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Abstract: Objective To investigate the efficacy of hyperthermic intraperitoneal chemotherapy (HIPEC) after laparoscopic surgery
for colorectal cancer and the changes in the high mobility group box 1 (HMGB1) /receptor for advanced glycation end products
(RAGE) axis, providing a reference for clinical treatment. Methods A total of 152 colorectal cancer patients who underwent
laparoscopic surgery at Taiyuan Central Hospital from May 2021 to March 2024 were selected and randomly divided into an
observation group (n=76) and a control group (n=76) using a random number table. The control group received XELOX
chemotherapy, while the observation group received additional HIPEC. The general surgical conditions, recovery conditions,
efficacy, tumor markers [vascular endothelial growth factor (VEGF) , matrix metalloproteinase-9 (MMP9) , carcinoembryonic
antigen (CEA) , carbohydrate antigen 199 (CA199) ] ,immune function (CD3’, CD4", CD8", CD4"/CD8") , HMGB1/RAGE axis,
adverse reactions, and recurrence/metastasis during follow-up were compared between the two groups. Results There were no
significant differences in incision length, operation time, intraoperative blood loss, or postoperative exhaust time between the two
groups (P>0.05) . The total effective rate in the observation group was higher than that in the control group (88.16% vs 75.00%,
P<0.05) . After 1 and 3 cycles of chemotherapy, serum levels of CEA, VEGF, MMP9, and CA199 in the observation group were
lower than those in the control group (P<0.05) . After 1 and 3 cycles of chemotherapy, CD3", CD4", and CD4/CD8" levels in the
observation group were higher than those in the control group, while CD8 + levels were lower (£<0.05) . Serum HMGB1 and RAGE
levels in the observation group were lower than those in the control group after 1 and 3 cycles of chemotherapy (P<0.05) . There
was no significant difference in adverse reactions between the two groups (£>0.05) . After 6 months of follow-up, the disease-free
survival rate in the observation group was higher than that in the control group (93.42% vs 82.89%, x’=4.033, P<0.05). Conclusion
HIPEC after laparoscopic surgery for colorectal cancer demonstrates good efficacy, improves immune function, and may be
associated with the HMGB1/RAGE axis, without significantly increasing adverse reactions, indicating a certain level of safety.
Keywords: Colorectal cancer; Hyperthermic intraperitoneal chemotherapy; Laparoscopic surgery; High mobility group box 1;
Receptor for advanced glycation end products; Safety
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Colorectal cancer is a common malignant tumor of
the digestive system. Its onset is insidious, and most
patients are diagnosed in advanced stages, where surgery
alone is insufficient for a cure. Laparoscopic surgery is a
commonly used treatment for colorectal cancer and has a
relatively high safety profile. However, there remains a
risk of recurrence and metastasis post-surgery, making
adjuvant chemotherapy particularly important [1-2]. The
XELOX regimen is a commonly used chemotherapy
regimen for colorectal cancer, which kills cancer cells
through chemotherapy drugs and helps suppress cancer
cell proliferation [3]. During XELOX systemic
intravenous chemotherapy, the drug concentration is
insufficient to completely eradicate intra-abdominal
cancer cells. While increasing the drug dose can improve
chemotherapy efficacy to some extent, it also increases
the toxic side effects [4]. In recent years, hyperthermic

intra-peritoneal chemotherapy (HIPEC) has gradually
been used as adjuvant therapy after colorectal cancer
surgery. By injecting chemotherapy drugs into the
abdominal cavity, it can maintain a high concentration of
the drugs locally for an extended period, directly
eliminating shed cancer cells or microscopic metastatic
lesions [5-6]. Currently, the critical role of inflammation
in the carcinogenesis process of body cells is recognized,
but the exact mechanism of how inflammatory pathways
contribute to carcinogenesis is still unclear. High mobility
group box 1 (HMGBI) is an advanced inflammatory
factor that is widely present in the nuclei of eukaryotic
cells. It regulates gene transcription and, when released
extracellularly, mediates inflammatory responses [7]. The
receptor for advanced glycation end products (RAGE) is
a single-pass transmembrane protein and a multi-ligand
transmembrane signaling receptor. When HMGB1 binds
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to RAGE, it can activate downstream inflammatory
signaling pathways [8-9]. Understanding the role of the
HMGBI1/RAGE axis in colorectal cancer may provide
new insights for clinical targeted therapies. Therefore,
this study aims to explore the effects and safety of HIPEC
combined with laparoscopic surgery in regulating the
HMGBI1/RAGE axis in the treatment of colorectal cancer.
The report is as follows.

1. Materials and Methods

1.1 General Information

This prospective study selected 152 patients with
colorectal cancer who underwent laparoscopic surgery at
Taiyuan City Central Hospital from May 2021 to March
2024. They were randomly divided into observation and
control groups, with 76 patients in each group, using the
random number table method. The study was approved by
the hospital's ethics committee (Ethics approval number:
20200119), and informed consent was obtained from the
patients and their families.

Inclusion criteria: Diagnosed according to the
Chinese protocol of diagnosis and treatment of colorectal
cancer(2020 edition)" [10]; confirmed by pathological
examination; underwent laparoscopic surgery; no distant
metastasis on preoperative examination; Karnofsky score
= 70; TNM stage III or PCI score <17 for stage IV
colorectal cancer; met the indications for laparoscopic
surgery and HIPEC; no history of radiotherapy or
chemotherapy; no contraindications for HIPEC or
systemic intravenous chemotherapy.

Exclusion criteria: Presence of abdominal infection;
estimated survival time <6 months; history of
complicated abdominal surgery; significant liver, heart, or
kidney dysfunction; presence of bowel obstruction or
perforation requiring emergency surgery; concurrent
other malignancies; pregnant or breastfeeding women;
mental disorders preventing normal communication.

