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Abstract: Malignant peritoneal mesothelioma (MPeM) is a rare and highly invasive malignant tumor with a lack of specificity in 
clinical manifestations, which can easily lead to misdiagnosis and missed diagnosis. Due to the difficulty of early diagnosis, most 
patients are already in the advanced stage when diagnosed, and the prognosis is poor. At present, there is no standard treatment 
strategy, and the existing treatment methods are not effective, the duration of remission is short, which cannot meet the clinical needs. 
Here we describe a patient with advanced MPeM, initially misdiagnosed as ovarian cancer, who responded to treatment with 
bevacizumab in combination with albumin-bound paclitaxel and cisplatin. In preparation for cytoreductive surgery (CRS), MPeM 
was confirmed by laparoscopic peritoneal nodule biopsy combined with histological and immunohistochemical results. Subsequently, 
due to intolerable neurotoxicity after chemotherapy, she received oral anlotinib therapy on April 25, 2022, and remained stable disease 
(SD) with the medication, having achieved more than 14 months of progression-free survival (PFS) as of the date of our manuscript 
submission. The patient’s total treatment time was over 19 months. These treatments delayed tumor progression, reduced drug side 
effects, maintained a good quality of life, and further extended overall survival (OS). Our experience is that on the one hand, it is 
necessary to increase the clinician’s understanding of the disease, and make full use of tissue samples and immunohistochemical 
staining to reduce the occurrence of misdiagnosis. On the other hand, based on preliminary evidence, we found that oral anlotinib 
offers a viable maintenance treatment strategy for patients with advanced mesothelioma, which needs to be further explored in future 
studies. 
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Introduction
Malignant peritoneal mesothelioma (MPeM) is a rare, highly malignant tumor with an incidence of 0.41 to 1.9 per 
1 million. Early diagnosis is difficult, and most patients are already in the advanced stage at the time of diagnosis, with 
a poor prognosis.1 Most of the clinical symptoms of MPeM are non-specific, and the diversity of clinical manifestations 
mainly depends on the degree of intraperitoneal tumor spread. There are often abdominal fluid accumulation, abdominal 
mass, abdominal distension, abdominal pain and intestinal obstruction clinically,2,3 which are very similar to the clinical 
manifestations of abdominal metastasis of ovarian cancer and other malignant tumors, so it is easy to be misdiagnosed in 
daily work.4,5 The final diagnosis of MPeM depends on histopathological analysis and immunohistochemistry results.5–7
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The treatment methods of MPeM include systemic chemotherapy, hyperthermic intraperitoneal chemotherapy 
(HIPEC), cytoreductive surgery (CRS), etc., but the current treatment strategy has not been unified. For operable 
patients, CRS combined with HIPEC can extend overall survival to more than 3 years.8,9 Unfortunately, the growth 
pattern of MPeM is different from that of other tumors in the abdominal cavity, and it often extensively involves the 
mesentery and parietal peritoneum. Even if the peritoneum is normal by naked eyes, it still has a pathologic positive rate 
of 54% under the optical microscope. Therefore, to achieve complete resection, extensive resection of the peritoneum and 
intestinal tube is required.10,11 At the same time, CRS/HIPEC combined treatment can lead to multiple complications 
such as intestinal leakage and bone marrow suppression, and not only the perioperative mortality is 1%-11%, but also the 
postoperative recurrence rate is as high as 35%.5,12 The overall prognosis of patients with postoperative recurrence and 
most patients who are already in the advanced stage when diagnosed is poor, with an average survival time of only 1 year 
and a 5-year survival rate of only 20%.7,13

Due to the rare occurrence and highly invasive nature of MPeM, it is difficult to conduct randomized clinical studies. 
Currently, there is no standard treatment plan, and most studies on the treatment of MPeM are extrapolated based on 
malignant pleural mesothelioma (MPlM).1 Some studies have shown that cisplatin combined with pemetrexed has the 
same efficacy as MPlM in the treatment of MPeM, and can be recommended as the first-line treatment for patients with 
unresectable MPeM.14,15 Due to the large adverse reaction and poor effect of systemic chemotherapy, local abdominal 
chemotherapy can be selected according to the patient’s condition. However, due to the lack of subsequent standard 
treatment, patients with drug resistance and adverse reactions have a poor prognosis.1,5

