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Metastatic ovarian tumor from pancreatic cancer treated
with combined immunotherapy: A case report
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Abstract. Pancreatic cancer (PC) is a fatal disease with a
high mortality rate due to difficulties in early diagnosis and
metastasis. Common sites of metastasis from PC include the
liver, lung, stomach and kidney. Patients diagnosed at already
the metastatic stages on presentation constitute 50-55% of the
cases, with a 5-year survival rate of 3%. By contrast, secondary
ovarian metastases account for 10-25% of all ovarian malig-
nancies, though an accurate diagnosis remain challenging. The
present study reports the rare case of a 42-year-old woman with
primary hepatic metastasis and secondary ovarian metastasis
from PC treated with two lines of immunotherapy, who is also
experiencing severe treatment-associated toxicity. The patient
first received combined immunotherapy consisting of camreli-
zumab (200 mg; day 1; every 3 weeks) and chemotherapy with
nab-paclitaxel (125 mg/m?; days 1 and 8; every 3 weeks) and
gemcitabine (1,000 mg/m?; days 1 and 8; every 3 weeks). She
then exhibited a partial response following 4 months of treat-
ment. However, 9 months after the initial treatment, the disease
progressed with ovarian involvement, which was confirmed
by surgery. Second-line treatment included immunotherapy,
targeted therapy and oral chemotherapy (200 mg sintilimab
on day 1; 50 mg tegafur from days 1-14, twice daily; and 8 mg
anlotinib from days 1-14, every 3 weeks). The progression-free
survival time from this second-line treatment was 6 months.
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Immunotherapy was permanently aborted due to severe intes-
tinal inflammation, where four lines of combined treatments
were recommended. The patient remains on treatment with a
good quality of life in July 2022, and a current overall survival
time of >24 months. In conclusion, the diagnosis of metastatic
PC leads to a poor prognosis, but ovarian metastasis from PC
is rare. Furthermore, the combination of immunotherapy with
chemotherapy or antiangiogenic inhibitors shows promise as a
treatment strategy for advanced stages of PC.

Introduction

Pancreatic cancer (PC) is one of the most aggressive and
lethal types of cancer worldwide, where it is the seventh
leading cause of cancer-associated mortality in both sexes (1).
At present, there is a lack of effective screening tools for
early-stage PC due to the lack of typical early symptoms (2).
The majority of patients with PC present already with locally
advanced (30-35%) or metastatic (50-55%) disease at diagnosis
and are therefore not eligible for curative surgery, leading
to poor clinical outcomes (3). This poor prognosis resulted
in the similar number of deaths (466,003) to the number of
diagnosed cases (495,774) across 185 countries in 2020 (2).
In addition, patients with PC have the lowest survival rates
among all cancer types, with only ~4% surviving beyond 5
years (4). The histology of PC is characterized by its aggres-
siveness, leading to early infiltration and a high propensity
for systemic dissemination (5). The most common site of PC
metastasis is the liver (40-50%) (6), with other commonly
affected organs include the lungs, bones, adrenal glands,
stomach lying adjacent to the pancreas, duodenum, transverse
colon and left kidney (7). Compared with the aforemen-
tioned target organs, the ovary is an uncommon site for PC
metastasis (5). Secondary ovarian malignancies account for
10-25% of all ovarian tumors (8), where the mechanism of
dissemination may be through implantation, lymphatic and/or
hematological metastasis (5).

The present report describes a case of PC diagnosed by
pancreatic puncture, with ovarian metastasis subsequently
confirmed by surgery. The patient responded favorably
to combination immunotherapy treatment [including use
of a programmed cell death protein-1 (PD-1) inhibitor,
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nab-paclitaxel and gemcitabine]. Therefore, further explora-
tion of anti-PD-1 therapy for PC treatment is warranted in the
future.