In the control group, there were 46 male and 30
female patients, aged 45-64 years (53.82+4.39), with a
BMI of 23-26 kg/m? (23.6140.92). The group included 47
cases of colon cancer and 29 cases of rectal cancer. The
tumor diameter ranged from 2.5 to 4.5 cm (3.74+0.28).
Pathological types were adenocarcinoma in 43 cases,
undifferentiated carcinoma in 19 cases, and mucinous
carcinoma in 14 cases. TNM stages were 49 cases of
stage III and 27 cases of stage IVa. The PCI score ranged
from 11 to 16 (13.86+0.72). The American Society of
Anesthesiologists (ASA) classification included 35 cases
of grade I, 32 cases of grade 11, and 9 cases of grade III.

In the observation group, there were 43 male and 33
female patients, aged 43-66 years (54.47+5.23), with a
BMI of 21-27 kg/m? (23.83%1.05). The group included 42
cases of colon cancer and 34 cases of rectal cancer.
Tumor diameter ranged from 3 to 5 cm (3.80+0.31).
Pathological types were adenocarcinoma in 41 cases,
undifferentiated carcinoma in 17 cases, and mucinous
carcinoma in 18 cases. TNM stages included 45 cases of

"

stage III and 31 cases of stage IVa. PCI score ranged from
12 to 16 (14.07£0.79). ASA classification included 32
cases of grade I, 34 cases of grade II, and 10 cases of
grade III. No statistically significant differences in
baseline data were found between the two groups (P >
0.05), ensuring comparability.

1.2 Methods

Both groups underwent laparoscopic radical surgery:
General anesthesia with intravenous inhalation was
applied, and a 1 cm incision was made below the
umbilicus to establish pneumoperitoneum. A laparoscope
was inserted, and an ultrasonic scalpel was used to
separate the abdominal wall. The inferior mesenteric
artery was ligated, and lymph nodes were dissected. The
peritoneum was opened, the tumor and affected bowel
segments were excised, and the bowel ends were sutured.
Gastrointestinal reconstruction was performed using a
gastrointestinal anastomosis device. Blood flow was
confirmed, and the abdominal cavity was irrigated.
Drainage tubes were placed based on the situation, and
the abdomen was closed. Postoperatively, a venous
patient-controlled analgesia pump was used.

1.2.1 Control Group

The control group received XELOX regimen
chemotherapy after laparoscopic radical surgery. On day
1 of chemotherapy, oxaliplatin (Hayao Group
Bioengineering Co., Ltd., approval number: H20133094)
100 mg/m? was intravenously infused over 3 hours. On
days 1-14 of chemotherapy, capecitabine (Nanjing Yuke
Pharmaceutical Co., Ltd., approval number: H20223015)
850-1000 mg/m? was administered orally twice a day.
After 3 cycles, efficacy was assessed.

1.2.2 Observation Group

In addition to the treatment in the control group, the
observation group received HIPEC. Two infusion
drainage tubes were placed in both the upper and lower
abdomen. HIPEC treatment was initiated on the second
postoperative day using a body cavity hyperthermic
perfusion machine. The perfusion fluid consisted of 2 g of
5-fluorouracil (Liaoning Xinguo Pharmaceutical Co., Ltd.,
approval number: H21024236) and 4,000 mL of 0.9%
saline. The perfusion temperature was maintained at 43°C,
with a flow rate of 100-800 mL/min. Drainage tubes were
retained, and the treatment was repeated every two days
for a total of 3 treatments.

1.2.3 Follow-up

Post-treatment  follow-up was conducted via
telephone and outpatient visits for 6 months to assess
recurrence, metastasis, and disease-free survival.

1.3 Observation Indicators
(1) Comparison of surgical conditions between the

two groups.
(2) Comparison of efficacy between the two groups.



8] 5 G af %

Chin J Clin Res, July 2025, Vol.38, No.7

After completing 3 cycles of chemotherapy, efficacy was
evaluated as follows [11]. Complete response: Complete
disappearance of the lesion, maintained for =4 weeks.
Partial response: The volume of the lesion shrank
by >30% compared to pre-treatment, maintained for =4
weeks. Stable disease: The lesion size decreased by <30%
or increased by <20%. Progressive disease: The lesion
size increased by =20% or new lesions appeared. The
total effective rate = (complete response + partial
response) / total cases X 100%.

(3) Comparison of tumor markers before surgery,
and after 1 and 3 cycles of chemotherapy. Blood (5 mL)
was drawn from each group, and after centrifuging at
3500 r/m for 12 minutes, serum levels of carbohydrate
antigen 199 (CA199), carcinoembryonic antigen (CEA),
matrix metalloproteinase 9 (MMP9), and vascular
endothelial growth factor (VEGF) were measured using
enzyme-linked immunosorbent assay (ELISA).

(4) Comparison of immune function before surgery,
and after 1 and 3 cycles of chemotherapy. T-lymphocyte
subsets (CD3", CD4*, CD8", CD4"/CD8") were detected
by flow cytometry (Beckman Coulter FC-500).

(5) Comparison of the HMGB1/RAGE axis before
surgery, and after 1 and 3 cycles of chemotherapy. Serum
HMGBI1 and RAGE levels were detected by ELISA.

(6) Comparison of toxic and side effects between the
two groups. Toxicity was graded according to the WHO
standard for common chemotherapy side effects, ranging
from grade 0 to IV. The higher the grade, the greater the
toxicity.

(7) Comparison of recurrence, metastasis, and
discase-free survival between the two groups.

1.4 Statistical Methods

Data were analyzed using SPSS 27.0 software.
Normally distributed continuous variables were presented
as means = standard deviations (x£s). Group comparisons
were made using independent sample #-tests. Repeated
measures analysis of variance was used for multi-time
point comparisons. When no interaction effect was found
between time and treatment factors, main effect tests were
performed. If an interaction effect was present,
within-group effects and between-group effects were
analyzed using one-way repeated measures ANOVA and
multivariate analysis of variance. Bonferroni's correction
was applied for pairwise comparisons, with a significance
level of a = 0.05. Count data were presented as n (%), and
comparisons were made using the chi-square test.

2. Results

2.1 Comparison of surgical conditions between the
two groups

There were no statistically significant differences in
the surgical time, incision length, intraoperative blood
loss, and postoperative flatus time between the two
groups (P > 0.05). See Table 1.

