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Abstract
Peritoneum is one of the most common metastatic sites of colorectal cancer (CRC). It has

been reported that cytoreductive surgery combined with hyperthermic intraperitoneal che-

motherapy (HIPEC) prolongs the lifespan of patients with peritoneal carcinomatosis of

colorectal origin (CRC-PC), while the drugs used for HIPEC are limited. We investigated

the application of recombinant mutant human tumor necrosis factor-a (rmhTNF) combined

with raltitrexed in the HIPEC treatment in a mice model with CRC-PC. In vitro, we detected

the cytotoxicity and apoptosis of human colorectal cancer cells by 3–(4,5-dimethyl-2-thia-

zolyl)-2,5-diphenyl-2-H-tetrazolium bromide (MTT) assay, Western blot, and TdT-mediated

dUTP Nick End Labeling (TUNEL) assay. In vivo, we established xenograft models of CRC-

PC and assessed the antitumor effect by in vivo imaging, peritoneal cancer index scoring,

and TUNEL assay. The results showed that the combination of rmhTNF and raltitrexed

under hyperthermia with a temperature of 42�C inhibited the growth of colorectal cancer

cells significantly in vitro, and after HIPEC treatments with rmhTNF and raltitrexed, peritoneal tumor growth was prohibited in vivo.

Our findings about the efficacy of rmhTNF and raltitrexed used for HIPEC to treat CRC-PC will provide experimental data and

basis for their potential clinical application.
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Introduction

Colorectal cancer (CRC) is the second leading cause of
cancer mortality and the fourth in diagnosis among all
types of human malignant neoplasm.1 The obvious clinical
symptoms usually occur in the advanced stage of cancer,
and tumor cells are likely to spread and seed into the peri-
toneal cavity.2,3 This process is called peritoneal metastasis
(PM), and finally forms peritoneal carcinomatosis (PC). PM
originated from CRC is associated with poor prognosis,

with an average survival of only 5–24months.4,5

Maximum cytoreductive surgery (CRS) to remove macro-
scopic tumors from the abdominal cavity, and then intra-
peritoneal chemotherapy to eradicate all residual
microscopic diseases are currently the standard treatment
for advanced CRC.6–8

Hyperthermic intraperitoneal chemotherapy (HIPEC)
followed by CRS is the most proactive way of dealing
with PC,9 showing significant survival rate increase.10
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HIPEC is a process of intraperitoneal infusion of chemo-
therapeutic drugs at precise temperature and perfusion
rates.11 HIPEC mainly includes intraperitoneal chemother-
apy and hyperthermia (HT). HT refers to heating tumor
tissue to 40–43�C to further increase the lethality of selected
drugs by enhancing cytotoxicity.12 Besides, free tumor cells,
tiny tumor nodules and subclinical lesions can be cleared
away by HIPEC, because HIPEC has the ability to directly
target and mechanically flush cancer cells.11,13 At present,
the most commonly used drugs for HIPEC are all synergis-
tic with heat, including mitomycin C and platinum-based
cytotoxic drugs (i.e. cisplatin, oxaliplatin, and carbopla-
tin).14,15 Although these drugs are effective in the treatment
of PC, the absolute advantage of any specific drug cannot
be derived.16

Tumor necrosis factor-a (TNF-a) is a natural cytokine
product activated by macrophages. TNF-a is a potential
anticancer drug which is effective for various malignan-
cies.17 TNF-a can inhibit the proliferation of tumor cells
and increase the infiltration of chemotherapeutic agents
into tumor tissues.18 However, clinical trial studies have
shown that TNF-a cannot be used for systemic chemother-
apy because of its dose-limiting toxicity.19 Thus, recombi-
nant mutant human TNF-a (rmhTNF) was prepared by
replacing Pro 8, Ser 9, Asp 10, and Leu 157 with Arg 8,
Lys 9, Arg 10, and Gln 157 and deleting the first seven
amino acids at the N-terminal.20 rmhTNF has been used
to treat malignant pleural effusions, non-Hodgkin’s lym-
phoma, and non-small cell lung cancer, with much lower
toxicity and better efficacy than TNF-a.20,21 It has also been
reported that rmhTNF combined with traditional chemo-
therapeutic drugs can enhance the antitumor effect.22,23