In recent years, molecularly targeted drugs and immunotherapy represented by immune checkpoint inhibitors (ICIs) 
have achieved great success in the field of cancer, and some treatments have also brought benefits to patients with 
malignant mesothelioma (MM), but their effectiveness and safety need to be repeatedly verified by further studies.16,17

This case is an elderly woman who was misdiagnosed with ovarian cancer based on imaging and cytology results at 
the initial diagnosis, and was finally diagnosed as epithelioid MPeM by laparoscopic peritoneal biopsy. There is currently 
no standard treatment option for advanced MPeM maintenance therapy. We evaluated the safety and efficacy of anlotinib 
maintenance in this advanced elderly MPeM patient who intolerable with chemotherapy and summarized the currently 
available evidence.

Case Presentation
A 66-year-old woman came to our hospital with abdominal distension for 1 month. About 1 month before the visit, the 
patient developed abdominal distension, which gradually worsened. Ultrasound examination revealed a large amount of 
abdominal fluid, and abdominal puncture and drainage were performed, and suspected cancer cells were detected in 
ascites.

Previous history: The patient underwent modified radical resection for right breast cancer on December 28, 2010 due 
to a right breast mass with a size of 1.5*1.0*1.0CM. The postoperative pathology was invasive lobular carcinoma with 
a histological grade of 2–3 and no axillary lymph node metastasis was found (0/12). Immunohistochemical results 
indicated ER (+), PR (-), HER2(-), Ki67(50%+). After 4 cycles of CE adjuvant chemotherapy, oral letrozole was taken 
for 5 years, and no signs of recurrence and metastasis were found during regular follow-up. She has a history of 
hypertension for more than 2 years. She denied any history of asbestos exposure or a family history of malignancy.

A baseline abdominal computed tomography (CT) (Figure 1A–C) examination of the patient revealed a large amount 
of fluid in the abdomen, cystic and solid mixed density masses in the perihepatic, intraperitoneal, pelvic, retroperitoneal, 
and bilateral adnexal areas, which were significantly enhanced after enhanced scanning, while the peritoneum was diffuse 
and thickened, and part of the greater omentum was cake shaped. After hospitalization, chest CT and gastroenteroscopy 
were completed and no signs of tumor were found. Assay CA125 greater than 1000u/mL.

On November 29, 2021, peritoneal puncture catheterization was performed, and the extracted ascites were sent for 
examination of shed cells several times, but only a small number of tumor cells were found in the ascites, and tumor cells 
were finally collected to prepare cell wax blocks. Immunohistochemical examination showed that HBME1(-) CK7(+) 
CEA (-) CK (+) WT-1(1% weak +) D2-40 (-) PAX-8(individual +), combined with immunohistochemical results, clinical 
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images and tumor markers, reproductive origin tumors were considered, and mesothelial origin tumors were not 
considered. The patient was therefore diagnosed with extensive abdominal metastasis of ovarian cancer.

After the tumor was assessed as unresectable by a specialist in gynecologic oncology, we administered intraperitoneal 
chemotherapy combined with systemic chemotherapy combined with bevacizumab (bevacizumab 400mg IV on day 1+ 
albumin-bound paclitaxel 400mg IV on day 1+ Cisplatin 60mg intraperitoneal perfusion on day 1.8, q3w) on 
December 2, 2021. After 1 cycle of treatment, the patient’s abdominal distension was quickly relieved and ascites 
subsided significantly. CT reexamination after two cycles of treatment showed that ascites disappeared, abdominal and 
pelvic masses were significantly reduced, and we judged the efficacy as partial remission (PR) (Figure 1D–F). CA125 
decreased significantly to 117 u/mL.