Case report

A 42-year-old woman presented with increased levels of serum
tumor markers, including carbohydrate antigen (CA)19-9
(3,793 U/ml; normal range, 0-27 U/ml) and carcinoembryonic
antigen (CEA; 58.6 ng/ml; normal range, 0-4.7 ng/ml), during
a routine physical examination in June 2020, with no obvious
symptoms. Enhanced MRI in Renji Hospital (Shanghai, China)
5 days later revealed a mass (49x26 mm) in the pancreatic
body and multiple hepatic lesions (Fig. 1A). Next, MRI-guided
biopsy of the pancreatic tumor was performed, following which
somatic adenocarcinoma of the pancreas was diagnosed. The
staging was cI'3NxMI, stage IV according to the 8th edition
of the American Joint Committee on Cancer for Pancreas and
Hepatobiliary Cancers (9). Therefore, the patient was eligible
to take part in a single-arm clinical trial assessing the combina-
tion of doublet chemotherapy [nab-paclitaxel and gemcitabine
(AG)] and the novel PD-1 inhibitor camrelizumab (formerly
SHR-1210) for the first-line treatment of metastatic pancre-
atic carcinoma (ClinicalTrials.gov identifier: NCT04181645;
Table I). Therefore, the patient was prescribed first-line
immunotherapy treatment of AG + anti-PD-1 immunotherapy
2 weeks after admission for six cycles. The regimen included
nab-paclitaxel (Abraxane; 125 mg/m?) and gemcitabine
(1,000 mg/m?) on days 1 and 8, along with camrelizumab
(200 mg) on day 1 every 3 weeks. Repeat imaging assessment
after two and four cycles of this combination treatment revealed
a significant reduction in the size of the pancreatic and liver
lesions (Fig. 1B). In addition, subsequent MRI scans (Fig. 1C)
showed further shrinkage of the tumor and partial response
(PR) was concluded using the modified Response Evaluation
Criteria in Solid Tumors assessment criteria (Fig. 1) (10). The
tumor markers CA19-9 and CEA were restored to the normal
ranges. According to the Common Terminology Criteria for
Adverse Events (version 4.03) (11), adverse events occurred,
which included grade 1-2 rash, edema of the bilateral ankles
and eyelids, knee pain, hyperhidrosis and grade 1 anemia.
However, no treatment-related grade 3 or 4 adverse events
were observed. The patient was next administered six cycles
of first-line anti-PD-1 immune maintenance therapy (200 mg
camrelizumab on day 1 every 3 weeks) 4 months after admis-
sion. After two cycles, a continuous PR was obtained. After
the fourth cycle, the pancreatic mass increased slightly in
size, and the PR of the liver lesions persisted. The toxicity
parameter of transient hyperthyroidism appeared during this
period. Afterwards, hypothyroidism was detected, which was
controlled by supplementation with levothyroxine sodium
tablets (100 pug every day). The progression-free survival (PFS)
time from this first-line therapy was 9 months.

At 10 months post-diagnosis, enhanced CT of the low
abdomen demonstrated a large irregular mass (28 mm in
diameter) with scatted dot enhancement in the bilateral adnexa
area. Since the new mass was suspected to be metastatic,
another PET-CT was performed. The size of the pancreatic
body mass was similar to the previous result (9 months ago)
but showed a markedly decreased fluorodeoxyglucose (FDG)

uptake. According to the sizes of the hepatic metastatic lesions
and the hilar and para-aortic lymphatic metastases, a PR was
achieved and the FDG uptake was low. By contrast, the newly
discovered bilateral adnexal mass showed increased FDG
uptake, suggesting that it may be prone to tumor metastasis.
However, primary ovarian carcinoma should not be ruled out
either. The multidisciplinary therapy (MDT) team suggested
a right adnexectomy to confirm the origin of the mass patho-
logically. After 10 days, a right adnexectomy was successfully
performed using single-port laparoscopy. The right ovary was
enlarged by ~5 cm, whereas the right oviduct and left adnexa
appeared normal. H&E and immunohistochemical staining
were subsequently performed.