Raltitrexed (RTX) is a folate analogue belonging to the
family of antimetabolites with antitumor activity related to
the inhibition of thymidine synthase enzyme. RTX has been
reported to be effective in many types of cancer,24–26 espe-
cially advanced CRC.27,28 Our previous studies confirmed
that HIPEC with RTX was a therapeutic strategy to treat
CRC-PC in mouse models without any severe untoward
effects accompanied.11,29 Besides, compared to the systemic
chemotherapy with the intravenous drip of RTX, HIPEC
could promote the intracellular absorption of RTX accord-
ing to pharmacokinetic studies.11

Here, we assessed the effects of rmhTNF, rmhTNFþHT,
and rmhTNFþRTXþHT on human CRC cells in vitro.
Then, we established the CRC-PC xenograft mice model
to evaluate the efficacy of rmhTNF and rmhTNFþRTX
under intraperitoneal perfusion chemotherapy (IPEC) or
HIPEC. The findings would provide experimental data
and basis for the potential clinical application of rmhTNF
and rmhTNFþRTX in the treatment of CRC-PC.

Materials and methods

Reagents

Reagents were obtained from the following sources:
rmhTNF from Weike Biopharmaceutical, Shanghai, China;
and RTX from Chia Tai Tianqing Pharmaceutical,

Nanjing, China. The reagents were dissolved in normal
saline and stored under �20�C.

Cell culture

Human CRC cell lines (HCT116, HCT116-luc, SW480,
HCT8 and LOVO) were purchased from the Cell Bank of
Chinese Academy of Science and cultured in RPMI1640
medium (Gibco, USA) which was supplemented with
10% fetal bovine serum (FBS, Gibco), 100 units/mL peni-
cillin and 100 lg/mL streptomycin (Gibco). Cell was cul-
tured in a humidified incubator with 5% CO2 at 37

�C.

Cytotoxicity assay in vitro

Cells seeded in 96-well plates at a density of 1000 cells per
well for overnight, and then treated with different concen-
trations of drugs in the test culture medium containing 3%
FBS and 1 lg/mL actinomycin D (MCE, USA) for 24, 48, or
72 h.30,31 For HT treatment, cells were cotreated with drugs
and HT at 42�C for 0, 4, 6 or 8 h, and then returned to 37�C
until the incubation time reached 24 or 48 h. The cell via-
bility was determined by using MTT (Sigma, USA) assay.
The half inhibitory concentrations (IC50) were calculated by
the GraphPad Prism 5 software.

TdT-mediated dUTP nick end labeling assay

The TUNEL assay was used to detect DNA breaks, which
was determined by One Step TUNEL Apoptosis Assay
Kit (Beyotime Biotechnology, China) according to the
manufacturer’s instructions. The stained cells were mea-
sured by flow cytometry (BD, USA). The tumor tissues
were counterstained with 40,6-diamidino-2-phenylindole
(DAPI, Sigma, USA). Images were acquired with the fluo-
rescence microscope (Nikon, Japan). The quantification of
positive cells was obtained by Image-J.

Western blot analysis

Protein samples were extracted from cells and electrophor-
esed on sodium dodecyl sulfate polyacrylamide gel electro-
phoresis gels. The procedures were accomplished as
previously reported.32 The primary antibodies against
cleaved caspase3 and b-actin were purchased from
Proteintech, China, and cleaved caspase9 were purchased
from Wanleibio, China. The reactive protein was probed
with horseradish peroxidase-conjugated secondary anti-
bodies (Proteintech, China) and evaluated using an
enhanced chemiluminescent system (Tanon, China).

Animals and tumor xenotransplantation

Athymic male BALB/c nude mice, four to five weeks old,
were purchased from the Shanghai Laboratory Animal
Resource Center. The animals were maintained in a
pathogen-free environment and provided with autoclaved
food, water, and cages. All experimental procedures were
carried out according to the Institutional Animal Care
Guidelines.

Luciferase-expressing HCT116-luc cells were suspended
in PBS containing 500 lg/mL Matrigel (Corning BD
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Matrigel Basement Membrane Matrix,) and injected into
the abdomen of each mouse in a total volume of 100 lL
(2.5� 106 cells).

