTEN, KRAS, and PIK3CA) were evaluated in patients
with SEOs to determine the association between mutations
and patient survival and to characterize tumor profiles using
a molecular approach. In particular, the objectives of the cur-
rent study were to determine the clonal relationship between
simultaneously diagnosed endometrial and ovarian carcino-
mas to identify primary or metastatic carcinomas.

2. Materials and methods
2.1. Tissue samples

Nine patients diagnosed as having SEOs receiving surgery
and systematic chemotherapy were included in the study. Di-
agnoses were confirmed by a pathologist at our institution.
He was trained as a gynecopathologist at our institution. All
patients were primarily treated with cytoreductive surgery
and adjuvant platinum and taxane chemotherapy (carboplatin
CBDCA ; [AUCS3], paclitaxel PTX ; 175 mg/m?, or docetaxel
DTX ; 70 mg/m?). All patients received 6 to 12 courses of this
regimen. When patients had disease recurrence, the second-
line chemotherapy regimen included doxorubicin hydrochlo-
ride (pegylated liposomal PLD;) and carboplatin for patients
with platinum-sensitive ovarian carcinoma and gemcitabine
hydrochloride GEM;, doxorubicin hydrochloride (pegylated
liposomal), topotecan hydrochloride TPT ; alone, and bevaci-
zumab and BEV ; for patients with platinum-resistant
carcinoma.

Tissue samples were obtained from the Department of Ob-
stetrics and Gynecology at the Shimane University School of
Medicine between 2003 and 2017. The acquisition of tumor
tissues was approved by the Shimane University Institutional
Review Board (No. 20070305-1). The diagnoses were con-
firmed by a surgical pathologist before the tumor samples were
harvested for experiments. After appropriate explanation, all
patients provided written informed consent for the procedure
and for participation in the study.

Of 9 cases, 8 cases were diagnosed as dual primary tumors
by Scully's classification (Table 1) [9]. Six pairs of SEOs

Table 1 Scully's classification [9]

Independent primary tumors

1. Histologic dissimilarity of tumors

2. No or only superficial myometrial invasion of endometrial
tumor

. No vascular space invasion of endometrial tumor

. Atypical endometrial hyperplasia additionally present

Absence of other evidence of spread of endometrial tumor

Ovarian tumor unilateral (80%—90% of cases)

Ovarian tumors located mainly in parenchyma

. No vascular space invasion, surface implants, or predominant
hilar location in the ovary

9. Absence of other evidence of spread of ovarian tumor

10. Ovary endometriosis present

® N vk

classified as endometrioid type and 2 pairs of SEOs with dif-
ferent histologic types were obtained. Only 1 case was first di-
agnosed as a metastatic tumor.

2.2. DNA isolation

Tumor DNA was extracted from formalin-fixed, paraffin-
embedded tissues according to protocols for the isolation of
total DNA. Briefly, the cell pellet was obtained by centrifu-
gation for 5 minutes at 300g. Samples were lysed by adding
20 pL of proteinase K and 0.2 mL of buffer AL and incubated
at 56°C for 10 minutes. Then, 0.2 mL of 96% to 100% ethanol
was added for precipitation. The sample mixture was loaded
onto the DNeasy Mini Spin Column, QIAGEN, GERMANY.
After 2 wash steps, the DNA solution was eluted and the ali-
quot was used for further analysis. Matched normal DNA
was extracted from the nonneoplastic myometrium or periph-
eral blood.

2.3. Mutational analysis of ovarian carcinoma tissues
by Sanger sequencing

Nucleotide sequencing was used to analyze the mutational
status of TP53, PTEN, CTNNBI, and POLE in tumor cells iso-
lated from ovarian and endometrial carcinomas. The analysis
focused on exons that have been reported to harbor most mu-
tations in each gene. The primer sequences and the polymerase
chain reaction (PCR) protocol have been described in previous
reports [10-18].

DNA was extracted and amplified by PCR using primers
for exon 2 of KRAS, exons 1 to 9 of PTEN, exons 9 and 20
of PIK3CA, exons 1 to 9 of TP53, exons 9 to 14 of POLE,
and exon 3 of CTNNB/. Primers are shown in Supplementary
Table 1.

All mutations identified in tumors were confirmed by inde-
pendent PCR and Sanger sequencing in the specific tumors



Table 2  Clinicopathological factors of SEO tumors firstly diagnosed as independent tumors
Case Patient age (y) DSH First diagnosis Other malignant Family history of Surgery Adjuvant therapy Patient outcome
disease malignant disease
1 53 OC T3c endometrioid Independent  None None mRH-BSO, PLND, PAND, Chemotherapy NED 15y 8 mo
omentectomy, appendectomy  (TC3 + CAP6)
EC T1b endometrioid Radiation
(WP + PAN)

2 65 OC T1C endometrioid Gastric ca. Father: renal ca. Mother: STH-BSO, gastrectomy Chemotherapy (TC6) AWD 5y2m
EC Tla endometrioid Colon ca. gastoric ca.

