
Frontiers in Oncology

OPEN ACCESS

EDITED BY

Tadahiko Masaki,
Kyorin University, Japan

REVIEWED BY

Carmelo Laface,
National Cancer Institute Foundation
(IRCCS), Italy
Antonio Giovanni Solimando,
University of Bari Aldo Moro, Italy

*CORRESPONDENCE

Shenzha Liu

zhazha.liu.md@hotmail.com

RECEIVED 16 July 2023

ACCEPTED 22 November 2023

PUBLISHED 05 December 2023

CITATION

Han G, Cui L, Sun C, Yu L and Liu S (2023)
Efficacy of mFOLFOX6 plus bevacizumab
regimen in advanced colorectal cancer
after deep hyperthermia: a single-center
retrospective study.
Front. Oncol. 13:1259713.
doi: 10.3389/fonc.2023.1259713

COPYRIGHT

© 2023 Han, Cui, Sun, Yu and Liu. This is an
open-access article distributed under the
terms of the Creative Commons Attribution
License (CC BY). The use, distribution or
reproduction in other forums is permitted,
provided the original author(s) and the
copyright owner(s) are credited and that
the original publication in this journal is
cited, in accordance with accepted
academic practice. No use, distribution or
reproduction is permitted which does not
comply with these terms.

TYPE Original Research

PUBLISHED 05 December 2023

DOI 10.3389/fonc.2023.1259713
Efficacy of mFOLFOX6 plus
bevacizumab regimen in
advanced colorectal cancer
after deep hyperthermia: a
single-center retrospective study

Guohu Han, Lihua Cui, Changchun Sun, Lijiang Yu
and Shenzha Liu*

Department of Oncology, Jingjiang People’s Hospital Affiliated with Yangzhou University,
Jingjiang, China
Background: This study aimed to explore the clinical efficacy and safety of a

modified FOLFOX6 (oxaliplatin + leucovorin + 5-fluorouracil) plus bevacizumab

regimen after deep hyperthermia in advanced colorectal cancer.

Methods: A total of 80 colorectal cancer patients treated at our hospital were

selected as research subjects. According to the random number table method,

patients were divided into a control group (mFOLFOX6 plus bevacizumab) and a

combination group (mFOLFOX6 plus bevacizumab after deep hyperthermia

treatment), with 40 patients in each group. After six cycles of treatment, the

objective response rate (ORR), disease control rate (DCR), levels of serum tumor

markers carcinoembryonic antigen (CEA), vascular epidermal growth factor

(VEGF), Karnofsky performance status (KPS) scores, and the occurrence of

adverse events were compared between the two groups.

Results: After six cycles of treatment, the ORR in the combination group was

higher than that in the control group, but the difference was not statistically

significant (P>0.05). The DCR in the combination group was significantly higher

than that in the control group (P<0.05). The serum CEA levels in the control and

combination groups after treatment were significantly lower than those before

treatment, and the serum CEA and VEGF levels in the combination group were

significantly lower than those in the control group (all P<0.001). The KPS scores

in both groups after treatment were higher than those before treatment, and the

KPS scores in the combination group after treatment were significantly higher

than those in the control group (all P<0.001). The incidence of fatigue and pain in

the combination group was significantly lower than that in the control

group (P<0.05).

Conclusion: mFOLFOX6 plus bevacizumab after deep hyperthermia is effective

in advanced colorectal cancer patients, which can effectively improve their
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quality of life, and the adverse events are controllable and tolerable. A

randomized or prospective trial will be required to further prove these data

and explore its potentiality, especially if compared to conventional treatment.
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Introduction

Colorectal cancer is the third most common cancer and the

second most common cancer in terms of the number of people who

develop cancer five years after diagnosis worldwide (1). The leading

cause of death in colorectal cancer patients is distant metastases,

with the most common sites of metastases being the liver and lung,

followed by the lymph nodes, peritoneum, or brain, and 75% to 85%

of patients cannot be treated surgically (2). The advancement of

targeted therapeutic approaches, such as those focusing on

inhibiting vascular endothelial growth factor (VEGF) signaling,

BRAF and MEK pathways, as well as blocking epidermal growth

factor receptor (EGFR) signaling, in addition to the integration of

immunotherapy, in combination with conventional chemotherapy,

has demonstrated enhanced efficacy in terms of both progression-

free survival (PFS) and overall survival (OS) within certain specific

subgroups of metastatic colorectal cancer patient populations (3).