The tissue samples derived from resected and core needle
biopsy specimens were fixed in 10% formalin at room temper-
ature for 24 h, paraffin embedded and subjected to histological
or immunohistochemical analysis. Sections (4-um thick) were
heated at 58°C for 2 h and then deparaffinized in xylene and
hydrated with a series of graded alcohols, including anhydrous
ethanol for 5 min, 95% ethanol for 2 min, 90% ethanol for
2 min, 80% ethanol for 2 min and 70% ethanol for 2 min. H&E
staining was then used for histological analysis. Hematoxylin
staining was performed for 5 min at room temperature and
eosin staining for 1 min at room temperature.

For immunohistochemistry, after 3 min of blocking at
room temperature with the blocking reagent (working fluid;
cat. no. DM841; Dako; Agilent Technologies, Inc.), antigen
recovery was performed by heating and immersing the slides
in citrate buffer (0.01 M, pH 9.0) in a microwave oven (121°C)
for 10 min twice. Endogenous peroxidase activity was blocked
using 3% hydrogen peroxide for 30 min at 20°C and the
sections were incubated with primary antibodies against Ki-67
(1:100; cat. no. MIB-1; Dako; Agilent Technologies, Inc.),
tumor protein 53 (p53; working fluid; cat. no. MAB-0674;
Fuzhou Maixin Biotech Co., Ltd.), cytokeratin (CK)7 (1:50;
cat. no. OV-TL12/30; Dako; Agilent Technologies, Inc.),
vimentin (VIM; working fluid; cat. no. MAB-0735; Fuzhou
Maixin Biotech Co.,Ltd.),estrogen receptor [ER; working fluid;
cat. no. 790-4325; Roche Diagnostics (Shanghai) Co., Ltd.],
progesterone receptor [PR; working fluid; cat. no. 790-4296;
Roche Diagnostics (Shanghai) Co., Ltd.], Wilm's tumor-1
(WT-1; working fluid; cat. no. MAB-0678; Fuzhou Maixin
Biotech Co., Ltd.), hepatocyte nuclear factor 1 homeobox
B (HNF-1B; working fluid; cat. no. ZA-0129; Origene
Technologies, Inc.), CA125 (working fluid; cat. no. MAB-0007;
Fuzhou Maixin Biotech Co., Ltd.), pl6 (working fluid;
cat. no. MAB-0673; Fuzhou Maixin Biotech Co., Ltd.),
CK20 (1:80; cat. no. M7019; Dako; Agilent Technologies,
Inc.), caudal-related homeobox transcription factor 2 (CDX2;
working fluid; cat. no. RMA-0631; Fuzhou Maixin Biotech
Co., Ltd.), special AT-rich binding protein 2 (SATB2; working
fluid; cat. no. RMA-0750; Fuzhou Maixin Biotech Co.,
Ltd.), post-meiotic segregation increased 2 (PMS2; working
fluid; cat. no. IR087; Dako; Agilent Technologies, Inc.), mut
L homolog 1 (MLHI1; working fluid; cat. no. IR079; Dako;
Agilent Technologies, Inc.), mut S homolog (MSH)2 (working
fluid; cat. no. IR085; Dako; Agilent Technologies, Inc.), MSH6
(working fluid; cat. no. IR086; Dako; Agilent Technologies,
Inc.), programmed death ligand 1 (PD-L1; working
fluid; cat. no. M3666; Dako; Agilent Technologies, Inc.),
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Figure 1. Comparison of abdominal MRI before and after the first-line treatment. MRI images from (A) the time of admission and after first-line treatment at
(B) 2 and (C) 3 months post-diagnosis. The pancreatic mass and liver metastases were reduced in size after treatment. Arrows indicate the tumors and lesions.