3 40 OC Tlc endometrioid None Father: gastoric ca. STH-BSO, PLND, PAND, Chemotherapy (TC6) NED 8 y 1 mo
EC T1a endometrioid Mother: gastoric ca. omentectomy

Brother: gastoric ca.

4 62 OC Tla endometrioid None Father: pancreas ca. STH-BSO Chemotherapy (TC6) NED 1y 5 mo
EC T1la endometrioid Mother: gastoric ca.

5 51 OC T1b endometrioid None None mRH-BSO, PLND, PAND Chemotherapy (TC6) NED 1y 4 mo
EC T2 endometrioid

6 59 OC T3b endometrioid None None STH-BSO, omentectomy Chemotherapy (TC6 + NED 5 mo
EC T1b endometrioid BEV — BEV maintenance)

7 49 OC T3c serous None Mother: lung ca. STH-BSO, omentectomy — IDS Chemotherapy (TC4) — AWD 4 y 9 mo
EC T1b endometrioid Sister: endometrial ca. (IDS) — (DC8)

Sister: breast ca.

8 53 OC T1la mucinous Lung ca. None STH-BSO, PLND, PAND Chemotherapy (TC6) NED 12 y 8 mo
EC T1b endometrioid

9 72 EC 4B serous Metastatic None None STH-BSO, omentectomy — IDS Chemotherapy (TC4) — AWD 2y 9 mo

(IDS) — (DC8)

Abbreviations: AED, alive with disease; BEV, bevacizumab; BSO, bilateral salpingo-oophorectomys; ca., cancer; CAP, cyclophosphamide + adriamycin + cisplatin; EC, endometrial carcinoma; DSH, disease, stage,
histology; IDS, interval debulking surgery; mRH, modified radical hysterectomy; NED, no evidence of disease; OC, ovarian carcinoma; PAND, para-aortic lymphadenectomy; PLND, pelvic lymphadenectomy; STH,
simple transabdominal hysterectomy; TC, paclitaxel + carboplatin; WP, whole pelvis; PAN, paraaortic lymphnode.
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and paired normal tissues to determine their somatic nature.
Sequencing was performed using the ABI BigDye Terminator
v3.1 Cycle Sequencing Kit (Applied Biosystems, Foster City,
CA). A sequencing analysis was performed to detect muta-
tions in benign tissues, such as blood, from each patient. It
was necessary to determine whether the same mutations oc-
curred in tumor tissues and benign tissues to ascertain germ-
line mutations.

3. Results
3.1. Clinical and pathological features

The clinical and histologic features of 9 SEOs are described
in Table 2 and Fig. 1. The median age of the patients was 54
years (range, 40-65 years). A total of 8 cases were clinically di-
agnosed by the pathologist as dual primary carcinomas accord-
ing to the Scully's classification [9]. Among these 8 cases, 6
cases were classified as synchronous independent tumors that
had the same histology in endometrial and ovarian tumors.
There were 2 cases (cases 2 and 3) that were suspected of
Lynch syndrome because of their family history and previous
disease history (Amsterdam II criteria). There were 3 cases (in-
dependent tumor cases 2 and 7 and metastasis tumor case 1)
that showed disease recurrence, but all patients received
second-line chemotherapy and no patients had died during
the study period.

3.2. Identification of TP53, PTEN, CTNNB1, KRAS, and
POLE mutations

We examined 8 cases of synchronous carcinomas of the
uterus and ovary to determine whether conventional gross
and histologic parameters are correlated with molecular ge-
netic alterations. The mutations were confirmed by Sanger se-
quencing of DNA from tissues of the ovarian tumor and
endometrial tumor in the same patient.

Six cases exhibited the same histologic subtype of endome-
trioid carcinoma in each of the SEOs. The histologic and mu-
tational statuses of 7P53, PTEN, CTNNBI, KRAS, and POLE
in all SEO tumors are summarized in Table 2. Somatic muta-
tions in POLE were identified in 6 (75.0%) of 8 patients.
POLE mutations were detected in 5 (62.5%) of 8 patients in
both the ovarian tumor and endometrial tumor. Somatic muta-
tions in CTNNBI were also identified in 4 (50.0%) of 8 pa-
tients. The frequencies of POLE and CTNNBI mutations
were higher than those reported previously [16-18].