The utilization of the BRAF inhibitor encorafenib and the anti-

EGFR agent cetuximab, either alone or in combination with the

MEK inhibitor binimetinib, has exhibited remarkable

enhancements in clinical efficacy while maintaining an acceptable

level of toxicity, when compared to the use of standard

chemotherapy regimens (4, 5). The overall enhanced responses of

DNA mismatch repair-deficient (dMMR)/microsatellite instability-

high (MSI-H) colorectal tumors to immunotherapy are primarily

due to an increased immune cell infiltration compared to proficient/

stable (MMRp/MSS) tumors (6). There is evidence that a dual

immune checkpoint inhibitors (ICI) regimen has shown even

greater benefits for dMMR/MSI-H metastatic colorectal cancer

(7). Chemotherapy combined with targeted drugs is the first-line

standard treatment for advanced colorectal cancer, but there is still

a risk of progression after drug resistance, and adverse events in

cancer patients are obvious (8, 9). Randomized controlled trials
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(RCT) have shown that patients receiving FOLFOX6 plus

bevacizumab as first-line treatment for RAS mutant colorectal

cancer had objective response rates of 54.5%, median

progression-free survival 9.5 months, and median overall survival

of 25.7 months; the incidences of proteinuria and hypertension

were 9.9% and 8.3%, respectively (10). With the development of

new antitumor technologies, patients are paying increasing

attention to programs with good efficacy, low adverse events, and

less trauma, such as hepatic artery embolization chemotherapy,

microwave ablation, radiofrequency ablation, and deep

hyperthermia. Because deep hyperthermia causes no trauma and

does not increase the pain of patients, combined with conventional

radiotherapy and chemotherapy, it can have a synergistic effect on a

variety of anti-tumors (11–13). For more than four decades, the

utilization of hyperthermia as a radiosensitizer or chemosensitizer

has exhibited remarkable outcomes and currently demonstrates

successful application when combined with radiotherapy or

chemotherapy for the treatment of various tumor types. These

include recurrent breast cancer, bladder cancer, cervical carcinoma,

head and neck cancer, soft tissue sarcoma, and melanoma.

Hyperthermia substantially enhances the effectiveness of both

radiotherapy and chemotherapy, leading to significantly improved

control of tumors and extended periods of disease-free survival (14).

Simultaneously, individuals with locally advanced rectal cancer who

experienced elevated cumulative temperatures related to

hyperthermia exhibited a more robust rate of complete remission

and tumor regression (15, 16). This study investigated the efficacy

and adverse events of mFOLFOX6 combined with bevacizumab

after deep hyperthermia in patients who could not be resected for

advanced colorectal cancer, with the aim of providing new ideas for

the treatment of such patients.
Materials and methods

Baseline data

80 patients with colorectal cancer admitted to the seventh

affiliated hospital of Yangzhou University from January 2021 to

February 2022 were collected and divided into two groups

according to the random number table method. Prior to

enrollment, the two groups exhibited a relatively balanced

distribution of clinical baseline information, including sex, age,

site of primary tumor, differentiation degree, metastatic sites, and
frontiersin.org
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number of prior chemotherapy regimens. Detailed data can be

found in Figure 1 and Table 1, which illustrate the aforementioned

characteristics. The Ethics Committee of Jingjiang People’s Hospital

provided approval for this study (No. 2021-03-029). All subjects

provided written informed consent, consistent with the Declaration

of Helsinki.
Inclusion and exclusion criteria

Inclusion criteria were as follows: ① all subjects must be

diagnosed with advanced colorectal cancer by pathological and

imaging examination, and asked for consultation with

gastrointestinal surgery, hepatobiliary surgery, and neurosurgery,

without surgical indications; ② KPS score ≥ 70; ③ estimated survival

period ≥ 6 months; ④ at least one measurable solid lesion in the

abdomen; ⑤ the results of liver and kidney function, blood regular

test, and blood pressure were sound; ⑥ All patients and their

relatives in this study signed the informed agreement and

approved by the ethics committee of our hospital. The exclusion

criteria were as follows:① patients with secondary primary tumor; ②

patients with abnormal heart, liver, kidney and hematopoietic

function and mental disorders; ③ advanced cachexia or severe

basic medical diseases, abdominal skin collapse or infection; ④

anti-tumor history such as radiotherapy, chemotherapy,

immunotherapy, and targeted therapy within 1 month; ⑤ patients
Frontiers in Oncology 03
with fever, ascites, thrombosis; ⑥ patients with gastrointestinal

