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Abstract: Objective: To investigate the clinical efficacy of cytoreductive surgery (CRS) combined with hyperthermic 
intraperitoneal chemotherapy (HIPEC) for treating malignant peritoneal mesothelioma (MPM) and to assess the 
impact of this approach on patient prognosis. Methods: A retrospective analysis of 44 patients with MPM was 
performed. The control group (CNG, N = 23) was treated with CRS combined with postoperative intraperitoneal 
(IP) chemotherapy, while the observation group (OG, N = 21) was treated with CRS combined with HIPEC. The 
treatment efficacy, volume of blood loss, operation time, postoperative length of stay, and 3-year survival rate (SR) 
were compared, and the factors affecting the prognosis of MPM patients were analyzed by multivariate analysis. 
Results: The OG showed decreased volume of blood loss and operation time, while also showing increased overall 
treatment efficacy compared with the CNG. The SR in the OG was 65.22% compared with a rate of 33.33% in the 
CNG, and the 3-year SR in the OG was significantly higher than that in the CNG. Multivariate analysis revealed that 
tumor-node-metastasis (TNM) stage, Eastern Cooperative Oncology Group (ECOG) score, and treatment modality 
were independent risk factors for the prognosis of MPM patients. Conclusion: CRS combined with HIPEC for MPM 
has a favorable treatment efficacy and prolongs the survival of MPM patients. Additionally, TNM stage, ECOG score, 
and treatment modality are independent risk factors for the prognosis of MPM patients.

Keywords: Cytoreductive surgery, efficacy, hyperthermic intraperitoneal chemotherapy, malignant peritoneal me-
sothelioma, prognosis

Introduction

Malignant peritoneal mesothelioma (MPM) is a 
malignant tumor originating from peritoneal 
mesothelial cells [1, 2]. MPM accounts for 
approximately 10%-15% of all malignant meso-
theliomas. Its main symptoms are abdominal 
pain, bloating, an abdominal mass, ascites, 
weight loss, fever, and vomiting. It is usually 
related to occupational or environmental inha-
lation of asbestos fibers and other elongated 
mineral particles [3-5]. The onset of MPM is 
insidious, and owing to the lack of specificity of 
clinical symptoms, it is easily missed, making 
early diagnosis and effective treatment diffi-
cult. The incubation period of MPM can be as 
long as 20-40 years, and the prognosis is 
extremely poor, with most patients dying within 
1 year of diagnosis, making it a malignant tu- 
mor type with a high mortality rate [6, 7].

The traditional treatment options for MPM 
include surgery, radiation therapy, and chemo-
therapy [8, 9]. Patients with early stage MPM 
can achieve good outcomes with surgery, but  
if MPM involves the entire peritoneal cavity, 
achieving good outcomes with surgery may be 
difficult. Without adjuvant treatment, complete 
resection may not prolong patient survival, and 
this approach may lead to serious complica-
tions and high mortality rate [10-12].

Cytoreductive surgery (CRS) involves the re- 
moval of the tumor foci in the pelvic and abdo- 
minal cavities to the greatest possible extent 
such that the residual foci are ≤1 cm in diame-
ter [7], making them invisible to the naked eye 
[13, 14]. During hyperthermic intraperitoneal 
chemotherapy (HIPEC), the surgeon continu-
ously circulates a heated, sterile chemothera- 
py solution throughout the peritoneal cavity, 
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increasing the temperature of malignant tumor 
tissue to the effective temperature to induce 
apoptosis of tumor cells without damaging nor-
mal tissues. HIPEC also has immunostimulato-
ry effects on primary tumors and metastases, 
and this has drawn attention in recent years 
[15, 16]. Sugarbaker et al. [17] performed a 
pharmacokinetic study of HIPEC with adriamy-
cin. CRS combined with HIPEC was performed 
in 145 colorectal cancer patients with perito-
neal metastases. The concentration of adria- 
mycin on the surface of the peritoneal cavity 
was found to be 78 times higher than that in 
serum. After 90 min of treatment, 12% of the 
agent was retained in the solution and 88% 
could be absorbed by the body. The extent of 
visceral resection and peritoneal resection 
increased the clearance of adriamycin in the 
peritoneal cavity. The largest study to date on 
this topic was conducted by Yonemura et al. 
[18], who showed that 83 patients with gastric 
cancer underwent CRS combined with HIPEC 
(mitomycin C [MMC], etoposide, and cisplatin 
[DDP]), and the 1-year and 5-year survival  
rates (SRs) were 43% and 11%, respectively.

