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Pembrolizumab as an effective treatment for diffuse malignant
peritoneal mesothelioma with long-term survival:
A case report and literature review
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Abstract. Primary diffuse malignant peritoneal mesothe-
lioma (MPEM) is a malignant disease without standard
treatments recommended. Recently, immunotherapy has
revolutionized the field of tumor therapy. According to
current clinical evidence, advanced MPEM may gain
potential clinical benefits from immune checkpoint
inhibitors. The present study reported a 61-year-old female
patient with persistent low fever as the initial symptom,
who was eventually diagnosed with MPEM. This patient
obtained significant clinical benefits from pembrolizumab,
with disappearance of symptoms, a lasting stable disease
response with a progression-free survival of 10.0 months
and a long overall survival of 26.2 months. The application
of pembrolizumab was explored as an emerging effective
treatment for patients with MPEM. In addition, the clinical
characteristics, diagnosis, treatment, pathogenesis and target
regulation in MPEM were discussed and previous studies
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were reviewed. Further evidence is needed from future
extensive clinical trials.

Introduction

Malignant peritoneal mesothelioma (MPEM) is a rare aggres-
sive neoplasm that accounts for approximately one-fifth of
all malignant mesothelioma cases (1,2). The incidence of
MPEM has been reported to be 1.7/1,000,000 in men and 1.0
in women, varying widely across different areas (3). Primary
diffuse epithelioid MPEM, the most dominant subtype, has
remained to be fully elucidated and no consensus has been
reached on how to treat it (1).

In recent years, immunotherapy has revolutionized the
field of tumor therapy. Rapid progress in immunotherapy
showed promising results in malignant pleural mesothelioma.
According to the current limited clinical evidence, advanced
MPEM may also benefit from immune checkpoint inhibi-
tors (4).

The present study reported a case of MPEM that showed
a favorable response to pembrolizumab. To the best of our
knowledge, this was the first attempt to use single-agent
pembrolizumab as the first-line treatment for a patient with
MPEM. A review of available studies reported to date was also
provided, so that improved immunotherapy strategies could be
proposed for the management of MPEM.

Case presentation

In February 2021, a previously healthy 61-year-old Chinese
woman developed chronic low fever lasting for >4 months
with no obvious predisposing cause. The patient's body
temperature ranged from 36.5 to 37.5°C and became more
elevated every afternoon. After drinking water and resting, the
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patient's body temperature returned to normal and it was not
treated.

Since April 2021, the body temperature rose to 38.5°C,
but the patient's general condition was fair. The patient took
self-administered ibuprofen sustained-release capsules twice a
day to keep the body temperature normal, while there was still
intermittent fever every day. In mid-April, the patient experi-
enced dressing difficulties due to a palpable abdominal mass
and mild abdominal distension. Therefore, the patient sought
medical treatment. Fig. 1 shows a timeline of the patient's
clinical course. There was no abnormality in the patient's
medical history, such as surgical trauma, allergy, personal or
family history, or known exposure to asbestos.