Figure 1 Abdominal CT before and after treatment. (A–C) (November 24th, 2021) A baseline abdominal computed tomography (CT) scan before treatment. (D–F) 
(January19th, 2022) After “bevacizumab + albumin-bound paclitaxel + Cisplatin” treatment was given for 2 cycles. (G–I) (April21th, 2022) After “bevacizumab + albumin- 
bound paclitaxel + Cisplatin” treatment was given for 5 cycles. (J–L) (May8th, 2023) After “Oral anlotinib maintenance therapy” was given for 12.5 months.
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The gynecological oncologist was consulted again to evaluate the possibility of surgical resection and to prepare for 
cytoreductive surgery (CRS) after communicating with the patient. In the third cycle, bevacizumab was discontinued and 
cisplatin was adjusted to 30mg intravenous infusion on day 1–4. During chemotherapy, the patient developed grade 3 
leukopenia, grade 2 gastrointestinal reactions, and grade 2 neurotoxicity. Laparoscopic exploration surgery was per
formed on February 21, 2022, during which uterine atrophy was observed with regular morphology, and no abnormalities 
were observed in the appearance of both fallopian tubes and ovaries, but multiple gray and white nodules were observed 
on the uterus, adnexa, mesentery, surface of liver, peritoneum, and surface of the omentum. The omentum was in the 
shape of cakes and was extensively attached to the bowel. After laparoscopic evaluation, it was found that the lesions 
were extensive, and surgical resection was difficult with little possible benefit. After communicating with the family 
again, cytoreductive surgery (CRS) was abandoned, and only peritoneal nodule biopsy was completed.

Postoperative pathology (Figure 2A) showed (peritoneum)malignant tumor. Hematoxylin and eosin staining showed 
that tumor cells were arranged like nests without obvious papillary structure. Meanwhile, tumor cells were epithelioid, 
a few were fusiform, the cytoplasm was hyaline, and the nucleus was obviously heterogeneous. Immunohistochemical 
results (Figure 2B–E) showed CK5/6 (+), Calretinin (-), HBME1 (+), PAX - 8 (+), P53 (+ 80%), WT - 1 (Scattered +), 
CEA (-), D2-40 (-), ER (+ 80%), Vim (+), Combined with histological findings, the patient was eventually diagnosed 
with malignant peritoneal mesothelioma (mainly epithelial differentiation).

Considering that the initial chemotherapy regimen was effective, the original regimen was continued for 2 cycles. CT 
reexamination after 5 cycles showed that the efficacy remained PR (Figure 1G–I) and CA125 8 u/mL. However, at this 
time, the patient developed severe hand and foot numbness with tingling and did not recover during intermittent periods, 
so the patient refused to continue chemotherapy and asked to try oral drugs for maintenance therapy.

Due to the lack of standard treatment options, our team initiated a strategy for oral anlotinib maintenance therapy after 
reviewing the literature and communicating with patients. Therefore, treatment with oral anlotinib [10 mg once a day 
(qd) on days 1–14 every 3wk] was administrated on April 25, 2022.Regular follow-up during maintenance treatment, 
multiple CT reviews showed that the intraperitoneal lesions remained stable, and the overall evaluation was stable 
disease (SD) (Figure 1J–L). Meanwhile, the main toxicity in patients during this period is high blood pressure, which can 
be well controlled. Up to the time of submission of this paper, the performance status (PS) score of the patient remained 
0, and the PFS has been obtained for more than 14 months after monotherapy anlotinib maintenance treatment, and the 
overall OS has been obtained for more than 19 months.

Figure 2 Histopathological staining and Immunohistochemical stain of peritoneal surface nodules. (A) hematoxylin and eosin stain. Magnification: × 200; (B–E) 
Immunohistochemical stain: (B) CK5/6(+); (C) HBME1(+); (D) Vim (+); (E) WT-1(1% weak +); (200X).
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However, CA125 began to rise again in January 2023. CA125 was significantly elevated when the patient was first 
diagnosed, and gradually decreased to the normal range after receiving chemotherapy. It had been stable for a while, but 
it seemed to be on the rise recently (Figure 3). It is suggested that CA125 may be used as a biomarker to evaluate efficacy 
and monitor recurrence in MPeM patients. As the patient remained stable on imaging and had no associated symptoms, 
we continued the current maintenance therapy with anlotinib.