IPEC and HIPEC treatments

After inoculation, animals were randomly assigned to six
mice each group for different treatments for 30min accord-
ing to our previous study.11,29 The difference between IPEC
and HIPEC was the temperature of perfusate. The temper-
ature of IPEC was 37�C, and that of HIPEC was 42�C.
rmhTNF (2500 IU/g per body weight) and RTX
(0.335 lg/g per body weight) were administered every
time. The dose of rmhTNF was referred to previous liter-
atures,20 and that of RTX was chosen from our previous
study.11,29 The remaining identical perfusion process was
performed as previously reported.11,29

In vivo imaging

Firstly, D-luciferin potassium salt (150 lg/g per body
weight, PerkinElmer, USA) was injected into the abdomen
of mice. Then after 5min, 1% phenobarbital sodium was
used to anesthetize the mice before in vivo imaging.
The fluorescence signals were captured and detected by
in vivo imaging system (Kodak, USA).

Peritoneal cancer index scoring

According to previous reports by Aarts et al.,33 we opened
the abdominal cavity, divided it into four quadrants,
and analyzed the intraperitoneal tumor growth semi-
quantitatively. The scoring rules were as follows: 0 (none);
1 (little, diameters of 1–2 mm, 1–2 sites); 2 (moderate, diam-
eters of 2–5mm, 1–2 sites); 3 (abundant, diameters of
>5mm, >2 sites). The e PCI score was the sum of the
four quadrants (0–12).

Histopathological assay

The tumor tissues were harvested after animals were sac-
rificed. The procedure of histopathological assay was
accomplished by conventional hematoxylin-eosin (H&E)
staining in accordance with standard techniques.34

Statistical analysis

Experimental data were expressed by the mean� standard
deviation (SD) of three independent experiments and ana-
lyzed by using Student’s t test andMann–WhitneyU test to
evaluate the significance of differences between the
untreated and treated group. The significant differences
were labeled as *P< 0.05, **P< 0.01, ***P< 0.001, and
P values were derived from two-tailed tests.

Results

rmhTNF suppressed the survival of human CRC cells

To determine the potential of rmhTNF to inhibit the growth
of human CRC cells in vitro, HCT116, SW480, HCT8, and
LOVO were incubated with different concentrations of
rmhTNF for 24, 48, or 72 h. The cell viability was detected

by the MTT assay (Figure 1(a) to (d)), and the IC50 values
were calculated by the GraphPad Prism 5 software
(Figure 1(e) to (h)). We found that rmhTNF could induce
death in CRC cells in a dose-dependent and time-
dependent manner. Remarkably, the incubation of rmhTNF
for 72h significantly suppressed the survival of human CRC
cells compared with that for 24h. HCT116 and HCT8 were
less susceptive to rmhTNF than SW480 and LOVO.

HT enhanced rmhTNF-mediated cell death in human
CRC cells

To investigate the effects of HT in vitro, we used the MTT
assay to examine the cytotoxicity of rmhTNF on human CRC
cells under HT. The incubation time of HT (42�C) was 0, 4, 6,
or 8 h respectively, and then cells were allowed to recover at
37�C with a total of 24-h treatment (Figure 2(a)). Figure 2(b)
to (e) shows that HT could decrease the cell viability in all
four cell lines. HT for 4 or 6h significantly increased
rmhTNF-induced cell death compared to the control
group, while HT for 8h did not go on expediting death.
The optimal time of HT for rmhTNF was 6h. In addition,
HT further enhanced rmhTNF-mediated cell death in
HCT116 and HCT8, which were not so sensitive to rmhTNF.

rmhTNF1RTX1HT combination treatment effectively
inhibited the viability rate in human CRC cells

RTX has been frequently applied to treat with advanced CRC
cases with PM in clinic.27,28 Our previous study identified
that RTXþHT had therapeutic effects both in vitro and in
vivo.11 To verity the efficacy of rmhTNFþRTXþHT combi-
nation treatment in vitro, HCT116 and HCT8 were incubated
with different conditions for 48h (rmhTNF: 40 IU/mL; RTX:
10mg/mL; HT: 6h). The cell viability was evaluated with
the MTT assay (Figure 3(a) and (b)). We found that
rmhTNFþRTX depressed the activity of cancer cells, and
rmhTNFþRTXþHTwas the most effective treatment.