The patient was admitted to the China-Japan Friendship
Hospital (Beijing, China) two months later, with decreased
lymphocytes (17.2%], normal range: 20-50%), hemoglobin
(98 g/1, normal range: 115-150), platelets (509x10°/11, normal
range: 125-350), [C-reactive protein (CRP) 17.05 mg/dlf,
normal range: 0-5.00], coagulation indicators [prothrombin
time (14.2 sec, normal range: 11-15), internal normalized
ratio (1.241, normal range: 0.85-1.5), D-dimer (2.50 mg/I,
normal range: 0-0.5), activated partial thromboplastin time
(32.8 sec, normal range: 28.0-43.5) and fibrinogen (6.82 g/,
normal range: 2.0-4.0)] and tissue polypeptide-specific antigen
405.15 /11 (normal range: 0-100.0), and normal tumor markers
[CA242, CA125, CA199, CAT24, a-fetoprotein and carcino-
embryonic antigen (CEA)]. After two days, ultrasound-guided
biopsy (maximum tumor size, 11.8x7.9 cm) was performed. The
histological results (Fig. S1; protocol available in supplemental
information and antibody details in Table SI) showed that the
sample was epithelioid, with no tumor necrosis or lymphoid
infiltrate. The immunohistochemical results (Fig. S1; protocol
available in supplemental information) were as follows: D2-40
(2+), Wilms' tumor-1 protein (24), AEI/AE3 (3+), Calretinin
(3+),caudal-type homeobox transcription factor 2 (-), paired-box
gene 8 (-), human bone marrow endothelial cell marker-1 (-),
OCT?3/4 (), special AT-rich sequence-binding protein 2 (-), P63
(), P40 (-), Cytokeratin (CK) 5/6 (-), thyroid transcription factor
1 (-), GATA binding protein 3 (2+4), estrogen receptor (-), human
epidermal growth factor receptor 2 (0), progesterone receptor
(-), chromogranin A (-), synaptophysin (-), MELAN-A (-), CEA
(-), CK7 (3+), CK18 (3+), Ki-67 (+, >30%), programmed death
ligand 1 (PD-L1) (-), PD-L1 (22C3) (CPS 60%). The patho-
logical diagnosis was diffuse epithelial MPEM.

According to the peritoneal cancer index (PCI) scoring
system (5) (PCI=33), MPEM at stage III (TANOMO) was iden-
tified. Surgical resection was not recommended after careful
evaluation by surgical oncologists, as complete cytoreduction
(CC-0/1) could not be achieved. The patient rejected chemo-
therapy and was not able to afford a two-drug combination
regimen with nivolumab plus ipilimumab. In addition, the
single-agent pembrolizumab, which was covered by the patient's
insurance, had been approved as a second-line treatment
option for malignant pleural mesothelioma (MPM). Finally,
the patient agreed to this therapy regimen not only due to drug
accessibility but also affordability. Thus, the patient underwent
monotherapy with pembrolizumab (100 mg q21d) as first-line
treatment in June 2021. After the first cycle, the patient's
fever completely resolved. Fortunately, the patient had no
discomfort; thus, 2-12 cycles of standard-dose pembrolizumab

(200 mg Q21d) were continued from June 2021 to February
2022. Regular follow-up showed that the mass and nodular
foci in the pelvic cavity had shrunk, with obvious necrosis in
the center of the lesion (Fig. 2C and D). Until February 2022,
the patient still showed lasting stable disease (SD) to pembro-
lizumab according to the iRECIST 1.1 criteria (6), and had no
adverse events or new clinical symptoms.

In February 2022, MRI showed that the targeted lesion in
the upper abdominal cavity was slightly enlarged; however,
the patient still achieved an SD response. One month
later, MRI showed shrunken pelvic lesions. Finally, the
patient achieved an SD response to pembrolizumab, with a
progression-free survival (PFS) of 10.0 months. Subsequently,
the patient received two cycles of pemetrexed based on the
first-line regimen, but no clinical or imaging benefits (Fig. 3A)
were obtained. The patient was afebrile again (with a body
temperature of 39°C) but achieved symptom remission from
the third-line regimen (four cycles albumin-bound paclitaxel
plus pembrolizumab). Radiographic assessment (Fig. 3B)
showed slight shrinkage, but the patient could not tolerate
the I1I° myelosuppression and lasting abdominal distension.
The regimen was changed to anlotinib and pembrolizumab
(fourth-line treatment). However, the patient could not tolerate
the following severe adverse events (including new symptoms
such as anorexia and vomiting). The CT results showed a slight
increase in the abdominal mass after one cycle of fourth-line
therapy (Fig. 3C). Subsequently, the patient refused further
treatment after the fourth-line regimen due to financial reasons.
Follow-up was continued every month and it was found that
the patient had died in July 2023. The overall survival (OS) of
the patient was calculated as 26.2 months.