Patient responses to all medications were classified and graded according to the Solid Tumor Response Evaluation 
Criteria (RECIST), and adverse events were classified and graded using the National Cancer Institute Standard for 
Common Terminology for Adverse Events (NCI-CTCAE) version 4.0. All procedures carried out in studies involving 
human participants comply with the ethical standards of institutions and/or national research councils and are in 
accordance with the Declaration of Helsinki (as amended in 2013). Informed consent was obtained prior to each 
treatment in this case report. Patients also sign informed consent forms for the release of relevant clinical and imaging 
data from their cases, included consent for the publication of the case details.

Discussion
Malignant mesothelioma (MM) is a highly malignant tumor originating from mesothelial cells and involving pleura, 
peritoneum, pericardium, ovary and vaginae of testis, etc. The pleura cavity is the most common and the peritoneum is 
relatively rare.5 Malignant peritoneal mesothelioma (MPeM) originates in the peritoneal lining and usually appears 
diffuse, spreading widely throughout the abdomen, with rare metastases spreading beyond the abdominal cavity.5,13

The etiology of MM is not fully understood, the main risk factor is asbestos exposure, about 80% of pleural 
mesothelioma patients may be associated with it, but only 50% of peritoneal mesothelioma patients have a history of 
asbestos exposure. In addition, the etiology of MM may also be related to infection, some organic chemicals, minerals, 
radiation, Simian Virus 40 (SV40) and genetic factors.13,18

MM presents different clinical symptoms depending on the location of the disease, and the diagnosis mainly depends 
on imaging and pathological examination. Typical imaging findings are localized or diffuse pleural or peritoneal 
thickening, which may be accompanied by multiple nodules of varying sizes. If patients have pleural or abdominal 
effusion, some of them can be definitively diagnosed by cytological examination, but the final diagnosis is based on 
histopathological analysis combined with immunohistochemical examination results.5,7

Since the incidence of MPeM is rare, and most MPeM are asymptomatic or have no specific symptoms in the early 
stage of the disease, the onset of the disease is insidious, and the diagnosis is usually in the advanced stage.5,13 The 
diversity of clinical manifestations mainly depends on the degree of intraperitoneal tumor spread, and often presents with 

Figure 3 Dynamic evolution of CA125 during the course of disease.
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abdominal fluid accumulation, abdominal mass, abdominal distension, abdominal pain and intestinal obstruction,2,3 

which is very similar to the clinical manifestations of intraperitoneal metastasis of ovarian and other malignant tumors, 
so it is easy to be misdiagnosed in daily work.4,5

First of all, imaging examination is the main cause of misdiagnosis in patients without pathological examination, 
because typical imaging findings of mesothelioma are rarely seen in practice. Among them, MPeM needs to be 
distinguished from peritoneal metastasis of female ovarian cancer, peritoneal metastasis of male gastric cancer, lym
phoma and tuberculous peritonitis.4,5 At the same time, the pathological diagnosis of MPeM is also easy to fall into the 
diagnostic trap. Misdiagnosis or missed diagnosis of cytology is another important factor leading to clinical misdiagnosis. 
In terms of cytological diagnosis, 60% to 70% of mesothelioma patients with peritoneal effusion can be diagnosed by 
detecting exfoliative cytology in ascites. However, only a very small number of malignant cells can be detected in ascites, 
and the positive detection rate of tumor cells is less than 51%.3

Some experts believe that the diagnosis of mesothelioma by cytology must meet the requirements of tumor cell atypia and 
mesothelioma characteristics, and the tumor cells express mesothelial cell-derived immune markers. For patients who cannot 
obtain pleural or peritoneal lesion tissues, if the number of mesothelioma cells is sufficient and representative, the diagnosis of 
MM can be made by preparing cell wax blocks for immunohistochemical examination and fluorescence in situ hybridization 
analysis, combined with clinical manifestations and imaging examinations.19

This case was initially misdiagnosed as ovarian cancer with peritoneal metastasis. On the one hand, it was 
misdiagnosed as adenocarcinoma due to the small number of tumor cells found in the cytological examination of ascites 
shedding, and the lack of typical mesothelioma features, which cells presented as morula cells with vacuoles in the 
cytoplasm. On the other hand, when collecting tumor cells from patients to prepare cell wax blocks and conducting 
immunohistochemical analysis, CK (+) CK7(+) CEA (-) HBME1 (-) WT-1(1% weak +) D2-40 (-) PAX-8(individual +) 
was indicated, among which mesothelioma derived immune markers were mostly negative. Eventually, combined with 
imaging and tumor markers, it was mistaken for ovarian cancer with peritoneal metastasis.