paired-box gene (PAX)-2 (working fluid; cat. no. RMA-0816;
Fuzhou Maixin Biotech Co., Ltd.), PAX-8 (working fluid;
cat. no. RMA-0817; Fuzhou Maixin Biotech Co.,Ltd.), mucin 1
(MUCTI; 1:50; cat. no. MRQ-17; Aimeijie Technology Co.,Ltd.)
at 4°C overnight. Subsequently, the sections were washed with
PBS three times for 2 min and incubated with a biotinylated
anti-mouse/rabbit secondary antibody (1:500; cat. no. D0486
and D0487, conjugated to alkaline phosphatase; Dako;
Agilent Technologies, Inc.) at 37°C for 15 min. The signals
was detected using a 3,3'diaminobenzidine kit (Dako; Agilent
Technologies, Inc.). Finally, the sections were counterstained
with hematoxylin at room temperature for between 3 sec and
5 min. The positively stained cells were then counted and
imaged under a light microscope (Olympus BX43; Olympus
Corporation) with x100 and x400 magnification. The negative
control was conducted by replacing the primary antibody with
0.1% bovine sum albumin (cat. no. BAH62-0100; AmylJet
Scientific, Inc.) or PBS. Cells with brown granule staining of
the membrane/cytoplasm/nucleus were considered positive.
For Ki-67 and p53, percentages of labeled positive cells within
the investigated cell population are stated.

The results revealed a right ovarian adenocarcinoma
(maximum 8 cm in diameter; Fig. 2) and the serosa of
the right oviduct was congested due to tumor obstruction.
Immunohistochemistry (IHC) analysis (Fig. 3) provided
the following results: Ki-67 (60%), p53(75%), CK7(+),
VIM(-), ER(-), PR(-), WT-1(+), HNF-1B(-), CA125(-), p16(+),
CK20(+), CDX2(+), SATB2(+), PMS2(+), MLH1(+), MSH2(+),
MSH6(+), PD-L1(-), PAX-2(-), PAX-8(-) and MUCI1(+).
Pathological review diagnosed metastatic adenocarcinoma of

pancreatic origin based on IHC of the ovarian mass [CK20(+)
and CA125(-)].

Systemic antineoplastic chemotherapy was suggested but
the patient refused intravenous chemotherapy due to poor
tolerance. The patient accepted four cycles of second-line
combination treatment 10 months after admission, including
immunotherapy, targeted therapy and oral chemotherapy
(200 mg sintilimab on day 1; 50 mg tegafur on days 1-14, two
times a day; and 8 mg anlotinib on days 1-14 every 3 weeks). A
follow-up CT scan after the second and fourth cycles showed
that the morphology of the pancreatic tumor and the metastatic
lesions did not change markedly, suggesting stable disease (SD)
(Fig. 4). Nevertheless, the patient experienced grade 3 diarrhea
after the fourth cycle of treatment. Stool smears and cultures
tested negative for fungus, Staphylococcus, acid-fast bacillus,
Salmonella, Shigella, Staphylococcus aureus, Escherichia
coli O-157, Vibrio cholerae, Vibrio parahaemolyticus and
Clostridium difficile. Colonoscopy revealed multiple ulcers,
with autoimmune enteritis as the pathological diagnosis.
Considering this immune-induced toxicity, vedolizumab
(300 mg on day 1) was prescribed and sintilimab was stopped
permanently. However, the patient exhibited a high fever,
with a thermal spike of 40°C. Therefore, 40 mg methylpred-
nisolone was administered for 6 days for the immunological
fever. Subsequently, 30 mg/day prednisolone was taken orally,
tapered off 5 mg each time and eventually discontinued in
18 days. According to the recommendation of the gastroen-
terologist, 2 g/day mesalazine was also prescribed to reduce
intestinal inflammation. The patient recovered after 1 week,
before the treatment plan was changed to oral chemotherapy
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Table I. Ongoing clinical trials of camrelizumab (formerly SHR-1210) in pancreatic cancer treatment in China.