Discussion

MPEM is a rare, aggressive neoplasm that arises from the
peritoneal lining, resulting in limited data summarizing its
clinical characteristics. Most MPEMs are asymptomatic or
have a nonspecific insidious onset in the early stages. Typical
symptoms of MPEM include abdominal bloating, abdominal
pain, nausea, vomiting, and bowel obstruction (7). The patient
presented with a lasting fever as the first symptom, which
is much less common. Except for a higher CRP value and
low-grade fever, there were few signs of infection in this
patient. According to previous observational studies, fever,
as a prognostic indicator, may have a short survival (8).
Thrombocytosis and anemia are common signs of hematologic
paraneoplastic syndromes associated with MPEM. A paraneo-
plastic syndrome should also be considered. Thus, the literature
on neoplastic fever and hematologic system paraneoplastic
syndromes associated with MPEM was reviewed (Table I). A
total of six cases with various hematologic system paraneo-
plastic syndrome and three with fever had been published. It
seemed that these symptoms are not associated with gender or
pathological patterns. Previous studies revealed that patients
with MPEM and paraneoplastic syndrome appear to have a
short OS and unfavorable outcomes (9). It was one reminder
that more attention needs to be paid to patients suffering from
lasting fever and other hematologic signs.

In the present case, pathological analysis supported the
diagnosis of diffuse epithelioid MPEM, rather than benign
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Table I. Literature on neoplastic fever and hematologic system paraneoplastic syndrome associated with MPEM.

Pathological

Author, year Sex pattern Paraneoplastic syndrome Outcomes  (Refs.)
Selleslag, 1989 M NA Autoimmune hemolytic anemia OS3m 33)
Kimura, 2005 M Decidual Marked leukocytosis, thrombocytosis and elevated serum OS 1 year 34)

levels of C-reactive protein, granulocyte colony-stimulating

factor and IL-6
Banayan, 2006 F NA Weakness, anemia, recurrent jugular thrombosis/ NA 35)

inflammatory biological syndrome
Socola, 2012 M NA Recurrent thrombotic thrombocytopenic purpura syndrome NA (36)
Thakral, 2020 F Decidual Leukemoid reaction NA 37
Su, 2022 F Epithelioid Thrombocytosis, moderate anemia OS 15m ©)]
Chen, 2011 F NA Persistent high fever NA (38)
Hermann, 2013 M Epithelioid Fever of unknown origin OS2m 39)
Ishizuka, 2022 M NA Fever OS2m 40)

F/M, female/male; NA, not available; OS, overall survival; m, months.
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Figure 1. Timeline of the clinical course of the patient. Pem, Pembrolizumab; Tm, maximum temperature; SD, stable disease.

cystic mesothelioma. Ki-67 protein is present during all active
phases of the cell cycle (Gl1, S, G2 and mitosis) but is absent
in resting cells (G,). Therefore, Ki-67 protein is regarded as
an excellent marker of cellular proliferation and provides an
inference of tumor aggressiveness. Immunohistochemical
analysis indicated that the Ki-67 index was as high as 30%.
Several studies have found that Ki-67 >9 or >10% is an inde-
pendent indicator of poor OS benefits in malignant peritoneal
mesothelioma. Ki-67 >30% suggests that the tumor grows
faster than in indolent disease (10,11).

The multidisciplinary team did not recommend surgical
resection for three relative contraindications (inability to
achieve CC-0/1, PCI>17 and Ki-67 >9%). According to one
clinical study (10), patients with Ki-67 >9% are unlikely to
benefit from the procedure and should be considered for other
treatment protocols. Due to limitations of clinical technology
and medical equipment, hyperthermic intraperitoneal chemo-
therapy was not available at our hospital at the time. The