To detect the proportion of apoptotic cells, the cells were
collected for TUNEL staining. The results showed that the
higher proportion of apoptotic cells was detected in
rmhTNFþRTX and rmhTNFþRTXþHT groups (Figure
3(c) and (d)). The proapoptotic proteins, including cleaved
caspase3 and cleaved caspase9 were further investigated in
HCT116 and HCT8 using Western blot (Figure 3(e) and 3
(f)). The results showed that rmhTNFþRTXþHT combi-
nation treatment greatly increased levels of cleaved cas-
pase3 and cleaved caspase9. In short,
rmhTNFþRTXþHT combination treatment effectively
inhibited the viability in human CRC cells.

HIPEC with rmhTNF1RTX could significantly inhibit
the tumor growth in the CRC-PC xenograft model

To identify the effect of rmhTNFþRTX in vivo, the CRC-PC
xenograft model was established by using luciferase-
expressing HCT116 (HCT116-luc). The tumor growth
could be observed by in vivo fluorescence imaging
system. The scheme and schedule of treatments are
shown in Figure 4(a). Each mouse was given four times
of chemotherapy as a course, and treated in eight different
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ways: control (IPEC with saline), rmhTNF (IPEC with
rmhTNF), RTX (IPEC with RTX), rmhTNFþRTX (IPEC
with rmhTNF and RTX), HT (HIPEC with saline),
rmhTNFþHT (HIPEC with rmhTNF), RTXþHT (HIPEC
with RTX), and rmhTNFþRTXþHT (HIPEC with
rmhTNF and RTX). Pictures were captured by in vivo fluo-
rescence imaging system before and after treatments
(Figure 4(b)), and the analysis of fluorescence intensities
is shown in Figure 4(c). The results showed that RTX and
rmhTNFþRTX without HT could mildly suppress the
tumor growth, while RTX and rmhTNFþRTX under
HIPEC could significantly inhibit the tumor growth.

Twenty-eight days after inoculation, the mice were sac-
rificed and dissected. Diffuse tumor nodules were found in
the peritoneal cavity of mice. Figure 4(d) shows the macro-
scopic views of these nodules, and e PCI scoring system

was used to evaluate the extent of tumor diffusion
(Figure 4(e)). The views and scores showed that there
were fewer nodules existed in peritoneal cavities after
HIPEC treatments especially in the rmhTNFþRTXþHT
group. HIPEC with rmhTNF and RTX had the best thera-
peutic effect on the CRC-PC xenograft model among other
groups.

HIPEC with rmhTNF1RTX increased CRC cell damage
in vivo

H&E staining confirmed the morphology of tumor tissues
that were harvested after mice were sacrificed (Figure 5(a)).
Somemorphologic features of apoptosis could be especially
observed at high magnification in the rmhTNFþRTXþHT
group, including cell irregular shrinkage and nuclear

Figure 1. rmhTNF suppressed the survival of human CRC cells. HCT116 (a), SW480 (b), HCT8 (c) and LOVO (d) cells were incubated with different concentrations of

rmhTNF for 24, 48, or 72 h, respectively. The cell viability was detected by the MTT assay. *P< 0.05, **P< 0.01, ***P< 0.001 vs. untreated groups (from 24, 48, and

72 h, respectively) (Student’s t test). The IC50 values of HCT116 (e), SW480 (f), HCT8 (g), and LOVO (h) cells were calculated by the GraphPad Prism 5 software.

*P< 0.05, **P< 0.01, ***P< 0.001 (Student’s t test). Results represented mean�SD of three replicates. IC50: half inhibitory concentrations. (A color version of this

figure is available in the online journal.)
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condensation. Besides, TUNEL assay was used to detect the
proportion of apoptotic tissues (Figure 5(b)), and the quan-
tification of TUNEL-positive cells is shown in Figure 5(c).
Compared with the control group, higher level of apoptosis
was observed in the rmhTNFþRTX, RTXþHT, and
rmhTNFþRTXþHT groups, indicating that the combina-
tion drug therapy and HT from HIPEC could increase CRC
cell damage in vivo. The expression of proapoptotic pro-
teins including cleaved caspase3 and cleaved caspase9 in
the tumor tissues was detected by Western blot (Figure 5
(d)). The expression of cleaved caspase3 and cleaved
caspase9 was up-regulated after rmhTNFþRTXþHTcom-
bination treatments in mice. The results indicated that
rmhTNFþRTXþHT increased the apoptosis of tumor
tissues. Taken together, rmhTNFþRTXþHT could signifi-
cantly suppress the tumor growth by increasing CRC cell
damage in the CRC-PC xenograft mice.

