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Abstract \
Background: The effect of intra-operative chemotherapy (IOC) on the long-term survival of patients with colorectal cancer (CRC)
remains unclear. In this study, we evaluated the independent effect of intra-operative infusion of S-fluorouracil in combination with
calcium folinate on the survival of CRC patients following radical resection.

Methods: 1820 patients were recruited, and 1263 received IOC and 557 did not. Clinical and demographic data were collected,
including overall survival (OS), clinicopathological features, and treatment strategies. Risk factors for IOC-related deaths were
identified using multivariate Cox proportional hazards models. A regression model was developed to analyze the independent
effects of IOC.

Results: Proportional hazard regression analysis showed that IOC (hazard ratio [HR]=0.53, 95% confidence intervals [CI] [0.43,
0.65], P < 0.001) was a protective factor for the survival of patients. The mean overall survival time in IOC group was 82.50 (95%
CI [80.52, 84.49]) months, and 71.21 (95% CI [67.92, 74.50]) months in non-IOC group. The OS in IOC-treated patients were
significantly higher than non-IOC-treated patients (P < 0.001, log-rank test). Further analysis revealed that IOC decreased the risk
of death in patients with CRC in a non-adjusted model (HR=0.53, 95% CI [0.43, 0.65], P < 0.001), model 2 (adjusted for age and
gender, HR=0.52, 95% CI [0.43, 0.64], P < 0.001), and model 3 (adjusted for all factors, 95% CI 0.71 [0.55, 0.90], P = 0.006).
The subgroup analysis showed that the HR for the effect of IOC on survival was lower in patients with stage Il (HR = 0.46, 95% CI
[0.31, 0.67]) or III disease (HR=0.59, 95% CI [0.45, 0.76]), regardless of pre-operative radiotherapy (HR=0.55, 95% CI [0.45,
0.68]) or pre-operative chemotherapy (HR=0.54, 95% CI [0.44, 0.66]).

Conclusions: [OC is an independent factor that influences the survival of CRC patients. It improved the OS of patients with stages I
and III CRC after radical surgery.

Trial registration: chictr.org.cn, ChiCTR 2100043775.
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592,232 new CRC cases and 309,114 CRC deaths in
China in 2022. In China, CRC rates in the population as a
whole have been increasing, but in the United States, they
have recently declined. And the proportion of CRC in the
total population of China is 51gn1ﬁcantly higher than the
averages in other parts of Asia.l'l Major treatments for
CRC include surgery, adjuvant chemotherapy, radiother-
apy, and other comprehensive treatments. Radical resec-
tion (RO resection) is substantial for reducing the risk of
death. However, a study including 5671 patients with CRC
undergoing radical resection between 2003 and 2008 in
the Dutch Eindhoven Cancer Registry showed that nearly
18% of patients developed metastasis after surgery.!”’

The primary goal of CRC treatment is to prevent post-
operative metastasis and prolong long-term survival. The
long-term survival of patients with CRC could be
improved by optimizing peri-operative treatments.
Intra-operative chemotherapy (IOC) is a method of
intra-operative treatment and mainly includes intra-
arterial chemotherapy, ] intra-operative intravenous
chemotherapy,!”! intra-peritoneal chemotherapy,'® and
peritoneal hyperthermic perfusion chemotherapy. M (;
may be applied as a peri- operatlve treatment for patients
with CRC. In 1990, Hossfeld!'?! performed IOC with 5-
fluorouracil (5-FU) plus levamisole during CRC surgery
but did not observe positive results. In 2019, a retrospec-
tive study involving 551 patients with CRC showed that
patients who underwent I0C (193/551) and received
hydroxycamptothecin for peritoneal irrigation as well as
tumor necrosis factor, 5-FU, and calcium folinate via
intravenous injection had a more favorable independent
survival outcomes than those who did not (hazard ratio
[HR]=0.30, 95% confidence intervals [CI] [0.19-0.48],
P< 0.001).h” However, this study had a small sample
size, and no regression model based on IOC was
developed. Another randomized, multicenter, prospective,
phase III IOCCRC trial (NCT01465451) investigated the
safety and efficacy of surgical resection plus IOC (n = 341;
randomized to three groups: portal vein, intra-luminal,
and intra-peritoneal chemotherapies) vs. surgical resection
alone (7 =344, patients were randomized to the control
group to undergo surgery alone). The results indicated
that IOC did not increase the rate of surgical comphca—
tions in patients with CRC.""*! However, mesenteric vein
injection with 5-FU during intravenous chemotherapy
may increase the risk of surgery. In addition, rare studies
have reported the effect of IOC (5-FU + leucovorin) on the
long-term survival of patients with CRC. Therefore, we
performed a single-center, retrospective cohort study
comprising 1820 patients with CRC and explored the
independent effect of IOC on their long-term survival. Our
findings may provide preliminary data support for the
application of IOC in CRC patients.