absence of standard recommendations and the patient's finan-
cial situation made the therapeutic plan even more challenging.
A literature review of the PubMed database was performed for
eligible studies on immunotherapy in patients with MPEM,
which was updated until July 2024. Key words and Medical
Subject Headings terms pertinent to the intervention of interest,
such as ‘peritoneal mesothelioma’ and ‘immunotherapy’ were
used. Further details of the eligible studies are presented in
Table II. Immunotherapy was previously applied for >1 line
treatment of advanced mesothelioma. As a first-line regimen,
Rizzolo et al (12) reported the first case using nivolumab
combined with ipilimumab for MPEM in 2022 with PFS
>8.0 m. In July 2023, Tang et al (13) reported the first OS data
(23.0 months) of first-line single agent nivolumab for MPEM.
In addition, two small-cohort retrospective trials and two case
reports supported the possibility of pembrolizumab used to
treat MPEM, while no accurate OS data of pembrolizumab as
first-line treatment are currently available (11-14).
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Figure 2. Imaging tests during diagnosis and pembrolizumab intervention. (A) Abdominal ultrasound showing multiple malignant, possibly cystic, and
scattered solid areas in the double adnexal areas and mesentery of the abdominal and pelvic cavities (maximum, 11.8x7.9 cm). (B) Pelvic MRI showing oval
mass and numerous partially fused nodules in abdominal and pelvic cavity. (C) Imaging examination showing the lesions in the upper abdominal cavity
(maximum diameter: 10.4x7.1 — 8.7x6.1 — 8.5x4.5 — 10.8x5.9 cm; Ca: CT images during diagnosis; Cb-d: MRI images after 2 cycles, 8 cycles, 12 cycles
of pembrolizumab intervention), with obvious liquefaction necrosis in the center of those lesions. (D) MRI showing the shrunken pelvic lesions (6.5x3.1 —
4.9x3.0 — 3.3x2.9 — 2.7x2.2 cm; Da-d: images before and after 3 cycles, 11 cycles, 13 cycles of pembrolizumab intervention). The lesion is diffuse and not
solitary. To check the efficacy conveniently, the largest lesion was marked as the targeted part with red arrows.

B
a

Figure 3. CT examination after first-line therapy. (A) 11.2 months, (B) 14.2 months and (C) 14.9 months after the first cycle of first-line therapy. (Aa-Ca)
Cross-section in peritoneal cavity (green boundaries); (Ab-Cb) cross-section in pelvic cavity. Maximum cross-section diameter of the mass (green boundaries)
in the peritoneal cavity (6.9 — 6.2x7.1 — 7.0x7.1 cm). Maximum cross-section diameter of the mass (green boundaries) in pelvic cavity (5.0 — 4.5 — 4.5 cm).
The largest masses are also highlighted (red arrows).
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Table II. Continued.

(Refs.)

Outcomes

Line

ICI targets

Disease Trial type Number® Phase ICI

Author, year

Identification

(56)

PFS 21 m

PD-1 + 2

Nivolumab +
ipilimumab
Nivolumab

MPEM with Case report 1/1

Lal, 2023

CTLA-4
PD-1

brain metastases
Double primary

13)

PFS 12 m,0S 23 m

1

1/1

Case report

Tang, 2023

malignant tumors
with MPEM and
nasopharyngeal

carcinoma

Marmarelis, 2023 MPEM

Deng, 2024

27
(14)
a7

PR rate 21.0%, mOS 20.9 m
DFS 33 m

Pembrolizumab PD-1 All

24/24

Retrospective trial

Case report
Case report

1

2

Pembrolizumab PD-1

1/1

MPEM
MPEM

DFS 4 years

Pembrolizumab PD-1

1/1

Bairos Menezes,

2024

XUE et al: PEMBROLIZUMAB FOR MPEM

“Number=(number of MPEM patients receiving ICI)/(number of mesothelioma patients receiving ICIs). MPEM, malignant peritoneal mesothelioma; ICI, immune checkpoint inhibitor; m, months; mOS,

median overall survival; PFS, progression-free survival; DFS, disease-free survival; ORR, objective response rate; PR, partial response; DCR, disease control rate; PD-1, programmed cell death 1; CTLA,

cytotoxic T-lymphocyte antigen; RCT, randomized controlled trial.