ClinicalTrials.gov

identifier Study phase Trial arm Condition Subjects, n Study status Location
NCTO04181645 NA SHR-1210 + gemcitabine +  Pancreatic cancer 20 Recruiting Renji Hospital,
paclitaxel-albumin stage IV Shanghai, China
NCT04498689 II Camrelizumab + nab Metastatic 117 Recruiting Fudan
paclitaxel + gemcitabine pancreatic University,
injection cancer Shanghai, China
NCT04420130 NA Camrelizumab + Pancreatic 34 Not yet Harbin Medical
chemotherapy + ablation cancer; liver recruiting  University,
metastasis Harbin, China
NCTO04415385 II Camrelizumab + apatinib Pancreatic cancer 48 Recruiting Zhejiang Cancer
Hospital,
Hangzhou, China
NCT04674956 I Camrelizumab + paclitaxel Pancreatic cancer 401 Not yet Renji Hospital,
(albumin-bound) and stage IV; recruiting  Shanghai, China
gemcitabine vs. placebo + pancreatic
paclitaxel (albumin-bound) metastatic cancer
and gemcitabine
NCT05218889 II Surufatinib + camrelizumab + Pancreatic cancer 68 Not yet Chinese People's
nab paclitaxel + S-1 vs. nab recruiting  Liberation Army
paclitaxel + gemcitabine General
Hospital,
Beijing, China
NCT04723030 II Carleilizumab + apathy Locally advanced 30 Not yet Peking
mesylate + radiotherapy + pancreatic cancer recruiting  University
paclitaxel (albumin-bound) Cancer Hospital
and Institute,
Beijing, China
NCT04932187 I Camrelizumab + capecitabine Hepatobiliary, 20 Recruiting Ruijin Hospital,
pancreatic and Shanghai, China
other
gastrointestinal
carcinoma

(non-stomach,
non-esophageal)

NA, not applicable.

and targeted therapy (50 mg tegafur on days 1-14, two times a
day; and 8 mg anlotinib on days 1-14 every 3 weeks). During
this period, the patient suffered a Candida tropicalis infec-
tion diagnosed by stool culture. Therefore, oral fluconazole at
100 mg/day was administered for 1 week. Then diarrhea and
jaundice occurred during the sixth cycle of therapy. Endoscopic
sphinctopapillotomy, endoscopic papillary balloon dilation
and endoscopic retrograde biliary drainage were completed
successfully, where bile drainage was unobstructed following
the surgery. Methylprednisolone was prescribed at 35 mg/day
orally for 1 month. PFS time after this second-line therapy was
6 months.

The disease was now considered to be at progressive
disease (PD) due to the increasing lesion size in the liver
(maximum diameter 2.7 cm) and the target mass in the pancreas

(4.3x2.1 cm; Fig. 5A) being similar to that measured previ-
ously (4.3x2.0 cm; Fig. 4C) at month 16 after first diagnosis.
Since the patient had benefited greatly (evaluated as PR) from
the nab-paclitaxel therapy and it had been discontinued for
>6 months, the third-line mono-chemotherapy of nab-paclitaxel
(125 mg/m?; days 1 and 8; every 3 weeks) was recommended.
The patient tolerated this regimen adequately, but the disease
progressed and the size of metastases in the liver grew bigger
rapidly after two cycles of nab-paclitaxel (Fig. 5B).

The fourth-line treatment of irinotecan (240 mg; day 1) and
anlotinib (8 mg; days 1-14 every 3 weeks) was well tolerated and
applied to treat the progressive disease (PD) status (Fig. 5B).
The patient accepted tomotherapy palliative radiotherapy (60
Gy over 12 fractions) for the hepatic metastasis. Repeat imaging
assessment after four cycles of combination treatment showed
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Figure 2. Pathology of the ovarian tumor and fine-needle aspiration biopsy of the pancreas. (A) H&E staining of the ovarian tumor at x100 magnification.
Lesions infiltrated the ovary and exhibited marked cytological atypia, organized in cribriform-like glandular structures. (B) H&E staining of the fine-needle
aspiration biopsy of the pancreas at x200 magnification. Lesions showed infiltration to the adjacent tissues with hypo-differentiated cells forming cribri-

form-like structures.