Methods

Ethical approval

This retrospective cohort study was approved by the
Ethics Committee of The Fourth Hospital of Hebei
Medical University (No. 2020kt417), and performed in
accordance with the Helsinki Declaration of 1975,
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as revised in 2000. The requirement for informed consent
was waived because of the retrospective design of the
study. This study was registered in the Chinese Clinical
Trial Registry  (http://www.chictr.org.cn; ChiCTR
2100043775).

Patients

A total of 2534 patients with CRC who underwent radical
surgery at the Second General Surgery, The Fourth
Hospital of Hebei Medical University were screened
between January 2008 and March 2015. Of them, 2234
were eligible for enrollment in the study. After excluding
277 patients without data on IOC and 137 lost to follow
up, 1820 patients were finally recruited. Of these patients,
1263 underwent IOC and 557 did not [Figure 1].

Inclusion and exclusion criteria

The inclusion criteria were as follows: (1) pathological
diagnosis of CRC confirmed by histological examination;
(2) patients underwent radical surgical resection; (3)
patients diagnosed as stage IV with resectable metastases
and underwent intra-operative metastasis RO resection;
and (4) patients of all ages. The exclusion criteria were as
follows: (1) diagnosis of simultaneous and heterochronous
multiple primary cancers, (2) diagnosis of appendix
adenocarcinoma or other types of tumors, (3) incomplete
data, (4) metastases found after 4 to 8 weeks of follow-up,
and (5) lost to follow-up.

Screening 2534 patients
From Jan. 2008 to Mar. 2015

—>|98 patients with incomplete data

| 2436 patients were included

202 did not meet inclusion criteria
75 patients with multiple primary cancers
44 patients were appendix adenocarcinoma
or other types of tumors
83 patients with metastasis after 4-8 weeks
operation

2234 patients follow up

277 patients lack of information about
intraoperative chemotherapy
137 patients lost to follow-up

| 1820 patients completed study* |

[1263 with I0Ct| [557 without IOC|

Figure 1: Flow diagram of the screening in patients with CRC administered with and
without 10C. “Patients who completed the follow up. "For I0C. CRC: Colorectal cancer; 10C:
Intra-operative chemotherapy.
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Surgical resection

All the patients underwent surgical resection (total
mesorectal excision or complete mesocolic excision).
Intra-operative resection of metastases was performed
by experienced hepatobiliary and thoracic surgeons.

106

Patients who underwent IOC received an intravenous
infusion of 5-fluorouracil (5-FU 1000 mg + 5% dextrose
injection 500 mL) in combination with leucovorin
(600 mg, intravenous infusion before 5-FU). The infu-
sion was initiated 30 min after the initial of operation
and terminated before the end of the operation. In
addition, adverse events (AEs) like skin rashes were
monitored.

Other treatments

Pre-operative chemotherapy (PreOC) indicates chemo-
therapy (oxaliplatin, fluorouracil, or irinotecan) adminis-
tered to the patients before surgery. Meanwhile, pre-
operative radiotherapy (PreOR) refers to radiotherapy
administered to patients before surgery, including long
and short-term radiotherapies. Post-operative chemother-
apy (POC) is the adjuvant chemotherapy with oxaliplatin
and fluorouracil administered to patients after radical
surgery. The radiotherapy administered to patients
according to their post-operative stages is regarded as
post-operative radiotherapy (POR). In this cohort, the
number of patients who received PreOC, PreOR, POC, and
POR was 50, 14, 1085, and 126, respectively [Table 1].