2.2 Comparison of therapeutic efficacy between the
two groups

The overall efficacy rate in the observation group
was higher than that in the control group, and the
difference was statistically significant (P < 0.05). See
Table 2.

Tab.1 Comparison of general surgical conditions and recovery
between two groups (n=76, x=s)

Operation Incision Intraoperative Postoperative
Group Time Length Blood Loss Exhaust Time
(min) (cm) (mL) (d)
Observation 1, 10,3538 4.6241.13 1032442487  3.10£0.91
Group
ok 1372443624 4.70:+1.50 106.86+25.12  3.23+1.04
Group
t value 0.492 0.371 0.893 0.820
P value 0.623 0.711 0.373 0.413

Tab.2 Comparison of efficacy between two groups [case(%o)]
Complete Partial Stable Progressive  total

Group response response disease disease effective

Qbservation 24 43 9 0 67(88. 16)
Group

Control Group 17 40 19 0 57(75.00)

% value 4.378

P value 0. 036

2.3 Comparison of tumor markers between the two
groups

The time effect, group effect, and interaction effect
for serum CEA, VEGF, MMP9, and CA199 at different
time points showed statistical significance (P < 0.05). The
time effect and group effect were tested separately.
Bonferroni's method was used to adjust the test level to a
=0.05 (o' = 0.02). The comparison of serum CEA, VEGF,
MMP9, and CA199 at different time points between the
two groups showed statistically significant differences (P
< 0.02). Multivariate analysis of variance showed that
after one cycle of chemotherapy and after three cycles of
chemotherapy, the levels of serum CEA, VEGF, MMP9,
and CA199 in the observation group were lower than
those in the control group (P < 0.02). See Table 3.

2.4 Comparison of immune function between the two
groups

The time effect, group effect, and interaction effect
for CD3*, CD4*, CD8*, and CD4"/CD8" at different time
points were statistically significant (P < 0.05). The time
effect and group effect were tested separately (o' = 0.02).
The comparison of CD3*, CD4", CD8", and CD4*/CD8"
between the two groups at different time points showed
statistically significant differences (P < 0.02). The results
of multivariate analysis of variance showed that after one
cycle of chemotherapy and after three cycles of
chemotherapy, the levels of CD3", CD4*, and CD4"/CD8"
in the observation group were higher than those in the
control group, while the level of CD8" was lower in the
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observation group (P < 0.02). See Table 4.

2.5 Comparison of HUGB1/RAGE axis between the
two groups

The time effect, group effect, and interaction effect
for serum HMGBI1 and RAGE at different time points
were statistically significant (P < 0.05). The time effect
and group effect were tested separately (o' = 0.02). The
comparison of serum HMGB1 and RAGE at different
time points between the two groups showed statistically
significant differences (P < 0.02). The results of
multivariate analysis of variance showed that after one
cycle of chemotherapy and after three cycles of
chemotherapy, the levels of serum HMGB1 and RAGE in
the observation group were lower than those in the
control group (P < 0.02). See Table 5.

2.6 Comparison of adverse effects between the two
groups

There were no statistically significant differences
between the two groups in terms of nausea and vomiting,
liver function damage, and leukopenia (P > 0.05). See
Table 6.

2.7 Comparison of recurrence, metastasis, and
disease-free survival between the two groups

After 6 months of follow-up, there were 5 cases of
recurrence and metastasis in the observation group, and
71 patients with disease-free survival. In the control
group, there were 13 cases of recurrence and metastasis,
and 63 patients with disease-free survival. The
disease-free survival rate in the observation group was
higher than that in the control group (93.42% vs 82.89%,
%’ =4.033, P <0.05).

Tab.3 Comparison of tumour markers between two groups

Tab.4 Comparison of Immune Function between two groups

(n=76, x+s)
After 1 After 3
Indicator Group Preoperative Chemotherapy Chemotherapy
Cycle Cycles
CD3" (%) Observation 5 17,4 1) 1542549  71.2346.03
group
Control group 48.96+5.37 56.31+5.53 65.30+5.22
F value Forouwy=12.254, Fiime=16.257, Finteraction=25.830
P value Poroup<<0.001, Piime<<0.001, Pinteraction<<0.001
CD4" (%) Observation 31 7,399 38640431 4355472
group
Control group 32.35+4.12 35.37+4.02 37.5143.97
F value Faouwp=11.538, Fiime=18.433, Finteraction=28.017
P value Piroup<<0.001, Prime <<0.001, Pinteraction<<0.001
CD8" (%) Observation 301,334 23644054  21.03+2.42
group
Control group 30.36+3.62 26.87+2.69 24.96+2.56
F value Faroup=14.109, Fiime=23.064, Finteraction=37.455
P value Piroup=<<0.001, Prime <<0.001, Pinteraction<<0.001
CAEDs Obsenaton s W 670,31 1.6340.50 2.070.62
group
Control group  1.07+0.33 1.32+0.36 1.50+0.38
F value Faroup=9.561, Fiime=14.586, Finteraction=24.348
P value Pgroup<<0.001, Piime<<0.001, Pinteraction<<0.001

Tab.5 Comparison of HMGB1/RAGE axis between two groups

(n=76, x+s)
After 1 After 3
Indicator  Group Preoperative Chemotherapy Chemotherapy
Cycle Cycles
DGR JERsvation 5 .05 1.27+0.34 0.86+0.24
(ng/mL) group
Ol 2.9640.83 1.5420.54 1.29+0.37
group
F value Farop=10.823, Fiime=13.625, Finteraction=21.582
P value Pgroup<<0.001, Piime<<0.001, Pinteraction<<0.001
RAGE ~ — Observation 310 .5,. 4033 21428+42.05  156.30436.59
(pg/mL) group
Control 309 1144729 257.43447.81  188.16+41.57
group
F value Fgmup:17.951, Fiime=22.483, Finteraction=35.038
P value Parouy <0.001, P <0.001, Pireraciion <0.001

Tab.6 Comparison of toxic and side effects between two groups

(case)