However, the final diagnosis of MPeM relies on histopathological analysis combined with immunohistochemical 
examination. In terms of histopathologic diagnosis, MM is characterized by bidirectional differentiation and is divided 
into three types, namely epithelial type, sarcomatous type and mixed type.6 Among them, epithelial type is the most 
common, accounting for 70%, which is arranged into glandular tube, papillary, cord and nest. The tumor cells are diverse 
and have obvious atypia.Because the histopathological manifestations of mesothelioma are very similar to those of 
adenocarcinoma in hematoxylin-eosin staining, the pathologist’s lack of knowledge or experience in the pathological 
features of the disease can still lead to misdiagnosis.6

In particular, epithelioid mesothelioma with tubular, papillary structure is very similar to ovarian serous cancer, because 
some high-grade serous cancers also have a variety of papillary, adenoid, and solid growth patterns. Immunohistochemical 
detection is an indispensable part of the diagnosis of MM. Immunohistochemical staining is used in the diagnosis and 
differential diagnosis of MM to distinguish epithelioid MM from various cancers (lung, breast, ovary, gastric).5,6

MM does not have specific antibodies. Mesothelioma not only expresses epithelial-derived immune markers such as 
CKpan, CK7, CK8/18, etc., but also mesothelial derived markers. Combined detection of multiple antibodies is often 
required for comprehensive diagnosis. Useful markers for the diagnosis of mesothelioma include calretinin, Wilms1 
(WT-1), cytokeratin 5/6, Vimentin and podoplanin (D2-40). However, the sensitivity and specificity of single indicators 
are not 100%, so when all clinical manifestations, imaging and histological features are consistent, experts recommend 
the use of at least 2 mesothelioma and 2 cancer markers to make the sensitivity and specificity greater than 80%.5,6,20 

Diagnosis of MM can be challenging for pathologists, and it is important to correlate histological findings from sufficient 
biopsy samples with clinical and imaging features.

Our patient underwent laparoscopic biopsy of peritoneal masses. Postoperative pathology revealed (peritoneum) malig
nant tumor.Tumor cells were arranged in a nest-like manner without obvious papillary structure and they were epithelioid with 
a small number of fusiform cells. Immunohistochemistry also marked multiple mesothelial derived markers, among which 
HBME1(+), WT-1(scattered +) and Vim (+) were simultaneously positive, but CEA was negative. Combined with histomor
phologic characteristics, the final diagnosis was MPeM (mainly epithelial differentiation). Therefore, the pathological 
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manifestations of mesothelioma are diverse, and if only one mesothelial derived immune marker is selected during diagnosis, 
misdiagnosis is likely to occur after negative expression.

Therefore, in order to reduce the occurrence of clinical misdiagnosis, appropriate histological specimens are very 
important for pathological and immunohistochemical examination. Laparoscopy, exploratory laparotomy, CT or ultra
sound guided puncture biopsy have become the main means to obtain specimens. At present, laparoscopy is recom
mended as the first choice for reasons such as less trauma, more abundant excision biopsy specimens, safer biopsy under 
visual conditions and higher success rate.1

In addition, with the further study of mesothelioma, some cytogenetic and molecular markers are helpful for 
diagnosis. CDKN2A/P16 deletion has been reported in up to 70% of primary epithelioid mesotheliomas and 90% to 
100% of sarcomatoid mesotheliomas. The presence of this homozygous gene deletion is by far the best indicator of 
mesothelioma.20 For patients with economic conditions, high-throughput sequencing technology can also be used for 
genetic testing. Common genetic mutations in mesothelioma include BAP1, SETD2, NF2, CDKN2A/B, LASTS1/2, 
PBRM1 and SMARCC1, etc., especially for patients with histological diagnosis difficulties, through the results of 
combined genetic testing, it helps to make accurate pathological diagnosis. At the same time, high-throughput sequencing 
technology gene detection can not only assist in diagnosis, but also find the sites of targeted drugs and provide basis for 
genetic counseling.5