Follow-up

Patients were followed up every three months by telephone
calls, outpatient follow-up, or regular review until January
31, 2016, or death. The median follow-up time was (44.0
+ 23.3) months (range: 0.77-98.67 months). The lost to
follow-up rate was 6.13% (137/2234).

Data collection

The primary outcome was overall survival (OS), defined as
the time from diagnosis till death. Patients who remained
survived at the end of the follow-up period were censored.
The collected demographic and clinical characteristics of
all patients included age, gender, hospital stay (time from
hospitalization to discharge), location (rectum, sigmoid
colon, descending colon, transverse colon, and ascending
colon/ileocecum), position (left colon/rectum, right colon;
left colon: sigmoid colon, descending colon; right colon:
transverse colon, ascending colon/ileocecum), surgical
approach (laparoscopic surgery or open surgery), type of
medical record, vascular tumor thrombus, family history,
ascites, obstruction, local spread, and treatment strategy
[Table 1]. The TNM stage was collected according to the
8th edition of the American Joint Committee on Cancer
(AJCC) CRC staging system, %! including T stage (tumor
in situ [Tis], T1, T2, T3, T4), N stage (NO, N1, N2), M
stage (MO, M1), and tumor nodal and metastasis (TNM)
stage (Stage I[: T1-2NOMO; Stage I1: T3-4NOMO; Stage I11:
T1-4N1-2M0O; Stage IV: TO-4N0-2M1).
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Statistical analysis

Categorical variables were expressed as number and
compared using the x* test or Fisher’s exact probability
method. Descriptive variables (age and hospital stay) were
biased data, which were presented as median (interquar-
tile range) and compared using the Mann—Whitney U test.
Influencing factors were analyzed using Cox proportional
hazard regression analysis. The Kaplan—-Meier method
was used to draw survival curves of patients with CRC
after radical resection and the log-rank test was used to
compare the OS of patients. Statistical significance was set
at P < 0.05. All analyses were performed using Empower
(R) (X&Y Solutions, Inc., Boston, MA, USA) and R
software (http://www.R-project.org, version 3.5.3).

Results

Clinicopathological features of patients with CRC

A total of 1820 Chinese patients were enrolled in this
study. In this cohort, 1263 patients (69.40%) underwent
IOC, whereas 557 (30.60%) did not. The age of IOC-
treated patients was 62.0 (54.0, 70.0) years, which was
not statistically significantly different from that of the non-
IOC group (62.0 [53.0, 71.0] years, P=0.688). The
proportion of male patients in the IOC group (696
[55.11%]) was statistically significantly lower than that in
the non-IOC group (339 [60.86%]) (P=0.022). In
comparison with IOC group, the non-IOC group had
less cases with rectal cancer (IOC vs. non-IOC groups, 828
[65.56%] vs. 326 [58.53%], P=0.028), at T3 stage (419
[33.17%] vs. 119 [21.36%], P < 0.001), and undergoing
laparoscopic surgery (449 [35.55%] vs. 139 [24.96%],
P < 0.001) [Table 1]. In contrast, there were more cases in
non-IOC group with ascending colon or ileocecum
(83 [14.90%] vs. 137 [10.85%], P=10.028), at T4 stage
(355 [63.74%] vs. 656 [51.95%], P < 0.001), with lymph
node metastasis (N1-2, 233 [41.83%] vs. 356 [36.11%],
P=0.008), with metastasis (26 [4.67%] vs. 32 [2.53%],
P =0.017), higher incidence of intestinal obstruction (155
[27.83%] vs. 116 [9.18%], P < 0.001), and with local
spread (81 [14.54%] vs. 93 [7.36%], P <0.001) when
compared with those in the IOC group [Table 1].