bleeding, perforation, or obstruction.
Treatment methods

For the control group, patients received bevacizumab once

every 14 days (day 1:5 mg/kg) followed by mFOLFOX6 (day 1:

oxaliplatin 85 mg/m2, leucovorin 400 mg/m2, and fluorouracil 400

mg/m2 intravenous bolus and then 2,400 mg/m2 more than 46 h

continuous infusion) for 6 cycles of 14 days. In the combination

group, all patients were administered a standardized treatment

regimen consisting of mFOLFOX6 and bevacizumab following

deep hyperthermia procedures. The tumor hyperthermia device

utilized in this study was manufactured by Nanjing Hengpu Weiye

Technology Co., LTD (Model NO. HY7000-1) and operated at a

power range of 400-850 watts. The preset temperature was set at 42-

43°C, and each treatment session had a duration of 40 minutes. The

operation process of hyperthermia: Localization is performed

according to CT, MR, and other imaging examinations, and the

projection location of the tumor center is determined on the body

surface. The temperature probe was fixed in the projection area on

the body surface of the lesion center, and the temperature was

monitored using a computer. The electrode plate was placed at the

same level as the tumor center and was surrounded by sufficient

water sacs to help dissipate heat. A computer control system was

used to set the hyperthermia target area to completely cover the

tumor. During treatment, the patients’ blood pressure, heart rate,

and respiratory rate were closely monitored and sweating

conditions were observed, as shown in Figures 2, 3. The

experimental protocol was approved by the ethics committee of

Jingjiang People’s Hospital Affiliated with Yangzhou University.
Outcome measures

Tumor markers included CEA and VEGF. CEA levels were

measured using instrument-supported reagents on a Roche 2010

electrochemiluminescence spectrometer (Basel, Switzerland).

Serum free VEGF was detected using an ELISA kit manufactured

by Chemicon Company (USA), according to the manufacturer’s

instructions. The normal reference values of serum CEA and VEGF

were 0.0-3.5 ng/ml and 6.25-142.2 pg/ml, respectively.

Clinical efficacy was assessed utilizing PET/CT/MRI in

accordance with the Response Evaluation Criteria in Solid

Tumors (RECIST1.1) (17).

Complete remission (CR) was defined as the disappearance of

all targeted lesions without the appearance of new lesions for a

minimum of one month. Partial remission (PR) was characterized

by a decrease in the total volume of the target lesions by at least 30%

without the occurrence of new lesions for a minimum of one

month. Progressive disease (PD) was identified by an increase in

the total volume of the target lesions by at least 20% or the

appearance of new lesions. Stable disease (SD) was defined as a

lack of sufficient shrinkage to meet PR criteria or a lack of significant
FIGURE 1

Flowchart of patient selection.
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growth to meet PD criteria, with patients experiencing stable

symptoms. Objective response rate (ORR) = (number of CR cases

+ number of PR cases)/total number of cases × 100%. Disease

control rate (DCR)= (number of CR cases+ number of PR cases+

number of SD cases)/total number of cases × 100.
Frontiers in Oncology 04
The Karnofsky performance status (KPS) score was used to

describe the patients’ quality of life between the two groups before

and after treatment. The KPS scale is employed to assess a patient’s

functional ability, with scores ranging from 0 to 100. A score of 100

indicates the patient’s full capability to carry out daily activities with
FIGURE 2

Treatment diagram.
TABLE 1 Baseline patient characteristics (n (%)).