Figure 3. THC of the ovarian tumor. IHC showing positive results for (A) CK7, (B) CK20, (C) caudal-related homeobox transcription factor 2 and (D) mucin 1.
Negative IHC staining results for (E) estrogen receptor, (F) progesterone receptor and (G) paired box gene 8. (H) Ki-67 staining at 60%. Original magnifica-

tion, x100. IHC, immunohistochemistry; CK, cytokeratin.

a significant reduction in the size of the liver lesions (Fig. 5C).
The tumor size continued to decrease and the disease remained
stable with no clinical evidence of progression. The tumor
marker levels of CA19-9, CA242 and CEA, in addition to those
of the inflammatory marker IL-6, decreased again (Fig. 6A-D)
and the overall survival (OS) time was extended to 24 months
and counting. The general status of the patient is good in
July 2022 and the patient will be followed up every 45 days.

Discussion

Pancreatic ductal adenocarcinoma (PDAC) is a lethal disease
with a dismal 5-year survival rate of 5-10% and the highest
incidence-to-mortality ratio of any solid tumors (12). This poor
outcome is mainly due to delayed diagnosis and the aggressive
nature of the disease, with a high likelihood of early systemic
dissemination (13). Currently, there are two recommendations
for the first-line systemic treatment of metastatic PC that have

demonstrated good performance (i.e., Eastern Cooperative
Oncology Group 0-1) (14). The first recommendation is the
regimen of fluorouracil, leucovorin, irinotecan and oxali-
platin (FOLFIRINOX) or modified FOLFIRINOX (15), which
improved the median OS time from 6 to 8.7 months compared
with gemcitabine monotherapy. The other recommendation
is gemcitabine plus nab-paclitaxel (16), which markedly
improved the median OS time from 6 to 11.1 months compared
with gemcitabine monotherapy. However, the selected patients
did not benefit sufficiently and could not achieve long-term
survival outcomes. Therefore, novel effective systemic treat-
ments remain in urgent demand.

In recent years, immune checkpoint blocking agents
have been assessed for their efficacy in PDAC (17).
Immune checkpoint blockade of the PD-1 pathway has been
proposed to be a potentially viable treatment strategy due to
encouraging phase II trial results for pembrolizumab (18).
Similar results were reported in the single-arm phase 11
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10 months 12 months

14 months

Figure 4. Comparison of abdominal magnetic resonance imaging before and after the second-line treatment. MRI from (A) before second-line treatment at
10 months post-diagnosis, and after second-line treatment at (B) 12 and (C) 14 months post-diagnosis. (A and B) The pancreatic lesion and liver metastases
were small. (C) However, after autoimmune enteritis, the size of the lesions remained unchanged. The patient was recorded with stable disease. Arrows indicate

the tumors and lesions.

18 months

16 months

20 months

Figure 5. Comparison of abdominal MRI before and after the fourth-line treatment. MRI from (A) before fourth-line treatment at 16 months, and after treat-
ment at (B) 18 and (C) 20 months post-diagnosis. The pancreatic mass appeared to be smaller during the fourth-line treatment, but there was (A) an obstruction
in the pancreaticobiliary duct, an accumulation of fluid in the gallbladder, larger liver metastases and larger lymph nodes in the retroperitoneum. (B) The
pancreatic mass and liver metastases were enlarged compared with previously (A). (C) The pancreatic mass was large and the liver metastases were small.