Nause.a .and Liver Function Leukopenia
Group Vomiting Damage

1-11 m-1v.- I-11 1I-1V 1-11 1I-1V
Observation 19 1 1 5 14 5

group

Control group 16 14 10 3 9 3
z* value 0.617 0.621 1.992
P value 0.734 0.733 0.369

3. Discussion

(n=76, x*s)
After 1 After 3
Indicator Group Preoperative Chemotherapy Chemotherapy
Cycle Cycles
CEA  Observation  ,g3,.50) 17524382  4.46+1.38
(pg/mL) group
Control group  28.78+5.31 20.04+3.67 5.33£1.62
F value Foronp=11.624, Fiime=19.622, Fineraction=25.495
P value Paroup<<0.001, Ptime<<0.001, Pinteraction<<0.001
VEGE  Observation (/¢ ¢1.130.83 497.51496.54 403.1081.45
(ng/L) group
Control group 660.23+£142.79 542.38+112.60 449.63+85.29
F value Foroup=19.375, Fiime=26.388, Finteraction=40.152
P value Poroup<<0.001, Piime<<0.001, Pinteraction<<0.001
MMP9 - Observation 505 7,170 63 367.81493.55 294.23473.84
(ng/L) group
Control group 566.48+134.65 414.57+100.83 341.05+83.51
F value Faroup=15.030, Fiime=23.659, Finteraction=34.572
P value Paroup<<0.001, Ptime<<0.001, Pinteraction<<0.001
CAI9 — Observation ) 40,395 20194310  18.8142.72
(pg/mL)  group
Control group  26.39+4.02 23.70+£3.68 21.57+3.11
F value Foro=14.243, Fiime=21.165, Finteraction=28.694
P value Poroup<<0.001, Piime<<0.001, Pinteraction<<0.001

Colorectal cancer ranks third in incidence among
malignant tumors in China, and its incidence is increasing
yearly, with nearly 400,000 new cases each year. It has
become one of the major social health problems in China
[12-13].

HIPEC is a novel tumor adjunctive therapy that
delivers chemotherapy drugs directly into the peritoneal
cavity of colorectal cancer patients through an infusion
drainage tube, with features of circulating perfusion and
precise constant temperature [14-15]. This study shows
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that after one and three cycles of chemotherapy, the levels
of CD3", CD4", and CD4*/CD8" in the observation group
were higher than those in the control group, while CD8+,
serum CEA, VEGF, MMP9, and CA199 levels were
lower in the observation group. Compared to the control
group, the observation group had fewer recurrences and
metastases, and a higher proportion of patients achieved
disease-free survival. These results suggest that HIPEC
combined with laparoscopic surgery can better control the
disease in colorectal cancer patients, improve immune
function, and regulate serum tumor marker levels. The
effects of HIPEC on colorectal cancer mainly include: it
can effectively increase the local drug concentration,
extend the contact time between tumor tissues and
high-concentration drugs, accurately and efficiently
eliminate residual tumor cells in the peritoneal cavity, and
avoid drug accumulation in the bloodstream [16-17].
Additionally, the heat effect of HIPEC can directly affect
the chromosomes of tumor cells, promote the release of
lysozyme, enhance the cytolytic effect on tumor cells,
reduce the levels of serum tumor markers, and improve
disease control [18]. Moreover, chemotherapy drugs used
in HIPEC can also reach the portal vein via the
peritoneum, thereby increasing the drug concentration in
the liver and controlling liver metastases from colorectal
cancer [19]. After tumor surgery, colorectal cancer
patients generally have low immune function due to the
tumor itself and the surgical procedure. HIPEC
accelerates blood flow and wvasodilation through its
thermal effect, which helps induce the body's anti-tumor
immune response, improves immune function, and
promotes tumor cell apoptosis, ultimately improving the
prognosis of colorectal cancer treatment. The results of
this study showed no statistically significant difference in
adverse effects between the two groups. This may be
because HIPEC is a local treatment method, and the
peritoneal barrier function can slow down the diffusion
and absorption of macromolecular drugs during HIPEC,
maintaining a high drug concentration in the peritoneal
cavity to effectively kill cancer cells. Furthermore, after
chemotherapy drugs are metabolized in the liver and enter
the peripheral circulation, the side effects of
chemotherapy drugs are reduced [20].

Chronic inflammation is a key feature of tumors and
promotes an immune-suppressive tumor
microenvironment that facilitates tumor initiation and
progression. The development of colorectal cancer is
closely related to its inflammatory microenvironment.
Studies have shown that the binding of HMGBI and
RAGE can participate in the proliferation and invasion of
various tumor cells [21]. Research by Yang et al. [22]
indicated that serum HMGB1 and RAGE in early cervical
cancer patients were positively correlated with malignant
biological factors of tumors, such as Caspase-3, bel-2,
and MMP-1. Yi Zhenghong et al. [23] reported that
overexpression of HMGBI1 could reverse, to some extent,
the inhibitory effect of Gynostemma saponin on the
malignant biological behavior of osteosarcoma cells. The
results of this study show that the overall efficacy rate of
the observation group was higher than that of the control

group, and the serum HMGBI1 and RAGE levels in the
observation group after one and three cycles of
chemotherapy were lower than those in the control group.
This indicates that the expression of HMGB1 and RAGE
proteins is upregulated in colorectal cancer cells, and
downregulating HMGB1 and RAGE expression may help
improve the treatment efficacy for colorectal cancer. The
mechanism of the HMGB1/RAGE axis likely involves
inflammation, immune modulation, and regulation of
chemotherapy sensitivity. Chronic inflammation in
colorectal cancer patients can upregulate the expression
of HMGBI1 and RAGE proteins. The large release of
HMGB1 and RAGE enhances local inflammatory
responses,  activates  transcriptional  co-activators
downstream of the RAS signaling pathway, and
stimulates tumor cell proliferation through the
HMGBI1-RAGE axis [24-25]. HIPEC combined with
laparoscopic  surgery may regulate the tumor
microenvironment through the HMGBI-RAGE axis,
activate the immune system, antagonize cell proliferation,
and induce tumor cell apoptosis. In colorectal cancer
patients after laparoscopic surgery, HIPEC delivers high
concentrations of chemotherapy drugs directly to the
residual tumor tissues, and its higher drug efficacy
compared to systemic administration significantly
enhances the tumor-killing effect [26-27]. Furthermore,
the high temperature effect of HIPEC can enhance
lysosomal activity in cancer cells, destroy their stability,
reduce the residual tumor burden, and synergistically
improve anti-tumor immunity. This may involve
downregulating the expression of HMGB1 and RAGE,
inhibiting tumor-related inflammatory responses, and
improving treatment outcomes [28].