CRS is usually performed for visible lesions 
[19], this study investigated the efficacies of 
different treatment modalities in 44 in-pa- 
tients with MPM and analyzed the factors 
affecting the prognosis of patients with MPM.

Materials and methods

Baseline data

Forty-four MPM patients treated at our hospital 
between July 2014 and August 2015 were 
enrolled as study subjects and divided into an 
observation group (OG) (23 cases) and a con-
trol group (CNG) (21 patients). Patients in the 
CNG were treated with CRS combined with 
postoperative intraperitoneal (IP) chemothera-
py, and those in the OG were treated with CRS 
combined with HIPEC. There were 15 men and 
8 women in the OG aged 44-78 years, with a 
mean age of 59.58±7.63 years (21 cases, dif-
fuse type MPM and 2 cases, limited type  
MPM). There were 12 men and 9 women in the 
CNG aged 42-73 years, with a mean age of 
56.27±5.23 years (18 cases, diffuse type  
MPM and 3 cases, limited type MPM). The in- 
clusion criteria were as follows: patients diag-

nosed through pathological examination and 
meeting the diagnostic criteria for MPM [20]; 
willingness to accept the treatment option pro-
vided; age 35-85 years; no history of radiother-
apy or chemotherapy prior to treatment; no  
distant metastasis; and availability of com- 
plete clinicopathological and follow-up data. 
The following patients were excluded: those 
with malignant tumors in other organs, pati- 
ents with missing clinical data, patients with 
hepatic and renal insufficiency, patients with 
poor cardiopulmonary function, patients ex- 
pected to be intolerant to the involved agents 
and treatments, patients with severe inflam- 
mation, and pregnant or lactating women. This 
study was approved by the Ethics Committee  
of Xi’an No. 3 Hospital, the Affiliated Hospital  
of Northwest University (No. SYLL-2021-038). 
The research subjects and their families were 
informed and they signed a fully-informed con-
sent form.

Treatment methods

Patients in the CNG were treated with CRS 
combined with postoperative IP chemothera- 
py, and those in the OG were treated with CRS 
combined with HIPEC. All patients underwent 
laparotomy under general anesthesia, and a 
median incision was made from below the 
xiphoid process (or 5 cm above the umbilicus) 
to the pubic symphysis. After the cavity was 
opened, the severity and range of tumor inva-
sion from the diaphragm to the pelvic peri- 
toneum, tumor size, tumor location, and the  
volume of ascites were recorded. The peri- 
toneal cancer index (PCI) was calculated [21]. 
After performing CRS, patients in the OG un- 
derwent high-precision HIPEC using a therapy 
system (Guangzhou Borui Medical Technology 
Co., BRTRG-II). The following regimen was  
used: DDP 100 mg/m2, MMC 20 mg/m2, and 
loplatin 50 mg/m2. Two to three weeks after 
surgery, postoperative adjuvant chemotherapy 
was administered to patients with a stable  
condition, including systemic chemotherapy 
and/or IP chemotherapy and intravenous/peri-
toneal chemotherapy. In platinum-sensitive 
patients, platinum-based chemotherapy was 
continued postoperatively, and in platinum-
resistant patients, platinum-free regimens we- 
re used for chemotherapy, such as regimens 
including paclitaxel (100 mg/m2). The following 
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conditions were used: perfusion solution, 0.9% 
sodium chloride solution (12,000 ml); perfu-
sion temperature, 43±0.5°C; and continuous 
perfusion time, 60-90 min.

Follow-up visits

Thirty-three patients were followed-up by tele-
phone interviews and home visits at 3-month 
intervals for a duration of 3 years. The follow- 
up period ended in August 2018. All patients 
underwent complete follow-up. 