In the IOC group, only 11 (0.87%) patients underwent
PreOR. And in the non-IOC group, nine patients with
missing information on the PreOR were excluded from
the subsequent analysis. The non-IOC group had a lower
rate of PreOR (3 [0.54%], P < 0.001) than the IOC group.
Meanwhile, the IOC group had a lower rate of PreOC
than the non-IOC group (16 [1.27%] vs. 34 [6.10%],
P < 0.001; 13 patients with inadequate data in the non-
IOC group) [Table 1].

Cox regression analysis on factors influencing the 0S of
patients with CRC after radical resection

Univariate Cox regression analysis was performed with
death as the dependent variable (assigned values: death =
1, survival = 0). The independent variables analyzed
include gender, age, tumor position, surgical approach,
pathological type, TNM stage, T stage, N stage, M stage,
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Table 1: Clinical characteristics of colorectal cancer patients.

Characteristics Non-10C group (n=557) 10C group (n=1263) Statistics P values
Hospital stay (days) 16.0 (14.0, 19.0) 15.0 (13.0, 19.0) 6.434 0.0111
Age (years) 62.0 (53.0, 71.0) 62.0 (54.0, 70.0) 0.162 0.688
Gender 5.219 0.022
Male 339 (60.86) 696 (55.11)
Female 218 (39.14) 567 (44.89)
Location 10.846 0.028
Rectum 326 (58.53) 828 (65.56)
Sigmoid colon 94 (16.88) 190 (15.04)
Descending colon 15 (2.69) 39 (3.09)
Transverse colon 39 (7.00) 69 (5.46)
Ascending colon/ileocecum 83 (14.90) 137 (10.85)
TNM stage 10.894 0.012
Stage 1 74 (13.29) 165 (13.06)
Stage 11 244 (43.81) 636 (50.36)
Stage III 213 (38.24) 430 (34.05)
Stage IV 26 (4.67) 32 (2.53) ‘
T stage Fisher <0.001*
T1 27 (4.85) 35 (2.77)
T2 56 (10.05) 153 (12.11)
T3 119 (21.36) 419 (33.17)
T4 355 (63.74) 656 (51.95)
N stage 9.608 0.008
NO 324 (58.17) 807 (63.90)
N1 140 (25.13) 309 (24.47)
N2 93 (16.70) 147 (11.64)
M stage 5.707 0.017
MO 531 (95.33) 1231 (97.47)
M1 26 (4.67) 32 (2.53)
Position 3.697 0.055
Left colon and rectum 445 (79.89) 1056 (83.61)
Right colon 112 (20.11) 207 (16.39)
Surgical approach 19.841 <0.001
Laparoscopic surgery 139 (24.96) 449 (35.55)
Open surgery 418 (75.04) 814 (64.45) i
Pathological type ) Fisher 0.684°
Tubular adenocarcinoma I-1I" 483 (86.71) 1124 (88.99)
Mucinous adenocarcinoma 48 (8.62) 96 (7.60)
Tubular adenocarcinoma III* 19 (3.41) 29 (2.30)
Unknown 7 (1.26) 14 (1.11)
Vascular tumor thrombus 0.704 0.401
No 541 (97.13) 1235 (97.78)
Yes 16 (2.87) 28 (2.22)
Family history Fisher 0.078¢
No 526 (94.43) 1154 (91.37)
Yes 31 (5.57) 106 (8.39)
Unknown 0 (0) 3 (0.24)
Ascites 8.348 0.015
No 536 (96.23) 1237 (97.94)
Yes 9 (1.62) 18 (1.43)
Unknown 12 (2.15) 8 (0.63)
Pre-operative intestinal obstruction 106.010 <0.001
No 402 (72.17) 1147 (90.82)
Yes 155 (27.83) 116 (9.18)
Local spread 25.367 <0.001
No 466 (83.66) 1157 (91.61)
Yes 81 (14.54) 93 (7.36)
Unknown 10 (1.80) 13 (1.03) ]
PreOR Fisher <0.001°
No 545 (97.85) 1252 (99.13)
Yes 3 (0.54) 11 (0.87)
Unknown 9 (1.61) 0 (0)
PreOC Fisher <0.001°
No 510 (91.56) 1247 (98.73)
Yes 34 (6.10) 16 (1.27)
Unknown 13 (2.34) 0 (0)
POC 0.835 0.659
No 223 (40.04) 479 (37.93)
Yes 325 (58.35) 760 (60.17)
Unknown 9 (1.61) 24 (1.90)
POR 3.674 0.159
No 516 (92.64) 1140 (90.26)
Yes 29 (5.21) 97 (7.68)
Unknown 12 (2.15) 26 (2.06)