In conclusion, HIPEC combined with laparoscopic
surgery can effectively improve the immune function of
colorectal cancer patients, regulate tumor marker levels,
potentially act through the HMGBI/RAGE axis, and
enhance treatment outcomes with a certain degree of
safety.
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B R
8 5 FARVRIT 45 B e Ja WE e A T AR 7 1Y
AU N HMGB1 . RAGE 7K 284k,

RAE, B, ME, FEK
st — B AR AT D BB B AL, 1T K 030032

WE: BR HITE ST ARG YT 45 BV 5 I8 15 A k7 (HIPEC) AR, L 2w i B 5 & 1
1 (HMGB1) Fle 9 AL 2 =) Z A4 (RAGE) KA 4L AR IRIGY T3S . FAik #RER 2021 45 H 22024
A3 R EHT o BE SR ISR 1 152 il 2 I IS e T AR IR YT 1M 45 L e B 4% BN 7205 00 WS 4 (n=
76) X B (n=76) , H Ao BRZH 45 7> XELOX J7 22 4ky7 , WAL FE ML ALt 125 7 HIPEC,  FLB AT TR — el
10 SRS B I R IR AR AR [ IR N 2 A K R P (VEGE) 345 48 B T 9 (MMP9) BT R (CEA) M
HHUE199(CA199) | AHpEThAE(CD3.CD4' .CD8' .CD4'/CD8") . HMGB1 . RAGE . # fll i b7 X Bt 1 1a) 5 & e %
. &R WAV OKE  FARE R AR iR AR SSHE R 2 R TG TR (P> 0.05) 5 g%
ZH AR 1 TR IR (88.16% vs 75.00%, P < 0.05) s WELALALIT 1.3 4N JE W15 1% CEA . VEGF .MMP9 ,CA199
IR TF AT BEAL (P < 0.02) s WEE41ALYT 1.3 4 FMAJG CD3* .CD4" . CD4'/CD8 /K-F- 147 T X R4, CD8* /K-
FXFIRLH (P < 0.02) s WELLHARYT 1.3 EHA S I3 HMGB1  RAGE Y{IE T X B (P < 0.02) 5 Wi B 81 2 17 b %5
ZR TG 2= L (P >0.05) ; BT 6 T, WAL AL TTIR A7 L A3 i T X B4 (93.42% s 82.89% , x'=4.033,P <
0.05). &5t 45 HpIEIE BT ARIGYT 51T HIPEC A RUFTRC, AT 8 B A s e v ae , AR A AT ik 5 HMGBL/
RAGE RGO, HARW AN EERI SN A — g 2k

KR A5 MEIERGETALST s BB TR MR 1 1 BRI 2k s ek
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Effect of intraperitoneal hyperthermic perfusion chemotherapy after
laparoscopic surgery for colorectal cancer and the changes
in the HMGB1 and RAGE level
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Abstract: Objective To investigate the efficacy of hyperthermic intraperitoneal chemotherapy (HIPEC) after
laparoscopic surgery for colorectal cancer and the changes in the high mobility group box 1 (HMGB1) and receptor for
advanced glycation end products (RAGE) , providing a reference for clinical treatment. Methods A total of 152
colorectal cancer patients who underwent laparoscopic surgery at Taiyuan Central Hospital from May 2021 to March
2024 were selected and randomly divided into an observation group (n=76) and a control group (n=76) using a random
number table. The control group received XELOX chemotherapy, while the observation group received additional
HIPEC. The general surgical conditions, recovery condions, efficacy, tumor markers [vascular endothelial growth factor

(VEGF), matrix metalloproteinase-9 (MMP9), carcinoembryonic antigen (CEA), carbohydrate antigen 199 (CA199) |,
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during follow -up were compared between the two groups. Results There were no significant differences in incision
length, operation time, intraoperative blood loss, or postoperative exhaust time between the two groups (P>0.05). The
total effective rate in the observation group was higher than that in the control group (88.16% vs 75.00% , P<0.05). After
1 and 3 cycles of chemotherapy, serum levels of CEA, VEGF, MMP9, and CA199 in the observation group were lower
than those in the control group (P<0.02). After 1 and 3 cycles of chemotherapy, CD3*, CD4", and CD4/CD8" levels in
the observation group were higher than those in the control group, while CD8" levels were lower (P<0.02). Serum
HMGBI1 and RAGE levels in the observation group were lower than those in the control group after 1 and 3 cycles of
chemotherapy (P<0.02). There was no significant difference in adverse reactions between the two groups (P>0.05). After
6 months of follow-up, the disease-free survival rate in the observation group was higher than that in the control group
(93.42% vs 82.89%, ¥’=4.033,P < 0.05). Conclusion HIPEC after laparoscopic surgery for colorectal cancer demonstrates
good efficacy, improves immune function, and may be associated with the HMGB1/RAGE axis, without significantly
increasing adverse reactions, indicating a certain level of safety.