The clonal relationship determined by genomic analyses
did not agree with the clinicopathological criteria in 3 of 6
cases. In case 3, there was an A insertion at the same location
in exon 3 of CTNNBI in both tumors. In case 4, there was a
point mutation at the same location in exon 13 of POLE. In
case 6, there were 2 point mutations at the same location in
exon 9 of POLE and exon 3 of CTNNBI (Table 3, Fig. 2A).

In these 3 cases, the results indicated that the lesions are clon-
ally related; thus, we obtained a final diagnosis of metastatic
tumors.

There was no mutation at the same location in case 1,2, or 5
(Table 4).

The mutation status of metastatic tumors determined by
pathology also showed 3 point mutations at the same location
in exon 4 of TP53, exon 1 of PTEN, and exon 12 of POLE
(Table 5, Fig. 2B).

3.3. Clinical features of SEOs with POLE mutations

A y? test showed that POLE mutations were not related to
clinicopathological factors or other gene mutations in SEO tu-
mors (Table 6).

4. Discussion

A clonal relationship between SEOs histologically diag-
nosed as independent endometrioid endometrial carcinomas
and ovarian carcinomas has been reported in recent studies;
some of these tumors were finally diagnosed as metastatic tu-
mors by exome sequencing [6-8]. These reports demonstrated
that histologic diagnosis alone is not sufficient to determine
whether SEOs are primary or metastatic tumors. We also ob-
served 3 cases that were initially diagnosed as independent pri-
mary tumors but were actually metastatic tumors based on an
examination of gene alterations. In these 3 cases, we assessed
gene alterations by Sanger sequencing. We were unable to per-
form deep sequencing and whole-genome sequence analyses,
as in previous reports [6-8]; accordingly, we could not confirm
the clonality of the 3 synchronous tumors in detail. In the fu-
ture, a deep sequencing and whole-genome sequencing ap-
proach is preferable; however, our results clearly indicated
that the same mutation was present in 2 tumor types within a
patient. This evidence for the same mutation in both tumors,
indicating that they were metastatic tumors, was obtained by
Sanger sequencing, suggesting that this is a low-cost method
to confirm the clonality of SEOs.

Finally, all patients with SEOs had a good prognosis, con-
sistent with previous reports [19-22], despite having 2 or more
malignant diseases and occasionally having advanced disease.
Some previous reports have shown that microsatellite instabil-
ity is related to a good prognosis [19,20,22]. In the current
study, a high frequency of POLE mutations was observed;
these mutations are widely known as good prognostic factors
in endometrial carcinomas [18]. Previous reports have also
identified POLE mutations in SEOs, but the frequency
and the relationship between POLE mutations and prognosis
were unclear [6]. In the current study, patients with POLE mu-
tations did not show significantly longer progression-free sur-
vival compared with patients without POLE mutations. We
investigated the POLE mutation that would influence
tumor mutation burden, to increase the patient's prognosis.
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Fig.1  Hematoxylin and eosin staining of the specimens in patients with SEO tumors. Dual primary cases (AB, CD, IJ) and metastatic cases (EF,
GH, KJ, QR). Dual primary cases. Ovarian endometrioid and uterine endometrioid: case 1 (A and B), case 2 (C and D), case 5 (I and J); ovarian
serous and uterine endometrioid: case 7 (M and N); ovarian mucinous and uterine endometrioid: case 8 (O and P). Metastatic cases. Ovarian endo-
metrioid and uterine endometrioid: case 3 (E and F), case 4 (G and H), case 6 (K and J); high-grade serous carcinomas in the uterus and ovary: case

9 (Q and R).
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Table 3  The mutation status of SEO tumors: same histologic type (endometrioid type)
Case Patient First diagnosis P53 KRAS PTEN  CINNBI POLE Final diagnosis
age (y) (pathological diagnosis) mutation mutation mutation mutation mutation (genetic analysis)
1 53 OC 3C (E) Synchronous W W W W W Synchronous
EC 1B (E) independent (S) W W %% W W independent (S)
2 65 OC 1C (E) w w w c.110_111 insA W S
EC 1B (E) W W W W W
3 40 OC 1C (E) p-S215ST W w ¢.203_204%insA W Metastatic
EC 1A (E) w W w ¢.203_204%insA p.A341T ™M)
4 62 OC 1A (E) W W p- YI6C W p-Q390H M
p.T434 H®
EC 1A (E) w W w W% p-Q292E
p-Q390H ¢
p.T434H¢
c.1155_1156 insA
5 51 OC 1B (E) p-S21ST W W W p-H350Q S
EC2 (E) w W p- C71T ¢.203_204 insC  p.E396V
6 59 OC 4B (E) w w W p.S29C" p.D287N¢ M
EC 4B (E) w W % p.S29C® p.D287N¢
p-N293D
% In case 3, there was an A insertion at the same location in exon 3 of CTNNB/ in both tumors.
® Tn case 6, there was a point mutation at the same location in exon 3 of CTNNBI.
¢ In case 4, there was a point mutation at the same location in exon 13 of POLE.
4 In case 6, there was a point mutation at the same location in exon 9 of POLE.
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Fig. 2