Assessment of therapeutic efficacy

Patients’ clinical outcomes were evaluated 
after treatment [22], with outcomes catego-
rized as complete response (CR), partial re- 
mission (PR), stable disease (SD), and progres-
sive disease (PD). CR was defined as the com-
plete disappearance of the tumor with no new 
lesions; PR was defined as a tumor size reduc-

oup. Count data are expressed as the percent-
age (%), and between-group comparisons were 
performed using the χ2 test. The Kaplan-Meier 
method was used to draw survival curves, and 
the log-rank test was used to compare survival 
curves. A Cox regression model was estab-
lished to analyze the factors influencing prog-
nosis. Differences were considered statistical- 
ly significant at a p value <0.05. 

Results

Baseline data

No significant differences in sex, age, smoking 
history, history of alcohol consumption, educa-
tion level, place of residence, tumor-node-
metastasis (TNM) stage, pathological classifi-
cation, body mass index, aspartate amino-
transferase (AST) levels, and alanine amino-
transferase (ALT) levels between the two gro- 
ups were noted (P>0.05, Table 1).

Table 1. Clinical data of the patients (n [%]) (x ± sd)

Grouping Observation 
group (n = 23)

Control  
group (n = 21) t/χ2 P

Gender 0.302 0.582 
    Male 15 (65.22) 12 (57.14)
    Female 8 (34.78) 9 (42.86)
Age (years) 59.58±7.63 56.27±5.23 1.622 0.104 
History of smoking 0.954 0.329 
    Yes 11 (47.83) 7 (33.33)
    No 12 (52.17) 14 (66.67)
History of drinking consumption 0.302 0.583 
    Yes 15 (65.22) 12 (57.14)
    No 8 (34.78) 9 (42.86)
Education level 2.277 0.131 
    High school and below 9 (39.13) 13 (61.9)
    College and university 14 (60.87) 8 (38.1)
Residence 1.386 0.239 
    Rural 15 (65.22) 10 (47.62)
    Urban 8 (34.78) 11 (52.38)
TNM Staging 0.192 0.661 
    I + II 13 (56.52) 11 (52.38)
    III + IV 10 (43.48) 10 (47.62)
Pathological typing 0.341 0.560 
    Diffuse 21 (91.3) 18 (85.71)
    Limited 2 (8.7) 3 (14.29)
Body mass index (kg/m2) 22.09±3.46 21.37±3.14 0.72 0.475 
AST (U/L) 19.27±5.32 18.79±4.03 0.335 0.739 
ALT (U/L) 21.58±6.31 22.19±6.75 1.601 0.117 

tion of more than 50%; 
SD was defined as an 
increase in tumor size of 
less than 25% with the 
appearance of no new 
lesions; and PD was de- 
fined as an increase in 
tumor diameter of more 
than 25% or the app- 
earance of new lesions. 
The overall effectiveness 
rate was calculated as 
(CR + PR)/n.

Statistical analysis

SPSS 22 (IBM Corp, 
Armonk, NY, USA) was 
used for all analyses. 
GraphPad Prism 8.0 
(GraphPad Software Inc., 
US) was used to illus- 
trate the figures. The 
measurement data are 
expressed as the mean  
± standard deviation (x  
± sd). The independent 
sample t-test was used 
to make comparisons 
between the groups, 
while the paired t-test 
was used to make com-
parisons within each gr- 
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The OG showed decreased volume of blood 
loss and operative time compared with the 
CNG (P<0.05) (Table 2; Figure 1).

Comparison of clinical efficacy 

After treatment, 8 cases of CR (34.78%), 13 
cases of PR (56.52%), and 2 cases of SD + PD 
(8.70%) were reported in the OG, with a total 
effective rate of 91.30%. Meanwhile, 6 cases 
of CR (28.57), 8 cases of PR (38.10%), and 7 
cases of SD + PD (33.33%) were found in the 
CNG, with a total effective rate of 66.67%. The 
overall effectiveness of treatment was signifi-
cantly higher in the OG than in the CNG (P< 
0.05) (Table 3). 

All 44 patients were followed-up. Within 3 
years, 22 patients died and 22 survived, with  

Oncology Group (ECOG) score, treatment mod- 
ality, and SR between the groups (P<0.05, 
Table 4). 