Keywords: Colorectal cancer; Hyperthermic intraperitoneal chemotherapy; Laparoscopic surgery; High mobility group
box 1; Receptor for advanced glycation end products; Safety
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45 B i 2w WA T AL E 2R G o, R
WS , ZEURE RIS C AL T IR B, FRal T
AMELIARA s I8 5 T AR R4S BT AR,
FARL MR R ABARFUMEAESL K R XU
WA S5 Ji AL 7 LR B XELOX J5 2245 H
[ AT O 5% 18 A 7 25 W) KR A i, A7 )
A 95 A ML A . XELOX 4 B ik fkyr i, 245
Py HE A 1 LA 58 4 27 I T o9 98 AL, in R 25 4554
AT —E AR R AT RICR (R RIE b
AR AR ME B B AL TT (hyperthermic intra-
peritoneal chemotherapy , HIPEC) 1237 FH F45% B
AJGHATNGY Y T 29WITE AR , rI e Rt
BAIT ] (R 245 e BEAR S , 42 TH B Ot 7% T At
UNEERERE " BB B, SOIETEA LA L i A2 i F rh
(1 B SR A BN (B SE 1 % ] & ¥ S0 Ve
FH JC 4518 . LA 3R 8 1 1 (high mobility
group box 1, HMGB1) j&&— i B 4 5E R, | IZ A7 7E
TRAZAHAZ N, AT SRR st Bl B A AT A
RIES o MRS REALZE 1) 32 14 (receptor for ad-
vanced glycation end products, RAGE ) J&— {1 By 55 i
T B Z IR RS S5 52K, S HMGB1 5%
KRAGEZ5 G 5, WG T USRS il . AR
1B HMGB1/RAGE SlEZS E i h A ERIL , A 22
Syl REE 1] 6 T7 SR R SRR o ORI )
HIPEC %5 12 1 8 T AR 4% HMGB1/RAGE Bl 7E45
W RO S bk . BRE LT .

1 #RSAHE
L1 —#&FH AU ETIE LI 2021 455 H 2

2024 43 A KR JE T o B BETA I 152 42 22 16
BEFARIGYT S B B R BB =54y
S REL NS B, 45 76 191 . AEA5 B Be A2 38 2% 51 2541t
#E (R L 5 : 20200119) L7 35 A 5K R % 7 [F)
B WARRUE AR A (b S5 B2 T INE (2020 48
RO VIZIbRifE " s A A 12 e Z BT R
IR0YT s ARRTKS A Jo it Ab 7 % 5 Karnofsky #F53=70 41 ;
TNM 539 I 39 5 )i B39 45 %5 (PCD P43 < 17 4319 IV
Wgh B A B IR ST R (HIPECHSAE ; JTTiUibsT
IRYT S TCHIPEC 2 Bk A 7 AR Rk . HEBRBRUE
FELENE R s T AE A2 ) < 6 4 1 BE A 3 2
FFAR S AAAE BT O VBT RE S AETE A AERE
B AT 22 TR G I AT IR 5 AR R
W LI Lok s K p R 5, O TR B VA3

XFHRZH Y] 46 15, 2 3015, AF% 45 ~ 64(53.82+4.39)
%, B A5 HE 50 (BMI) 23 ~ 26(23.61+0.92) kg/m’;
“h W 470, BRI 29 B I BAR 2.5 ~ 4.5(3.74=
0.28) cm ; i B IR A JII3E 43 191, R4 Fhdsa 19 9], B
P 1451 s TNM 43301 - 1359 49 151, IV a 399 27 5] ; PCI3F-43
11 ~16(13.86+0.72) 47 ; 35 = R B il pp25 (ASA) 73
123561, 43241, M9 Hi.

WERLH 5 43 5], % 33 151], AF % 43 ~ 66(54.47+5.23)
% ,BMI 21 ~27(23.83+1.05) kg/m®; &5 98 42 9], &
Ji 98 34 4] 5 MRS A% 3 ~ 5(3.80+0.31) cm; Ji B S Al
o R 41, AR AR 17 91, RO 18 {1 s TNM 43
B9 A 4561, IVadld 31 4] ; PCIEES> 12 ~ 16(14.07+
0.79) 53 s ASA 53 2% 1 9 3245, 11 2% 344, 2% 10 51
P2 L LR VR 22 S RG24 7 L (P> 0.05) , £
Ak,
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1.2 ik PR TIE B SRR TA R AR EIA T I
AAREE, B AN, TN em V10T, #2R
I R, R D oy e T RE | 6 25 L AR
Tk E WSS . TIFIE R, D15k e F R
BOF 586 8 Wi s RIS AL IE W) & 28 BT 0 1L 1
T BfIA NS R, PRGOS B0 D e 2 5
B A, A AR R K B P B0 2
121 XTHEA XHATTEBEERIEREA T
XELOX J5 RAbI7 ALITES 1 d, i 3 B Vb R (W
R AEY) TREA PR A HEHESCS - H20133094)
100 mg/m*, {4 7E 3 hs LI5S 1 ~ 14 d, H IR R K5
(m PR 2545 BR 28 w1, dik i SC% : H20223015)
850~1000 mg/m®, 2 Y/d; ARG 1 521 d 2 14> F A
7 3T IS A T RO

122 WEZEAH W AExT I LRt F45F HIPEC,
T SR S A 45 B 2 MR S s, TS 2 R
i FAA I SHE TR MLIT 46 HIPEC YAYT , FETF I - UK s
WE (L7787 e T 2547 BRAA W], b S5 : H21024236)
2 g,0.9% A AN TE ST 4 000 mL; HETT IR 43 °C, %
T3 . 100 ~ 800 mL/min, B B 514, 42 KRikfT
IR IESRYT 3R

123 BV RIT IR DAHTE (1125 0 T 6 4>
R85t 2 & ek K IO A L.

1.3 MEHe4r (1) AT RGN (2) HLigH
HITR . SERL 3N RENAYT A TP R E . 58
EGR AEE R TH RIYER =4 F . R DR ikt
TRBUESRITRIAR /N > 30% - e FE=4 i . Fasg gkt
TRFRGE /N <30% B 3 K <20% , PE 2 o AEAR R K=
209 BT AL . A ROR= (58 G ff+ T 5%
it ) K A5 E < 100% . (3) HLAE AT, 1697 1.3
AT JE I bR S . R PR FRIKIL 5 mL, 8 cm
2423 500 r/min 850> 12 min BUMLTE , BEEE G052 05 J s
K AEZEHT R 199(CA199) JEIAHTIE (CEA) JE 4
J& £ 1B 9 (MMP9) | IfiL 3 N 2 A= K - (VEGF) o
(4) HCBPI AT, L7 1.3 B e hag . R
FH A A A (S5 DL o & PR /R R, FC-500 ) il
T 96k E 200 it SV A (I3 CD3*.CD4* .CD8' .CD4'/CD8")
Ko (5) BRI, 4697 1.3 4 15 HMGB1
A RAGE K. R AL# KM S mL 25053 5 1L
T8 L R BRI G 728 W B LA I 7 HMGB1 . RAGE 7K
o (6) BT AL BRI . B RN A S R
WHO 3T T 25905 U8 Bl SN o3 bR i, 73
0~ IV, i, stk . (7) e E & F
B R IO HEAF S DL