Somatic mutations were identified at the same location in ovarian and uterine tumors. Mutations in SEO tumors are illustrated. Mutations

were confirmed by Sanger sequencing using DNA from the ovarian tumor and endometrial tumor in the same patient. A, Somatic mutations were
identified in the same point between ovarian tumor and uterine tumor (cases 3, 4, and 6). In case 3, there was an A insertion at the same location in
exon 3 of CTNNBI. In case 4, there was a point mutation at the same location in exon 13 of POLE. In case 6, there were 2 point mutations at the
same locations in exon 3 of CTNNBI and exon 9 of POLE. B, Somatic mutations were identified at the same points between metastatic tumors. In
case 9, there were 3 point mutations at the same locations in exon 4 of 7P53, exon 1 of PTEN, and exon 12 of POLE.
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Table 4 The mutation status of metastatic tumors by pathological diagnosis

Case  Patient  First diagnosis TP53 KRAS PTEN CTNNB!  POLE Final diagnosis
age (y)  (pathological diagnosis) mutation  mutation  mutation mutation mutation (genetic analysis)
9 72 EC4B (S)  Metastatic (M)  p.P72R*  p.VI4E p.Y16C®  p.T68 N p.Q390H Metastatic (M)
p.R120K p-Q385X ¢
p-R372L
pP72R* W p.Y16CP p.Q385X ¢

# There was a point mutation at the same location in exon 3 of CTNNBI.
® There was a point mutation at the same location in exon 3 of PTEN in both tumors.
¢ There was a point mutation at the same location in exon 3 of POLE in both tumors.

The main limitation of this study was the small number of SEO
cases, which led to no significant difference in terms of patient
prognosis.

Recent studies have evaluated whether tumor mutation bur-
den is associated with the frequency of somatic mutations [23-

Table 5 The mutation status of SEO tumors: other histologic type

25]. In SEOs, if there is an association between POLFE muta-
tions and a good prognosis via the mutation burden of tumors,
checkpoint blockade immune therapies might show a good re-
sponse. In future studies, we will investigate associations be-
tween the overexpression of PD-1/PD-L1 or loss of MMR

Case Patient  First diagnosis TP53 KRAS PTEN CTNNBI  POLE Final diagnosis
age (y) (pathological diagnosis) mutation mutation mutation mutation  mutation (genetic analysis)
7 49 OC3C(S) Synchronous pL25Q W p.Yl6C W p-F2851 Synchronous
independent p-T4831 independent (S)
(S) ¢.1219_1220 insA
EC 1B (E) w W p-E40Q W p-Q390H
p-A120E p-E396V
8 53 OC 1A (M) w W w w p-K284E
EC IB (E) W p.G12D W w w
Table 6 The factor of risk of recurrence for patients with SEO tumors (n = 9)
Factors Patients (n = 9) POLE mutation P
Negative, n (%) Positive, n (%)
Age (y)
<50 2 0 (0) 2 (100.0) 391
>50 7 2 (28.6) 5(71.4)
FIGO stage
I 1T 5 4 (80.0) 1 (20.0) .858
I11, IV 4 1(25.0) 3 (75.0)
Recurrence
No 5 1 (20.0) 4 (80.0) .858
Yes 4 1 (25.0) 3 (75.0)
TP53
Negative 7 2 (28.6) 5(71.4) 391
Positive 2 0 (0) 2 (100.0)
KRAS
Negative 8 2 (25.0) 6 (75.0) 571
Positive 1 0 (0) 1 (100.0)
PTEN
Negative 5 2 (40.0) 3 (60.0) 151
Positive 4 0 (0) 4 (100.0)
CTNNBI1
Negative 4 1(25.0) 3(75.0) .858
Positive 5 1 (20.0) 4 (80.0)




100

M. Ishikawa et al.

proteins in SEOs and the response to checkpoint blockade
immunotherapies to establish useful biomarkers for these
tumors.

In the future, clinical sequencing will be an important strat-
egy for the diagnosis and treatment decisions for SEOs. It will
be possible to determine not only the correct tumor origin but
also the tumor characteristics, such as the active immune
microenvironment. This information is useful for decision
making for these patients.
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