Parameter (unit) Control group
(n=40)

Combination
group (n=40)

c2 P

Sex

Male 24 (60.00) 18 (45.00) 1.805 0.179

Female 16 (40.00) 22 (55.00)

Age (years)

<65 25 (62.50) 28 (70.00) 0.503 0.478

≥65 15 (37.50) 12 (30.00)

Site of primary tumor

Rectum 13 (32.50) 12 (30.00) 0.521 0.771

Left hemicolon 18 (45.00) 21 (52.50)

Right hemicolon 9 (22.50) 7 (17.50)

Differentiation degree

High differentiation 18 (45.00) 20 (50.00) 1.076 0.584

Moderate differentiation 19 (47.50) 15 (37.50)

Low differentiation 3 (7.50) 5 (12.50)

Liver metastasis

Yes 11 (27.50) 9 (22.50) 0.267 0.606

No 29 (72.50) 31 (77.50)

Brain metastasis

Yes 0 (0.00) 1 (2.50) 1.013 0.314

No 40 (100.00) 39 (97.50)

Number of prior regimens

1 10 (25.00) 11 (27.50) 0.065 0.799

≥ 2 30 (75.00) 29 (72.50)
frontiersin.org

https://doi.org/10.3389/fonc.2023.1259713
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Han et al. 10.3389/fonc.2023.1259713

Frontiers in Oncology 05
no clinical evidence of disease, including signs or symptoms.

Conversely, a score of 0 represents the patient’s decease. Higher

scores indicate better quality of life (18). As shown in Table 2.

Adverse events were assessed and graded based on the criteria

outlined in the National Cancer Institute’s Common Terminology

Criteria for Adverse Events version 4.0 (NCI-CTCAE v4.0).
Statistical analysis

</u>Statistical analyses were conducted using SAS version 9.2

(SAS Institute, Inc., Cary, NC) and GraphPad Prism 8.02 (GraphPad

Software, Inc.). The categorical data were expressed as (n (%)) and

analyzed via the chi-square test and correction of the continuity chi-

square test. The continuous data were reported as mean ± standard

deviation (mean ± SD), and comparisons before and after treatment

within the same group was assessed using paired samples t test. The

comparison between mean ± SD of the two groups was performed

using unpaired independent samples t test. A statistically significant

difference was defined as P < 0.05 (2-sided).
Results

Comparative analysis of clinical efficacy
before and after treatment between the
two groups

After treatment, the control and combination groups showed

50.00% (20/40) and 70.00% (28/40), matter of ORR with no

statistically significant difference (P > 0.05). The DCR in the

combination group 90.00% (36/40) was significantly higher than

that in the control group70.00% (28/40), with a statistically

significant difference (P< 0.05). as shown in Table 3.
Comparative analysis of the levels of serum
CEA, and VEGF before and after treatment
between the two groups

The levels of serum CEA [(12.41 ± 1.29) mg/L vs. (21.67 ± 1.68)

mg/L; (4.11 ± 1.36) mg/L vs. (22.02 ± 1.79) mg/L] and VEGF [(182.36
± 13.42) pg/ml vs. (253.24 ± 11.06) ng/ml; (120.08 ± 14.19) ng/ml

vs. (249.31 ± 12.14) ng/ml] in the control and combination groups

after 6 cycles of treatment were significantly decreased compared

with those before treatment, and the levels of serum CEA and VEGF

in the combination group were significantly lower than those in the

control group (all P< 0.001). as shown in Tables 4, 5.
Comparative analysis of the changes of the
KPS scores before and after treatment
between the two groups

The KPS scores in the both groups after treatment were (82.19 ±

1.57) and (88.72 ± 1.62), respectively, which were higher than (75.81
TABLE 2 Karnofsky performance status.

Conditions Percentage Comments

A: Able to perform
normal daily activities
and work. No special
care is necessary.

100 Normal, without symptoms or
signs of disease.

90 Ability to perform normal
daily activities, minor
symptoms or signs of disease.

80 perform normal daily activities
with some effort, some
symptoms or signs of disease.

B: Ability to live at home
and take care of most
personal needs.
Assistance is needed to
varying degrees.

70 Can take care of self, unable to
do work or maintain normal
daily activities. Such as
cooking, playing football, and
driving a car.