In summary, our patient was initially mistaken for peritoneal metastasis of ovarian cancer, which was related to our 
insufficient understanding of the disease. MM patients have low incidence, atypical clinical manifestations and lack of 
specificity. For imaging findings of atypical peritoneal mesothelioma, such as nodular thickening of the peritoneum, 
radiologists and clinicians need to include mesothelioma in the differential diagnosis and conduct histopathological examina
tion as early as possible to avoid misdiagnosis, regardless of prior tumor history. Although laparoscopy has certain risks, it can 
observe the gross manifestations of the tumor in the serosal cavity, and can accurately clip or remove the tumor, through 
histopathological examination, combined with relevant immune markers, so as to more accurately diagnose mesothelioma. In 
patients with conditions, laparoscopy is strongly recommended when cytology is not definitive.

Due to the rarity and highly aggressive nature of MPeM, clinical diagnosis is usually at an advanced stage, when it is 
often manifested by abdominal complications caused by the spread of the disease, or manifested by starvation. Without 
treatment, life expectancy is less than one year.13 Although some progress has been made in the treatment of MPeM, the 
prognosis for MPeM remains poor. At present, there are few clinical trials evaluating systematic treatment for 
unresectable advanced MPeM, so there is no standard treatment protocol. Most studies on the treatment of MPeM are 
extrapolated based on pleural mesothelioma.1

Pemetrexed combined with cisplatin chemotherapy may be considered for patients who cannot be surgically 
resected.14,15 Although cisplatin combined with pemetrexed is the standard first-line chemotherapy regimen for unre
sectable malignant pleural mesothelioma (MPlM),21,22 the efficacy of this regimen in malignant peritoneal mesothelioma 
(MPeM) remains unclear. Some studies with a small sample size have shown that cisplatin combined with pemetrexed 
can benefit malignant peritoneal mesothelioma (MPeM), with a median progression-free survival of 7.1–11.0 months and 
a median overall survival of 15.4–15.8 months, which is consistent with the efficacy of MPlM and can be recommended 
as the first-line treatment for patients with unresectable MPeM.14,15

In terms of maintenance therapy, a previous Phase II study showed that pemetrexed maintenance therapy did not 
bring survival benefits to patients with MPlM.23 Due to the low concentration of drugs in the abdominal cavity during 
systemic chemotherapy, the therapeutic effect is limited and the side effects are large, so some studies have shown that 
local abdominal chemotherapy can be selected according to the patient’s situation. There is currently no second-line 
treatment option for peritoneal mesothelioma that has shown survival benefit as a relapsed or refractory disease once 
first-line treatment has developed resistance, so inclusion in clinical trials is considered.5

Recently, immune checkpoint inhibitors (ICIs) have shown some advantages in the treatment of various tumors. 
Monotherapy PD-1 inhibitors such as nivolumab, pembrolizumab, and PD-L1 inhibitors such as avelumab have shown good 
clinical efficacy and safety in multiple studies,17,24,25 providing new treatment options for patients with advanced mesothelioma. 
However, monotherapy immunotherapy has limited effect on overall prognosis.Dual immunotherapy is thought to be more 
effective. CheckMate 743 study also demonstrated for the first time that dual immunotherapy as a first-line treatment improves 
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survival in patients with unresectable MPlM. Nivolumab combined with ipilimumab resulted in a significant OS benefit 
compared to pemetrexed combined with cisplatin/carboplatin standard chemotherapy (median OS 18.1 months vs 14.1 months; 
HR = 0.74, P = 0.002), and the 3-year overall survival benefit was 23% and 15%, respectively, indicating that dual 
immunotherapy can bring lasting survival benefit to patients.26 However, the above studies were carried out in MPlM, but 
there are no studies on MPeM at present.In the Phase II clinical study of CTLA-4 antibody tremelimumab and PD-L1 antibody 
durvalumab in the treatment of advanced MM, Calabrò et al included a total of 40 patients with unresectable pleural 
mesothelioma and peritoneal mesothelioma. The results showed that the patients’ median PFS and median OS were 5.7 months 
and 16.6 months, respectively, with good efficacy and safety.27