Arrows indicate the tumors and lesions.

keynote-158 study, which included patients with PC. The
median PFS time was 4.1 months and the median OS
time was 23.5 months (19). As a result of these promising
data, pembrolizumab was provided with accelerated FDA
approval in 2017 for patients with unresectable, metastatic
solid tumors harboring microsatellite instability-high
(MSI-H) or deficient mismatch repair (IMMR) who exhib-
ited progression following initial treatment, but no longer
have any alternative treatment options (20). In addition, the
National Comprehensive Cancer Network (NCCN) panel
recommended this drug as an option for advanced PDAC
with MSI-H or dMMR (21).

Camrelizumab is an anti-PD-1 receptor antibody that
blocks the interaction of the receptor with PD-L1 and PD-L2,
reversing the PD-1-mediated inhibition of the immune
response. This strategy was approved by the National Medical
Products Administration (NMPA) of China in December 2018
for Hodgkin's lymphoma, locally advanced or metastatic
esophageal squamous cell carcinoma, hepatocellular carci-
noma and nasopharyngeal carcinoma after systemic treatment
failure (22). Preclinical and clinical data have provided
supporting rationale for establishing immunotherapy combined
with AG as a first-line treatment for metastatic PDAC (23,24).
Data supporting the current regimens of an anti-PD-1-based
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Figure 6. Trends in patient (A) CEA, (B) IL-6, (C) CA-199 and (D) CA-242 levels since the onset of the disease. IL-6 is a marker for inflammation. CEA,

carcinoembryonic antigen; CA, carbohydrate antigen.

(camrelizumab) combinatory strategy for PC are summarized
in Table I. In addition, the MDT panel of Renji Hospital
speculated that significant participation in clinical trials is
critical for deepening the understanding into this disease.
Therefore, participation in clinical trials assessing the effects
of standard or accepted therapy would be encouraged for this
patient. In the present case, the original lesions shrank and the
liver lesions almost disappeared after four cycles of treatment.
Notably, the patient also exhibited relatively high levels of
tolerance towards these combined antitumor drugs, especially
with only mild PD-1 inhibitor-related immune adverse events.

In the present case, the patient developed new ovarian
lesions, identified by PET-CT scans after 9 months of treat-
ment. Therefore, it is crucial to distinguish between primary
ovarian diseases and metastatic progression from primary
PC for appropriate treatment. Currently, imaging modalities
cannot distinguish between the two types of lesions, neces-
sitating a histopathological evaluation. Putative disease
recurrence was determined after careful review of the imaging
data by the MDT team and a confirmatory biopsy following
surgery. Subsequently, a dedicated pathologist conducted
a histopathological review of the ovarian lesions and IHC
labeling to deduce that the origin of these lesions is the PDAC.

Statistically, 10-25% of all ovarian malignancies are
secondary tumors, and the most common primary malignant
tumors causing ovarian metastases include breast, colorectal,
endometrial, gastric and appendiceal cancer (25). At present,
three routes of ovarian metastasis have been identified:
Lymphatic, implantation and blood metastasis. Reticular
lymphatic tissues are abundant in ovaries, and cancer cells can
metastasize through the retroperitoneal lymph nodes to the
lumbar lymph nodes before metastasizing to the ovaries in a
retrograde manner, which is considered to be the most likely
mode of metastasis (26,27). Patients with ovarian metastases

tend to be younger compared with those with primary ovarian
cancer (8). Notably, ovarian metastasis is more frequently
observed in non-menopausal women, which may be attrib-
uted to the nutrient-rich and more functionally active ovaries
suitable for metastases. In addition, the secondary metas-
tasis ovarian cancer tends to be bilateral and often causes
interstitial changes in the ovary, which in turn promotes hema-
togenous metastases (28). In terms of implantation metastases,
it has been proposed that when the tumor invades the serosal
membrane, the cancer cells are shed into the peritoneal cavity
and metastasize with the flow of the peritoneal fluid, spreading
to the ovaries to develop metastases (29). Implantation metas-
tases are frequently accompanied with extensive peritoneal
spread (29). The present patient did not have ascites or peri-
toneal metastases. Based on the medical history, both lymph
node and hematogenous metastases may have been involved in
the development of the ovarian metastases.