60 Can take care of self the most
of the time, but occasionally
required
considerable assistance.

50 Required considerable
assistance frequently.

C: Unable to take care of
self. Hospital care is
required. Disease can
advance rapidly.

40 Disabled, requires medical care
and assistance, in bed ≥50% of
the time.

30 Seriously disabled, unable to
take care of themselves, almost
always in bed.

20 Seriously bedfast,
hospitalization necessary,
requiring active
supportive treatment.

10 Moribund, comatose or
difficult to wake up.

0 Dead.
FIGURE 3

Treatment process.
frontiersin.org

https://doi.org/10.3389/fonc.2023.1259713
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Han et al. 10.3389/fonc.2023.1259713
± 1.71) and (76.20 ± 1.80) before treatment, with statistically

significant differences, and the KPS scores in the combination

group after treatment were significantly higher than those in the

control group (all P< 0.001). as shown in Table 6.
Comparative analysis of adverse events of
patients in the two studied groups

The incidences of leucopenia, thrombocytopenia, anemia,

nausea, vomiting, fever, burn, ascites, rash and gastrointestinal

Hemorrhage in the two groups were no statistically significant

differences (P > 0.05). The incidence of fatigue and pain in the

combination group was significantly lower than that in the control

group (P< 0.05). as shown in Table 7.
Discussion

Currently, systemic chemotherapy and targeted therapy are the

main treatments for inoperable advanced colorectal cancer.
Frontiers in Oncology 06
However, with the accumulation of drugs in the body, in addition

to killing tumor cells, bone marrow hematopoietic cells,

gastrointestinal mucosal cells, and other normal cells are also

damaged, resulting in a series of adverse events such as anemia,

agranulocytosis, nausea, vomiting, hair loss, and bleeding (19, 20).

Several clinical studies on advanced colorectal cancer have shown

that chemotherapy combined with bevacizumab can improve

patient outcomes (21–23). A meta-analysis involving 700 subjects

reported that 358 patients were treated with FOLFOX combined

with bevacizumab, of which 53.35% achieved ORR and 82.96%

achieved DCR, and 342 patients were treated with FOLFOX, 27.78%

achieved ORR, and 63.74% achieved DCR. In terms of the ORR and

DCR, the clinical efficacy of FOLFOX combined with bevacizumab

was better than that of FOLFOX alone in the treatment of advanced

colorectal cancer (24). Furthermore, a randomized controlled trial

involving 3178 people was conducted to analyze adverse events, and

it was found that gastrointestinal reactions were one of the most

common adverse events, mainly manifested as nausea, vomiting,

diarrhea, and anorexia. The incidence of gastrointestinal reactions

was 24.33% in the FOLFOX combined with bevacizumab treatment

group and 20.01% in the FOLFOX-only group (24). A preliminary
TABLE 4 Comparison of serum CEA expression level of patients (mean ± standard deviation).

Groups n Before
treatment(mg/L)

After
treatment(mg/L)

t P

Control group 40 21.67 ± 1.68 12.41 ± 1.29 27.650 < 0.001

Combination group 40 22.02 ± 1.79 4.11 ± 1.36 50.387 < 0.001

t 0.902 28.004

P 0.370 < 0.001
CEA, carcinoembryonic antigen.
TABLE 5 Comparison of serum VEGF expression level of patients (mean ± standard deviation).

Groups n Before
treatment(pg/ml)

After
treatment(pg/ml)

t P

Control group 40 253.24 ± 11.06 182.36 ± 13.42 25.778 < 0.001

Combination group 40 249.31 ± 12.14 120.08 ± 14.19 43.767 < 0.001

t 1.513 20.168

P 0.134 < 0.001
VEGF, Vascular endothelial growth factor.
TABLE 3 Comparison of clinical efficacy of patients (n (%)).