We included the indicators showing differ- 
ences in univariate analysis (Table 5) in multi-
variate Cox regression analysis. The results 
showed that TNM stage, ECOG score, and  
treatment modality were independent risk fac-
tors affecting the prognosis of MPM patients 
(P<0.05, Table 6).

Discussion

MPM is a rapidly progressing malignancy origi-
nating in the epithelial or mesothelial tissue  
of the serous cavity [23]. Approximately 10%-
20% of MPMs originate from the peritoneum, 
and its incidence has increased in recent  
years [24, 25]. Due to its insidious onset, the 

Table 2. Comparison of the volume of blood loss, operative time, and length of hospital stay between 
the two groups (x ± sd)

Grouping n Volume of blood loss (mL) Operating time (min) Post-operative length of hospital 
stay (d)

Observation group 23 511.48±127.32* 683.82±205.64* 15.24±6.23
Control group 21 727.317±138.59 346.18±217.245 14.37±3.24
t 10.45 6.486 0.573
P <0.001 <0.001 0.570
Notes: Compared to the control group, *P<0.05.

Figure 1. Comparison of the volume 
of blood loss, operative time, and 
length of hospital stay between two 
groups. Volume of blood loss (A); 
operative time (B); and length of 
hospital stay (C). *P<0.05.

a SR of 50.00%. In the OG, 8 
patients died and 15 survived, 
with a SR of 65.22%. In the 
CNG, 14 patients died and 7 
survived, with a SR of 33.33%. 
The OG exhibited an increased 
3-year SR compared with the 
CNG (P<0.05) (Figure 2).

Univariate and multivariate 
analysis of the factors affect-
ing prognosis in patients with 
MPM

There were no differences in 
age, sex, body mass index,  
history of alcohol consump-
tion, smoking history, educa-
tional level, and place of resi-
dence between the two gro- 
ups (P>0.05). However, there 
were differences in patholo- 
gical classification, PCI, TNM 
stage, Eastern Cooperative 
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Table 3. Comparison of clinical efficacy between the two 
groups (n [%])

Categories Observation 
group (n = 23)

Control  
group (n = 21) χ2 P

CR 8 (34.78) 6 (28.57)
PR 13 (56.52) 8 (38.10)
SD + PD 2 (8.70) 7 (33.33)
Total efficiency 21 (91.30) 14 (66.67) 4.095 0.043

Figure 2. Three-year survival of patients in the two 
groups. The survival rates in the observation and 
control groups were 65.22% and 33.33%, respec-
tively. The 3-year survival rate in the observation 
group was significantly higher than that in the control 
group (P<0.05). *P<0.05.

clinical manifestations of MPM are diverse and 
nonspecific, and early diagnosis is difficult, 
leading to poor treatment efficacy and progno-
sis [6, 26, 27]. Therefore, appropriate treat-
ment modalities should be identified for pa- 
tients with MPM to reduce their mortality.

Normal tissue cells can tolerate a higher tem-
perature than tumor cells, and within a certain 
temperature range, the thermal effect can pro-
mote tumor apoptosis, enhance the efficacy of 
chemotherapeutic drugs, inhibit angiogenesis, 
and stimulate the immune system to kill tumor 
cells [28-30]. CRS alone can only deal with vis-
ible lesions, while HIPEC can reduce the multi-
drug resistance of tumor cells to chemothera- 
py drugs, removing all visible lesions in the 
abdominal cavity to achieve “histological cure”, 
and also remove all microscopic lesions re- 
maining in the body [31-34]. Park et al. [35] 
found that 18 patients treated with CRS + 
HIPEC showed a 2-year SR of 80% and a pro-
gression-free survival duration of 26 months.  
A study by Baratti et al. [36] found that pa- 

tients who underwent repeated CRS 
and/or HIPEC had better prognoses  
than patients who received only system-
ic chemotherapy. The results of this 
study showed that the volume of bleed-
ing and operation time were significant- 
ly lower in the OG than in the CNG, and 
the total effective rate of treatment was 
significantly higher in the OG than in the 
CNG. The study of 15 MPM patients by 

Brigand et al. [37] found that CRS combined 
with HIPEC had better clinical efficacy in the 
treatment of MPM, similar to our findings, sug-
gesting that CRS coupled with HIPEC is a feasi-
ble treatment option for MPM.