1.4 %it 3k SR SPSS 27.0 B4 6 £ d k4 7
30T, TR GERHEIE A T 25 5 MR 5 R 24 IR
EZSO0 AT By 2255, wes 65, 21 18] FL B4 10 7 A
A e K 5 5 Z2 I [A]  ACR T B A i 7 25 3 A L A
i 1] 15 Ah B IR 3R 22 (RS AEAE A B3O, W B2 R
TRV AT ISV, A5 AR 2 AN, D)3E A B R
G 25 2787 22 50 B 4 N0V AL TRV
K Fl Bonferroni 77 5 % 46 16 7K #Ea=0.05 HEA 4% 1E 5 i3k
TP LA o THECRERE DA (%) R, LA T X K
5. KK ifEa=0.05,

2 & R

2.1 WmAFRELE WA FAREBE PO,
A I AR HEAC A R 25 S e i X
(P>0.05). WFE1,

22 WA Bt MERALEA AR R TR,
ZRAFI#E X (P<0.05), W#E2,

2.3 MAMEARES R LIRS E]IMIE CEA |
VEGF .MMP9 ,CA199 F Hisf [A] 501 L 20 [R1 400 A8 HLAL
PG (P < 0.05) , B a1 50 1 A0 18] 5500 1E
T3 B N ARG 36 . R FH Bonferroni 5 32 %5 K6 56 7K v
a=0.05 #1712 1E (o'=0.02) , PRZL AN [A] B B] L CEA
VEGF . MMP9 ., CA199 /K- L # 22 R A Gi it 2¢ i X
(P<0.02); 2485 J5 22501 R, WESHARYT 14
WE AT 34 RS I CEA .ZVEGF . MMP9 . .CA199
HCEEMEF XL (P <0.02) . WLEE 3.

24 WALFEHRER  HAAFERE CD3".CD4",
CD8".CD4"/CD8" [ Hsf [RI 501 21 [ RLN; 58 B 80w AT
GeitaE R (P <0.05) , B [AIA40N; 2 [RIRLN #EF T 5
K36 (o’ =0.02) , 4 £ /A [A] Bsf [a] CD3* . CD4*,CD8" |

&1 HATAMOILE  (3x)
Tab.1 Comparison of general surgical conditions between two
groups  (x#s)

TFOREHE DIOHRREE R

(min) (cm) (mL) Al (d)
WELL 76 140.10£35.38  4.62+1.13  103.24+24.87 3.10+0.91
XHHEZH 76 137.24+36.24  4.70+1.50 106.86+25.12 3.23+1.04
o 0.492 0.371 0.893 0.820
P1E 0.623 0.711 0.373 0.413

SRS RIGHFS

R2 WATRLE ()

Tab.2 Comparison of efficacy between two groups  (case)

qi I seeZE Worgi RE R BAREE(%)

WM 76 24 43 9 0 88.16
XHHEZH 76 17 40 19 0 75.00
Xi 4378
PH 0.036
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CD4'/CD8 L ZE R A G FE L (P <0.02) ; 24 i
07 22 M 4 B B, MY 1A R k)7
3N JEWJE CD3.CD4* . CD4'/CD8 ' 7K -1 5 T %) i
4H,CD8 KA T XL (P < 0.02) . W34,

2.5 #4L HMGBI #= RAGE s W4 A [A] et ] ifi.
i HMGB1 .RAGE B B[R] R4 W | 20 [B) 2500 L 58 B AN
G L (P <0.05) , B [RIRKR; 2H M) R0 0 #6412
AT (o' =0.02) , FGZH A [R] B[R] 1l 7 HMGB1 . RAGE
Fe i 22 A G2 L (P < 0.02) s 2788 )5 200

R3 MAHAMEIREYIILE (n=76, xs)

Tab.3 Comparison of tumour markers between two groups

(n=76, x+s)

7 LTI N, A 1
NMEEE 3N EEE
CEA (pg/mL) M40 28.34+5.92 17.52+3.82 4.46+1.38
POy iEi | 28.78+5.31 20.04+3.67 5.33+1.62

FAE Fum=11.624, Fyu=19.622, F :;=25.495

P P <0.001, Py <0.001, Py <0.001
VEGF (ng/L) Wi%4]  648.81+130.83 497.51+96.54 403.10+81.45
SPHEZH 660.23+142.79  542.38+112.60 449.63+85.29

FAi Fuu=19.375, F11y=26.388, F;=40.152

P1H P <0.001, Py < 0.001, Py < 0.001

MMP9(ng/L) MEEA]  583.72+120.63 367.81£93.55 294.23+73.84

XFUEZ]  566.48+134.65 414.57+100.83 341.05+83.51
FAi Fyi=15.030, Fun=23.659, F ;=34.572
PAE P s < 0.001, Py < 0.001, Py <0.001
CA199 (pg/mL) WL 26.88+3.96 20.19+3.10  18.81x2.72
X R 26.39+4.02 23.70£3.68  21.57+3.11
FAi Fup=14.243, Fy1y=21.165, F+;=28.694
P Py < 0.001, Py < 0.001, Py < 0.001

x4 MHRIENRELEL  (n=T76, F2s)

Tab.4 Comparison of immune function between two groups

(n=76, x+s)

wwooam Aw T M
NMEBE 3AEE
CD3" (%) WL 50.17+4.12  61.54%549  71.23+6.03
SPHRZL 4896537  56.31%5.53  65.30+5.22