With the deepening of research on MM, molecular targeted therapy has attracted more and more attention. Studies 
have found that EGFR is overexpressed in 44 to 97% of MM patients and ALK rearrangement in 13% of MPeM patients, 
but the efficacy of tyrosine kinase inhibitors (TKIs) is not ideal.28,29 Angiogenesis plays a crucial role in the growth, 
progression and metastasis of malignant tumors.30 Vascular endothelial growth factor (VEGF)secreted by tumor cells can 
stimulate the proliferation of vascular endothelial cells, leading to changes in vascular permeability and angiogenesis.31 

Vascular endothelial growth factor is also a key mitogen of malignant mesothelioma cells, and serum VEGF level is 
significantly negatively correlated with the survival rate of patients with MM, suggesting that VEGF production can not 
only promote tumor angiogenesis, but also directly stimulate tumor growth. VEGF may be a key regulatory factor of MM 
growth. It is related to the pathogenesis of malignant mesothelioma.32 Studies have shown that drugs that target VEGF or 
its receptors may be effective.

There is increasing evidence that inhibition of angiogenic pathways can be used as a strategy for the treatment of 
MM. A Phase III clinical study showed that bevacizumab combined with pemetrexed plus cisplatin significantly 
improved OS in MPlM patients, extending the median OS by 2.7 months (18.8 months vs 16.1 months). This study 
established the first-line treatment status of bevacizumab combined with pemetrexed plus cisplatin.16 However, con
sidering the small survival advantage of bevacizumab and the increased adverse reactions after combination therapy,16 

many countries have not approved the treatment of bevacizumab.
A multicenter, double-blind, randomized Phase II clinical trial (RAMES Study)33 explored the efficacy and safety of 

gemcitabine plus ramucirumab as a second-line treatment for patients with MPlM, following pemetrexed plus a platinum 
regimen. The results of this study suggest that gemcitabine combined with ramumab compared with gemcitabine alone 
significantly improves OS (13.8 months vs 7.5 months) and is a viable second-line treatment option for advanced MPlM, 
regardless of patient age, histological type, and time to disease progression after first-line treatment.

In addition to the anti-vascular targeting drugs of these macromolecular monoclonal antibodies, small-molecule 
multi-target anti-vascular tyrosine kinase inhibitors have also been studied. In a Phase II clinical study,34 the efficacy of 
first-line anti-vascular TKI nintedanib combined with chemotherapy was observed. The median PFS in patients treated 
with nintedanib combined with chemotherapy was 9.7 months compared with placebo (HR: 0.49, P=0.006). The median 
OS was 20.6 months (HR: 0.70, P=0.197), indicating some efficacy. Unfortunately, in the subsequent phase III clinical 
study of LUME-Meso, it was not observed that nintedanib combined with chemotherapy improved patient survival.35 

Other small-molecule multi-target anti-angiotyrosine kinase inhibitors, including axitinib, sorafenib and imatinib, failed 
to benefit patients in the treatment of MPlM.24

It can be seen that although the overall efficacy of anti-angiogenesis drugs is limited, it may also bring some 
improvement in survival for some MPlM patients. Therefore, the selection of effective anti-vascular targeted drugs for 
MM patients is still being explored, including its application in MPeM. Yang et al evaluated the anti-tumor activity and 
safety of vascular endothelial growth factor receptor 2(VEGFR-2) inhibitor Apatinib in MPeM in vitro and in vivo, and 
the results confirmed that Apatinib can effectively inhibit the proliferation and metastasis of MPeM.36