Discussion

PM is a well-known indicator of poor prognosis in patients
with CRC, and has long been considered as an incurable

disease.35 The median progression-free survival time is
6–12months with palliative treatment.36 Despite the imple-
mentation of CRS and HIPEC improving the prognosis
of PM, the clinical outcome is affected by the selection of
chemotherapeutic drugs.8

TNF-a was limited in the clinical application, because it
was implicated in septic shock, cachexia, and fever37,38 and
the maximum tolerable dose of TNF-a was much lower
than the effective antitumor dose.39 For this reason, only
topical administration such as “isolated limb perfusion
(ILP)” and “isolated hepatic perfusion (IHP),”40,41 could
reduce systemic toxicity through isolation and extracorpo-
real circulation. Several methods are currently being inves-
tigated to improve the efficacy and reduce the systemic
toxicity of TNF-a. For example, through NGR peptide
tumor vascular-targeted delivery, “NGR-hTNF” was able
to decrease toxicity and increase antitumor activities.42

Furthermore, rmhTNF was created by gene engineering
technology with high activity and low toxicity.20

However, adverse reactions still occurred in clinical sys-
temic administration of rmhTNF.21 Considering various
advantages of HIPEC, we thought of HIPEC with

Figure 2. HT enhanced rmhTNF-mediated death in human CRC cells. (a) Scheme of treatments. HCT116 (b), SW480 (c), HCT8 (d), and LOVO (e) cells were cotreated

with rmhTNF and HT (42�C) for 0, 4, 6, or 8 h, and then returned to 37�C until the incubation time reached 24 h. The cell viability was detected by theMTT assay. Results

representedmean�SD of three replicates. *P< 0.05, **P< 0.01, ***P< 0.001 vs. untreated group (no drug and HT for 0 h) (Student’s t test). HT: hyperthermia; rmhTNF:

recombinant mutant human TNF-a. (A color version of this figure is available in the online journal.)
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rmhTNF to further develop the clinical application. Firstly,
because of the existence of peritoneum-plasma barrier,
rmhTNF was limited to transmit from peritoneum to the
whole body. Secondly, the abdominal cavities were flushed
with saline to remove the residual drugs at the end of
HIPEC. What’s more, HT had a direct cytotoxic effect on
malignant tumor cells in hypoxic, nutrient-deprived, and
low-PH environment by affecting the distribution of the
plasma membrane and the modulation of the transmem-
brane efflux pumps.43,44 Thereby, HIPEC helped rmhTNF
to restrict its toxicity and improve its efficacy.

Combined therapy of rmhTNF and conventional chemo-
therapy has co-activating and sensitivity improving effects

on the treatment of various tumors in previous pre-clinical
and clinical trials. Xia et al.31 found that the inhibitory effect
of rmhTNF combined with cisplatin was significantly
greater than cisplatin alone on human lung adenocarcino-
ma cell line A549 in vitro. The clinical results from Liu
et al.45 showed that rmhTNF in combination with general
chemotherapeutic agents (cyclophosphamide, doxorubicin,
cisplatin, mitomycin C, leucovorin and 5-Fluorouracil
(5-Fu)) is an effective and secure means in treating
advanced malignant tumor. Moreover, Shang et al.46

proved that rmhTNF was able to enhance the apoptotic
effect of 5-Fu on gastric cancer cell lines. RTX is used as
an alternative for 5-Fu in clinic.11 Compared with 5-Fu,

Figure 3. rmhTNFþRTXþHT combination treatment effectively inhibited the viability rate in human CRC cells. HCT116 (a) and HCT8 (b) cells were cotreated with

rmhTNF (40 IU/mL), RTX (10 lg/mL), and HT (42�C) for 6 h, and then returned to 37�C until the incubation time reached 48 h. The cell viability was detected by the MTT

assay. HCT116 (c) and HCT8 (d) cells were collected for TUNEL staining. The TUNEL-positive cells were detected by flow cytometry. *P< 0.05, **P< 0.01, ***P< 0.001

vs. untreated groups (Student’s t test). The protein expression of cleaved caspase3 and cleaved caspase9 in HCT116 (e) and HCT8 (f) samples harvested 6 h after

different treatments were detected by Western blot. b-actin was the normalization for the loading. Results represented mean�SD of three replicates. rmhTNF:

recombinant mutant human TNF-a; RTX: raltitrexed; HT: hyperthermia; TUNEL: TdT-mediated dUTP nick end labeling.
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Figure 4. HIPEC with rmhTNFþRTX could significantly inhibit the tumor growth and had good therapeutic effect on the CRC-PC xenograft model. (a) Scheme and

schedule of imaging and treatments. (b) The tumors in mice were visualized by in vivo imaging system before or after a course of chemotherapy. Representative images

of each group were shown above. (c) The fluorescence intensities were quantitatively analyzed by Kodak in vivo imaging system. Each point stood for an independent

mouse. (d) The representative macroscopic views of tumor nodules in each group were shown. (e) The pathology system scores of tumor nodules were evaluated by e

PCI scoring after mice were sacrificed and dissected. Each group had six mice. Results represented mean�SD. *P< 0.05, **P< 0.01, ***P< 0.001 (Mann–Whitney

U test). rmhTNF: recombinant mutant human TNF-a; RTX: raltitrexed; HT: hyperthermia; HIPEC: hyperthermic intraperitoneal chemotherapy; e PCI: peritoneal cancer

index. (A color version of this figure is available in the online journal.)
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RTXwas interrelated with a significantly lower incidence of
cardiac and hematologic toxicity for patients.47 Here, we
demonstrated that rmhTNF could further enhance the
effect of RTX on CRC.

In this study, the combination of rmhTNF, RTX, and HT
was confirmed to be effective on human CRC cells in vitro
and in vivo, respectively. In vitro, rmhTNF alone could
inhibit cell growth to some extent. And for better results,
the cells were exposed to 42�C for a specified time after the
administration of drugs, so as to simulate HIPEC in clinic.
Besides, the addition of RTX to rmhTNF and HT could
further suppress the survival of human CRC cells as we
expected. In vivo, we identified whether rmhTNF or
rmhTNFþRTX could affect the tumor growth under IPEC
(without HT) or HIPEC treatments. The results showed

that: (1) because of HT, HIPEC could increase the therapeu-
tic effect of chemotherapeutic drugs. (2) Compared with
rmhTNF or RTX, the combination of rmhTNF and RTX
got the best efficacy, possibly due to the synergistic effect
of these two drugs.48 The specificmechanismwould need to
be further studied in the next stage of the experiment.

The HIPEC system used onmice in this study was devel-
oped in our previous work, and it simulated the clinical
HIPEC process pretty well.11 There was no significant
decrease in body weight of the mice in each group through-
out the administration (data not shown), which meant our
HIPEC system and the chemotherapeutic drugs were of
good tolerance.

However, certain limitations still existed in the present
study. The penetration of chemotherapeutic drugs played

Figure 5. HIPEC with rmhTNFþRTX increased CRC cell damage in vivo. (a) Representative images of H&E staining of tumor tissues from different treatment groups.

Scale bars of upper and lower images were 100 mm and 50 mm, respectively. (b–c) Apoptotic tumor tissues were assessed by TUNEL staining (positive stain¼green,

nuclei¼blue (DAPI)). Representative staining images were shown in (b) and quantification of TUNEL-positive cells was presented in (c). The scale bars were 100 mm. (d)

The protein expression of cleaved caspase3 and cleaved caspase9 in tumor tissues from different treatment groups was detected by Western blot. b-actin was the

normalization for the loading. Results represented mean�SD of three replicates. *P< 0.05, **P< 0.01, ***P< 0.001 (Student’s t test). rmhTNF: recombinant mutant

human TNF-a; RTX: raltitrexed; HT: hyperthermia; HIPEC: hyperthermic intraperitoneal chemotherapy; H&E: hematoxylin-eosin; DAPI: 40,6-diamidino-2-phenylindole;

TUNEL: TdT-mediated dUTP nick end labeling. (A color version of this figure is available in the online journal.)
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an important role in HIPEC. According to the pharmacoki-
netic research of Li et al.,49 the concentration of rmhTNF
was detected by radio chromatography and enzyme-
linked immunosorbent assay which needed to prepare
specific antibodies. Both methods were not readily avail-
able. Hopefully, the difficulty in the detection of rmhTNF
could be overcome in the future.

We found that rmhTNF combined with RTX under
HIPEC treatments had an antitumor effect on CRC-PC
both in vitro and in vivo. Our findings will provide the
basis for further investigation on the efficacy of rmhTNF
in clinical practice.
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