FAH Fau=12.254, Fun=16.257, F ;,=25.830

PiE P i < 0.001, Py < 0.001, Py <0.001
CD4.(%) WL 31.07£3.99  38.64x4.31  43.55+4.72
WIIRZE 32.35+4.12  35.37¢4.02  37.51%3.97

FI Fuw=11.538, Fuu=18.433, F;=28.017

PAE Py < 0.001, Py < 0.001, P < 0.001
CD8" (%) WMEEL]  30.41+3.34  23.6422.54  21.03+2.42
FPHALZ 30.36£3.62  26.87£2.69  24.96+2.56

FAH Fan=14.109, Fu1=23.064, F.:;=37.455

P P iy < 0.001, Py <0.001, Py <0.001
CD4/CDS"  WiZ4H 1.02+0.31 1.63+0.50 2.07£0.62
X A4 1.07+0.33 1.32+0.36 1.50+0.38

FAH F4y=9.561, F=14.586, F ..;=24.348

P& P iy <0.001, Py <0.001, P <0.001

S5 IR  MERLST LSS A7 3RS i
75 HMGB1 . RAGE #IE FXHIRZH (P < 0.02) . WS,
26 WMEI R LR AT FIIRER
AN D R 22 TG (P> 0.05) o
W26,

27 WMUAEE BHRIKAEFELLE FHE6
AH RN K SR 56, I A A7 7161, XF B4
5k FERS 1341, JoR AR A 63 1], WA TOHi A AR
15 T B4 (93.42% vs 82.89% , x*=4.033,P < 0.05) .

#5 PIULHMGBI FIRAGE UL (n=76, wss)
Tab.5 Comparison of HMGB1 and RAGE between two
groups  (n=76, x+s)

Hohr ap Aw Tt AoEsH

JaE JaE

HMGBI1 (ng/mL) Wi%&41  3.19+0.95 127+034  0.86+0.24
FEEA 2.96+0.83 1.5420.54 1.29+0.37

FAH Fu=10.823, Fun=13.625, F 4;=21.582

P Pain <0.001, P"™ <0.001, Py <0.001
RAGE(pg/mL) WIZ4] 318.52+49.33 214.28+42.05 156.30+36.59
SFHRZH 309.11247.29 257.43+47.81 188.16x41.57

F{H F4w=17.951, Fun=22.483, F +=35.038
P P i < 0.001, Pyin <0.001, Psx <0.001

®6 MUFERISOVILE  (n=76, i)
Tab.6 Comparison of toxic and side effects between two

groups  (n=76,case)

15 LR e SE ot
I~Tg M~IVge T ~T% M~V T ~10g% 1~IVK

ML 19 11 11 5 14 5

Xif B4 16 14 10 3 9 3

X1E 0.617 0.621 1.992

PAE 0.734 0.733 0.369

3 %W

45 T W9 9 SR AE TR A e v A =
HAFTEZ AT 283 BB G [R5 3T 40 T ), © B
R A S R R R

HIPEC /&8 R g i Bin v Jr ik, a4y 254
ZHETE S S E R A B IR IR D, 2
G KSR RS AR5 R L 1k
J7 1.3 RS WAL CD3' .CD4" . CD4'/CD8 /K -1
T RE 4, CDS” L ML CEA . VEGF ,MMP9 , CA 199
IR PR T X B 5 AR T X0 B, L 2 i 75 0 (1)
BRI AR B3 . #78 HIPEC B
M B TR T 45 B i B b AT B b A R
I, R T 0 LA S 2 T BE L RS IR PN e R b A
Y. 534 HIPEC X 45 B e A F = 257E T« hg
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BUHE = R 2 VR B S bR 1 S VR B 2 )
P4 A IV, A v 2050 5 B3R R s A B i 24 ML
Hb S B AE AN 25 & L R, HIPEC 34
S50, B L 1 bR A i e € 1, 412 1 3 AT G
JC, 388 T ke 4 L AR P el I PN R A
PR SRS HIRCR . Ak HIPECIRY T
ST 251 AT R BRI T K, — e R S
WU B 48 e I e A i 2 R R . 45
B B 2 R TR S, R AL S g )
REHFAI , HIPEC i 3o 44 FH I bR i 37t 3 B8 I 380 9
ik, A R T AL R A0 M G 2, B
PE R G IR G g% D RE L 2 1 AR A R T, ek
HEEERIRIT UG o« ARSI BN, WAL R
N H A 22 S TS i E i L. T RE i F HIPEC /&
— B R ERIG YT R, 1R E I T e W] U 18 HIPEC J)
BRIAYT SRR R4 T 25 B P BN, D 4R R
HH B A 2 R B L A RO KR A s LAY 2
2 HFWEAR IS PR e ARG IR, A R F BRI T 24
Yyt 2w

P S RE 2 bR 1 DG BRERRAIE | AT 2 2 8 Tl A
BE iy S M, A bR & A R TR SR IR R SO B
S5 E R R S AR RO R % Y) . AT
55 ,HMGB1 .RAGE 255 J5 7] 2 5 Z Fh e 41 it
FIBATE (2782 e KA 2R B, R R i
BF M HMGB-1 . RAGE 5 g Wtk A= 9122171 M
KA F Caspase-3 . Bel-2 MMP1 /K F-EIEAH K KR
Sy IE PP GE B R HMGB 1 3k nf — @ f 30
B g IR T B DR A I 2B 2 A T R BT o
VEF o AFFE 25 R , WAL IS e gt B2
B SR ALARYT LAY RS AT 34 RS
HMGB1 . RAGE Ik F XF HE 4 o mT U4k 1 8 4 i
HfF7E HMGB1 .RAGE 25 11 i =i 3535, A HMGBL .
RAGE #3510 RBA A T8 S 45 B iR T ik . &
538t , HMGB1/RAGE %l VE FHAIL I v] BBV e RAE
£ VTS AL ST S TR, 25 L o R P 1
4% iE W] _F I8 HMGB1, RAGE % [ % i5 , HMGBI .
RAGE K& B R 3858 Jay B AR AE S, $TE RAS R
s AR N U ) e s S I, HMGB1/RAGE Hili 72
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