The accurate diagnosis of secondary ovarian tumors can be
challenging, since they can be easily misdiagnosed as primary
ovarian cancer, especially in cases of mucinous adenocarci-
noma (30). Several features would indicate metastases, including
lesions of a small size (<10-12 cm), bilateralism, nodular growth
patterns and presence on the surface and/or in the superficial
cortex of the ovary (25). According to the gross morphology, the
present patient fulfilled the aforementioned features that indicate
ovarian metastases. An ovarian tumor with an irregular glan-
dular tube-like structure and poorly differentiated cells formed
the focal intraglandular cribriform architecture. Compared
with the samples from the fine-needle aspiration biopsy of
the pancreas, there was similar cribriform architecture and
cell morphology. The cells are predominantly columnar with
apical mucinous cytoplasm and show moderate nuclear atypia
in the primary mucinous adenocarcinoma (30). However, due to
diagnostic difficulty, it is necessary to set up a broad-spectrum
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[HC investigation to distinguish between secondary metastatic
ovarian tumor and primary ovarian endometrioid or mucinous
adenocarcinomas. PC does not have sensitive markers that can
be used for routine clinical use and immunophenotyping can
only be used to determine an origin from the pancreaticobiliary
duct (31). Positive MUCI indicates tumor cells from the pancre-
aticobiliary duct, whereas positive CK20, SATB2 and CDX2
would indicate a lower gastrointestinal tract origin (32-34). In
the present report, IHC on the pathological ovarian sections
showed positive MUC1, CK20, SATB2 and CDX2 staining. By
contrast, primary ovarian endometrioid adenocarcinomas are
typically diffusely positive for CK7 and CA125, but negative
for CK20 and CDX2 (26). In the present report, CK7 expres-
sion was partially positive on the cell membrane, CA125 was
negative whereas CK20 and CDX2 were positive. Other IHC
markers, such as ER, PR and PAXS, are positive in primary
tumors of the female genital system, while a negative result of
these three markers was shown in the present case, indicating a
metastatic ovarian tumor.

According to the gross morphology, histology and IHC
results, the present study reported a rare case of ovarian metas-
tasis from PC. However, a definitive diagnosis of metastatic
PC in the ovary could not be established until the pathology of
the ovarian tumor was confirmed as that from the PDAC. The
present case highlights the importance of considering metas-
tases when distinct masses are detected in a range of organs in
order to administer different treatments.

The present patient was treated with immuno-
therapy-targeted therapy and oral chemotherapy (200 mg
sintilimab on day 1; 50 mg tegafur on days 1-14, twice daily;
and 8 mg anlotinib on days 1-14, every 3 weeks). The PFS
time from this second-line treatment was 6 months, with
severe life-threatening treatment-related toxicity. The initial
benefit of the first-line immunotherapy was significant for this
patient, with a stable condition recorded after oophorectomy
of the ovarian metastases. The complication of autoimmune
enteritis happened in the second-line treatment and was finally
controlled. However, the disease progressed after the third-line
chemotherapy and was therefore switched to fourth-line
targeted therapy and palliative radiotherapy. Currently, the
patient is stable with an improved quality of life. The trends
in inflammatory factor (IL-6) levels and tumor marker levels
(CEA, CA-199 and CA-242) were consistent with the changes
in the condition of the patient.

Due to the rarity, heterogeneity and lack of evidence, guide-
lines for the optimal management of patients with PDAC and
ovarian metastasis remain elusive. The findings of the present
case suggested that high-quality imaging is essential for detecting
subclinical disease. This also emphasizes the significance of a
multidisciplinary approach involving gynecology, oncology,
radiology, pathology and surgical oncology for an optimal
work-up and disease management. Although the combination of
resection and immunotherapy-based systemic treatment resulted
in survival benefits for the present patient, there are few such
cases in the literature. Therefore, there is a need for further treat-
ment options for PC patients with ovarian metastasis.
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