Anlotinib is a novel multi-target TKI independently developed in China, which simultaneously blocks vascular 
endothelial growth factor receptor (VEGFR), fibroblast growth factor receptor (FGFR), platelet-derived growth factor 
receptor (PDGFR), c-Kit and Ret, which are involved in tumorigenesis and tumor angiogenesis, and it has shown 
antitumor effects on a variety of tumor models in vitro and in vivo.37–39 Importantly, according to preclinical studies, 
effect of anlotinib is superior to that of sunitinib, sorafenib, and nintedanib, which are the three major clinical 
antiangiogenic drugs.37,38
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Researchers evaluated the safety and antitumor activity of anlotinib in patients with a variety of advanced refractory solid 
tumors, including non-small cell lung cancer, colon cancer, renal cell carcinoma (RCC), thyroid medulla cancer, and soft tissue 
sarcoma. The results of the study showed that anlotinib has a broad spectrum of anti-tumor potential and controlled toxic.40 

Results from Phase II /III clinical trials as well as the results of a retrospective study indicate that anlotinib has demonstrated 
encouraging clinical activity in a variety of solid tumors, including non-small cell lung cancer, liver cancer, RCC, and soft 
tissue sarcoma.41–43 Anlotinib was approved by the CFDA in 2018 as a third-line treatment for patients with advanced 
NSCLC. Anlotinib had a significantly lower incidence of grade 3 or higher side effects compared to Sunitinib.41,43

These findings suggest that anlotinib, which targets vascular pathways that promote tumor growth, has shown 
encouraging clinical activity and is well tolerated in a variety of epithelial malignancies and soft tissue sarcomas, and 
it is reasonable to speculate that anlotinib may be a reasonable option for advanced malignant mesothelioma where 
treatment options are relatively sparse, although its effect on MM has not been studied.

Here, we report a patient with advanced MPeM who achieved a prolonged remission with anlotinib maintenance therapy. 
Anlotinib monotherapy kept tumors stable for more than 14 months, providing a targeted treatment option for MPeM patients. 
Since only one MPeM patient was observed in this report, the clinical data are very limited, and further observation and 
accumulation of more experience are needed. We want to encourage researchers to focus on patients with advanced MPeM, 
and well-designed trials are needed in the future to obtain better evidence to validate the findings in our report.

In this case, we also continuously monitored the dynamic changes of her CA125. Currently, circulating tumor markers 
have not been extensively studied in MPeM management. Some researchers explored the clinical significance of CA125, 
CEA and CA19.9 in MPeM patients, and found that CA125 had the highest baseline diagnostic sensitivity rate, which 
was 53.3%. CA125 can turn negative in patients treated with appropriate cytoreductive surgery (CRS) and hyperthermic 
intraperitoneal chemotherapy (HIPEC), while CA125 remains elevated in patients with persistent macro disease. This 
study suggests that further studies are needed to evaluate the role of CA125 in MPeM management.44

Our patient had a significant increase in CA125 at the initial diagnosis, and after response to chemotherapy, CA125 
gradually decreased to the normal range with the remission of the disease, and remained stable for a time, suggesting that 
CA125 may be used as a biological indicator to evaluate efficacy and monitor recurrence in MPeM patients. 
Unfortunately, the patient’s CA125 has recently shown an upward trend, which seems to indicate the possibility of the 
disease progressing again. As the patient remained stable on imaging and asymptomatic, we continued maintenance 
therapy with anlotinib.

Although there are no routine predictive biomarkers for identifying patients who may benefit from MM treatment, 
a deeper understanding of the biology of MM could reveal more molecular mechanisms of MM in the future, offering the 
possibility of implementing individualized treatment.

Conclusion
In summary, the onset of MPeM is hidden and the clinical manifestations lack specificity, which is easy to cause 
misdiagnosis and missed diagnosis. At the same time, the existing treatment methods of MPeM are not effective and the 
prognosis is poor. Actively carrying out puncture biopsy or laparoscopy to obtain tissue samples and applying multiple 
immune markers in pathological diagnosis can reduce the probability of misdiagnosis of malignant mesothelioma. With 
the deepening of the research and understanding of MPeM, the continuous development of molecular targeting and 
immunotherapy will bring a new dawn for the diagnosis and treatment of MPeM.
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