Groups n CR PR SD PD ORR DCR

Control group 40 3 (7.50) 17 (42.50) 8 (20.00) 12(30.00) 20 (50.00) 28 (70.00)

Combination group 40 2 (5.00) 26 (65.00) 8 (20.00) 4 (10.00) 28 (70.00) 36 (90.00)

c2 3.333 5.000

P 0.068 0.025
fro
CR, complete response; PD, progressive disease; PR, partial response; SD, stable disease; ORR, objective response rate; DCR, disease control rate.
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investigation was conducted to assess the effectiveness of combining

bevacizumab and FOLFOX-4 with deep electro-hyperthermia in

previously untreated patients with metastatic colon cancer. The

results of this combination therapy demonstrated significant disease

control. Specifically, at timepoint-1 and timepoint-2, a DCR of 95%

and 89.5% was observed, respectively (25). Another noteworthy

finding of this study was the absence of significant toxicity

associated with deep electro-hyperthermia treatment (25). It is

suggested that hyperthermia combined with the FOLFOX6

regimen has a good effect in the treatment of advanced colorectal

cancer, and adverse events can be tolerated.

In the present study, results showed that the ORR of the

combined group was 70.00%, which was higher than that of the

control group (50.00%) (P > 0.05); and The DCR of the combined

group was 90.0%, which was higher than that of the control group

(70.00%, P< 0.05). This indicates that the clinical efficacy of

mFOLFOX6 combined with bevac izumab af ter deep

hyperthermia was higher than that of mFOLFOX6 combined with

bevacizumab alone. Its mechanism of action is that deep

hyperthermia relies on the thermal sensitivity of tumor cells (26).
Frontiers in Oncology 07
On the one hand, high-temperature cytotoxicity acts on the tumor

cell membrane and cytoskeleton, increasing the fluidity and

permeability of the cell membrane, changing the tension of the

cell membrane surface, breaking the internal and external balance

of the cell, increasing the concentration of antitumor drugs in cells,

accelerating cell apoptosis, and improving the ability to kill tumors.

On the other hand, high temperatures induce protein denaturation

and coagulative necrosis in localized tumor cells, resulting in

detachment of tumor tissue, and consequential impairment of

tumor cell synthesis and repair functions, and has negative

thermal tolerance to deep hyperthermia, thus damaging cells and

achieving tumor control (25, 26). With a decrease in tumor burden

in vivo, the level of tumor markers in the peripheral blood will

also decrease.

Serum tumor markers are associated with tumor diagnosis and

disease progression. CEA and VEGF are the most common serum

tumor markers of colorectal cancer (27). Elevated serum levels of

CEA are commonly utilized for the diagnosis of colorectal cancer, as

they are indicative of tumor invasion depth, lymph node metastasis,

and tumor metastasis (28). In addition to CEA, a previous study
TABLE 6 Comparison of KPS scores of patients (mean ± standard deviation).

Groups n Before
treatment

After
treatment

t P

Control group 40 75.81 ± 1.71 82.19 ± 1.57 17.382 < 0.001

Combination group 40 76.20 ± 1.80 88.72 ± 1.62 32.698 < 0.001

t 0.993 18.307

P 0.324 < 0.001
KPS, Karnofsky performance status.
TABLE 7 Comparison of adverse events of patients (n (%)).