We found that the SR of MPM patients was 
50.00%. The SR in the OG was significantly 
higher than that in the CNG, suggesting that 
CRS in combination with HIPEC can improve  
the survival of MPM patients. The study by 
Sugarbaker et al. [30] showed that CRS/HIPEC 
could not only achieve a median survival of 3-5 
years in MPM patients but also achieve long-
term progression-free survival and symptom 
relief. The study by Salo et al. [38] also found 
that CRS plus HIPEC could improve the survival 
of MPM patients. Finally, we performed a Cox 
regression analysis and found that the TNM 
stage, ECOG score, and treatment modality 
were independent risk factors affecting the 
prognosis of MPM. Contrarily, Yan et al. [39] 
showed that HIPEC was an independent prog-
nostic factor in MPM patients in a study of 405 
patients with MPM. The study by Kaya et al. 
[40] showed that MPM patients with an ECOG 
score of >3 had a poor prognosis. These re- 
sults are similar to those of our study, which 
suggests that the TNM stage, ECOG score, and 
treatment modality can be used as indicators 
for the clinical assessment of prognosis in 
MPM patients.

There were no significant differences between 
the two groups in terms of sex, age, smoking 
history, alcohol consumption history, education 
level, place of residence, and other baseline 
parameters, which ensured the rigor and reli-
ability of the study. However, there are still 
some limitations. First, we did not discuss the 
correlation between other clinical indicators 
and MPM in depth, which needs to be evaluat-
ed in a follow-up study. Second, long-term sur-
vival was not assessed.
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Table 4. Single-factor analysis of the factors influencing prognosis in patients with malignant perito-
neal mesothelioma (x ± sd)
Factors Survival group (n = 22) Death group (n = 22) t/χ2 P
Age (years) 3.300 0.069 
    <60 15 (68.18) 9 (40.91)
    ≥60 7 (31.82) 13 (59.09)
Gender 2.277 0.131 
    Male 13 (59.09) 14 (63.64)
    Female 9 (40.91) 8 (36.36)
BMI 23.09±5.17 23.41±4.26 0.224 0.824 
History of drinking consumption 0.863 0.353 
    Yes 15 (68.18) 12 (54.55)
    No 7 (31.82) 10 (45.45)
History of smoking 0.377 0.540 
    Yes 10 (45.45) 8 (36.36)
    No 12 (54.55) 14 (63.64)
Education level 0.364 0.547 
    High school and below 10 (45.45) 12 (54.55)
    College and university 12 (54.55) 10 (45.45)
Residence 0.834 0.361 
    Rural 11 (50) 14 (63.64)
    Urban 11 (50) 8 (36.36)
TNM Staging 5.867 0.015 
    I + II 16 (72.73) 8 (36.36)
    III + IV 6 (27.27) 14 (63.64)
Pathological typing 0.226 0.635 
    Diffuse 19 (86.36) 20 (90.91)
    Limited 3 (13.64) 2 (9.09)
ECOG score 6.017 0.014 
    <3 points 17 (77.27) 9 (40.91)
    ≥3 points 5 (22.73) 13 (59.09)
Peritoneal carcinoma index 3.300 0.069 
    <4 15 (68.18) 9 (40.91)
    ≥4 7 (31.82) 13 (59.09)
Treatment method 13.880 <0.001
    CRS + HIPEC 17 (77.27) 6 (27.27)
    CRS + i.p. chemotherapy 5 (22.73) 16 (72.73)   

Table 5. Assignment table
Factors Assignment
Pathological histology typing 0 = epithelial, 1 = sarcomatous
PCI 0 = ≤4, 1 = >4
TNM Staging 0 = l + ll, 1 = lll + lV
ECOG score 0 = <3, 1 = ≥3
Treatment modalities 1 = CRS + HIPEC, 0 = CRS + i.p. chemotherapy
Survival 0 = survival, 1 = death

In summary, the CRS plus HIPEC regimen for 
MPM has a good therapeutic effect and can 

prolong the survival of patients, showing its 
potential for clinical application. Additionally, 
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TNM stage, ECOG score, and treatment modal-
ity were independent risk factors affecting the 
prognosis of MPM patients.
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