In general, MPEM and MPM are frequently studied
together to assess the therapeutic regimens (15). Since MPEM
and pleural mesothelioma are both rare lethal cancers, there are
few reports on the immunological and molecular differences
between them (16). Notably, only a few case reports and cohort
studies have focused on MPEM, thus providing insufficient
evidence for clinical guidance (11,15-17). However, differences
were observed in their clinical features. The lack of prospective
randomized controlled trials (RCTs) established guidelines and
consensus on MPEM management poses challenges in standard-
izing treatments for advanced non-resectable cases. According
to previous reports, MPEM usually occurs in younger women,
with less emphasis on asbestos exposure as a risk factor and
a lower mean age at death (18). Furthermore, mesothelioma
from the pleura and peritoneum have distinct genomic profiles,
and thus, various dysregulated pathways (19,20). Despite these
differences, no recommendations have been proposed specifi-
cally for the treatment of MPEM at the time of diagnosis.
Although approved by the Food and Drug Administration,
Chinese patients were unable to obtain tremelimumab from
any hospital or drug store at that time. The single-agent PD-1
inhibitor pembrolizumab has been proven to be an active agent
and has been added to the National Comprehensive Cancer
Network (NCCN) and Chinese Society of Clinical Oncology
guidelines as a second-line treatment option for MPM (21,22).
More importantly, there have been few successful attempts to
obtain preliminary results on pembrolizumab for MPEM in a
small-sample retrospective trial (23). In addition, the patient
agreed to this therapy regimen because of not only drug acces-
sibility, but also affordability.

An increasing number of studies, including genomic
sequencing analyses, have revealed some of the possible
molecular mechanisms underlying pathogenic/target regula-
tion in MPEM (Table SII). PD-L1 expression and the PD-1
checkpoint pathway in cancer are promising processes that
involve crucial targets, such as EGFR, PI3K, AKT and mTOR.
The current understanding of immunotherapy in MPEM is
limited by the small number of patients treated in clinical
studies. A possible mechanism of pembrolizumab treatment
for MPEM is summarized in Fig. 4. The anti-PD-1 agent
pembrolizumab could reactivate T cells, enhancing their
anti-tumor immune activity and exerting a strong anti-tumor
effect. According to pathological data, PD-L1 is expressed
in ~40-60% of mesotheliomas (24-26). A high frequency of
PD-L1 expression is associated with more aggressive tumor
biology and is also a biomarker for patients with MPEM that
may benefit from immunotherapy (27-30). In the patient of
the present study, immunotherapy may have been a priority,
since PD-L1 expression was 60%. Finally, surprisingly, the
patient of the present study benefited greatly from the therapy
regimen covered by the insurance. Of note, the patient's fever
and other unpleasant symptoms disappeared. Furthermore, an
abdominal lump shrinkage was observed. The patient achieved
maintained SD for up to 10 months and a long-term survival
benefit of 26.2 months. In addition, this case sets a new record
in the OS data for MPEM with paraneoplastic syndromes.
This finding is encouraging in rare disease settings in which
treatment options are limited.

However, individual factors cannot be ignored. The latest
NCCN guidelines for MPEM published on December 22nd,
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2021, recommended combination chemotherapy regimens of
pemetrexed plus cisplatin/carboplatin, with a median PFS of
7.3 months; as well as pemetrexed and cisplatin/carboplatin
plus bevacizumab, with a median PFS of 9.2 months (31),
or immunotherapy regimens (nivolumab plus ipilimumab;
median PFS, 6.8 months) (32) as first-line treatment. Although
pembrolizumab may be a new first-line treatment option, the
best treatment for MPEM requires verification in more clinical
cases. Further multicenter, large-sample RCTs are essential to
establish standard MPEM treatment strategies.

In conclusion, pembrolizumab may be an effective and
well-tolerated method for treating MPEM. More proof is
needed from further extensive clinical trials, resulting in better
individualized treatment plans and outcomes for such patients.
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