Adverse event No. (%) of adverse events overall and by grade

Control group (n=40) Combination group (n=40) P value

Grade Grade

I II III IV I II III IV

Leucopenia 11 (27.5) 14 (35) 8 (20) 0 (0) 14 (35) 16 (40) 5 (12.5) 0 (0) 0.531

Thrombocytopenia 4 (10) 4 (10) 0 (0) 0 (0) 3 (7.5) 1 (2.5) 1 (2.5) 0 (0) 0.363

Anemia 8 (20) 6 (15) 1 (2.5) 2 (5) 4 (10) 9 (22.5) 2 (5) 0 (0) 0.648

Fatigue 20 (50) 7 (17.5) 0 (0) 0 (0) 11(27.5) 0 (0) 0 (0) 0 (0) <0.001

Nausea 23 (57.5) 6 (15) 0 (0) 0 (0) 28 (70) 3 (7.5) 0 (0) 0 (0) 0.606

Vomiting 6 (15) 2 (5) 0 (0) 0 (0) 5 (12.5) 0 (0) 0 (0) 0 (0) 0.363

Fever 5 (12.5) 1 (2.5) 0 (0) 0 (0) 7 (17.5) 0 (0) 0 (0) 0 (0) 0.762

Pain 21 (52.5) 6 (15) 0 (0) 0 (0) 11 (27.5) 2 (5) 0 (0) 0 (0) 0.002

Burn 0 (0) 0 (0) 0 (0) 0 (0) 2 (5) 0 (0) 0 (0) 0 (0) 0.474

Ascites 7 (17.5) 1 (2.5) 1 (2.5) 0 (0) 6 (15) 4 (10) 0 (0) 0 (0) 0.793

Rash 3 (7.5) 0 (0) 0 (0) 0 (0) 2 (5) 2 (5) 0 (0) 0 (0) 1.000

Hemorrhage, GI 4 (10) 1 (2.5) 0 (0) 0 (0) 3 (7.5) 0 (0) 0 (0) 0 (0) 0.709
fro
GI, gastrointestinal.
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showed that serum VEGF was highly positively correlated with

lymph angiogenesis and tumor progression in patients with

colorectal cancer (29). Bevacizumab exerts potent inhibition on

the binding of VEGF to vascular endothelial growth factor receptor

(VEGFR), effectively suppressing angiogenesis and impeding the

proliferation and metastasis of tumor cells (30). One study showed

that hyperthermia may have an anti-lymphangiogenic effect by

inhibiting the expression of tumor VEGF, thereby inhibiting the

lymphatic metastasis of cancer cells in tongue squamous cell

carcinoma (31). Chemotherapy combined with hyperthermia was

used in patients with lung cancer, and the serum CEA level in the

combined treatment group was lower than that in the single-

treatment group (32). This study showed that the levels of serum

CEA and VEGF in the combined group were lower than those in the

control group (all P< 0.05). Overall, hyperthermia may improve the

prognosis of patients with advanced colorectal cancer.

This study suggests that there was no significant difference

between the two groups in the incidence of hypertension, bleeding,

bone marrow suppression, transaminase elevation, nausea, and

vomiting (all P > 0.05), which was mainly grade I-III.

Symptomatic treatment can be improved without affecting the

next cycle of treatment. However, the incidence of fatigue and

pain in the control group was significantly higher than that in the

combined group (P< 0.05), which may be related to the fact that

high temperatures help blood circulation and accelerate the

discharge of metabolic waste, thus improving the quality of life

and immune function of patients (33–35). Compared with the

control treatment group, combination therapy was more effective

and less toxic.

Future studies could compare this regimen with other emerging

treatments for advanced colorectal cancer to establish relative

efficacy and safety. Similar to the rationale behind using deep

hyperthermia, CTLA-4 inhibitors might also contribute to

reducing the side effects of chemotherapy by potentially requiring

lower doses of chemotherapeutic agents due to the enhanced

immune response (36, 37). Since hyperthermia can enhance the

efficacy of chemotherapy and targeted therapies, there’s potential to

explore how it interacts with CTLA-4 inhibitors (38, 39).

Hyperthermia may alter the tumor microenvironment in a way

that makes immunotherapy more effective (40). Indeed, CTLA-4,

capecitabine, chemotherapy in colorectal cancer and immune

checkpoint, immune checkpoint inhibitors and immunotherapy

are crucial topics and should be given more attention in the future.

Although there is a lot of debate and controversy on the medical

treatment of patients with advanced colorectal cancer, every new

effective treatment that we explore, every new hypothesis that is put

forward, whether it is accepted or rejected, gets us a bit closer to

doing that we do. This study represents the pioneer utilization of a

combination therapy approach involving chemotherapy, targeted

therapy, and deep hyperthermia for cancer treatment. However,

certain limitations are worth acknowledging. These include a small

sample size, a relatively short treatment duration, and the absence

of survival time observation during the initial design phase. As a

result, further verification through larger-scale clinical trials and

long-term efficacy assessments is necessary to substantiate

these findings.
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Conclusion

In summary, mFOLFOX6 combined with bevacizumab after

deep hyperthermia is effective in patients with advanced colorectal

cancer, with good quality of life and controllable adverse events.

Notably, the combination therapy leads to substantial reductions in

tumor marker levels and significantly enhances the clinical response

rate. With these favorable outcomes, its broader implementation

holds promise and merits consideration. Consequently, additional

randomized controlled trials and prospective studies are warranted

to provide a more definitive assessment on this topic.
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