Data are expressed as median (interquartile range [IQR]) and 7 (%). " Mann-Whitney U test on comparing two groups. - Moderately differentiated and
well-differentiated adenocarcinoma. ¥ Poorly differentiated adenocarcinoma. ¢ P values were calculated using Fisher exact probability method. IOC:
Intra-operative chemotherapy; POC: Post-operative chemotherapy; POR: Post-operative radiotherapy; PreOC: Pre-operative chemotherapy; PreOR:
Pre-operative radiotherapy; TNM: Tumor Node Metastasis.
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vascular tumor thrombus, family history, ascites, pre-
operative intestinal obstruction, PreOR, PreOC, IOC,
POC, and POR. The results of the proportional hazard
regression analysis revealed TNM stage, N stage, M stage,
tumor position, surgical approach, pathological type,
vascular tumor thrombus, ascites, local spread, and pre-
operative intestinal obstruction as the influencing factors
for death in patients with CRC after radical resection
(P < 0.05) [Table 2]. Additionally, IOC (HR: 0.53, 95%
CI: 0.43, 0.65, P < 0.001) and POR (HR: 1.51, 95% CI:
1.09, 2.10, P=0.013) were influencing factors for the
death in patients with CRC [Table 2]. Survival curves were
drawn to investigate the impact of IOC on the OS of
patients. The mean overall survival time of IOC group
was 82.50 (95% CI, [80.52, 84.49]) months, and 71.21
(95% CI, [67.92, 74.50]) months in non-IOC group. We
found that in the IOC group, the 1-year survival rate
was 96.91%, the 3-year survival rate was 86.22%, and the
S-year survival rate was 80.14%. And the 1-year survival
rate was 94.08%, the 3-year survival rate was 75.50%,
and the S-year survival rate was 63.09% in the non-IOC
group. The OS rate in IOC-treated patients was statisti-
cally significantly higher than that of non-IOC-treated
patients (P <0.001, log-rank test). The Kaplan—-Meier
survival curve also demonstrated that the OS rate in the
IOC group was statistically significantly higher than that
in the non-IOC group [Figure 2].

Next, the independent effect of IOC on the OS in patients
with CRC was examined using Cox multiple regression
analysis. An intergroup comparison of the HRs and 95%
CI of death was performed using three models [Table 3]. In
the non-adjusted model, the IOC group showed a
decreased risk of death compared with the non-IOC
group (HR: 0.53, 95% CI: 0.43, 0.65, P <0.001). A
reduction in the odds of death (0.53) was observed in the
IOC-treated patients. Even after adjusting for age and
gender (the most important demographic factors), a
reduced risk of death was observed in IOC-treated
patients (HR: 0.52, 95% CI: 0.43, 0.64, P <0.001).
After adjustments for age, gender, TNM stage, T stage, N
stage, M stage, ascites, surgical approach, local spread,
family history, vascular tumor thrombus, pathological
type, location, position, pre-operative intestinal obstruc-
tion, PreOR, PreOC, POC, and POR, the HR for death in
patients treated with IOC was 0.71 (95% CI: 0.55, 0.90,
P =0.006).

Subgroup analysis

We further analyzed the effect of IOC on the OS of
patients with CRC in different subgroups [Figure 3]. The
subgroup analysis showed that the effect of IOC on
survival was not statistically significantly different in
patients with different gender, age (<60 years and >60
years), lymph node metastasis, position (left colon and
rectum, right colon), or obstruction. The HR for the effect
of IOC on the OS of patients with CRC was lower than the
non-IOC group in the subgroups at stage II (HR: 0.46,
95% CI [0.31, 0.67]) or I (HR: 0.59, 95% CI [0.45,
0.76]), without metastasis (M0; HR: 0.53, 95% CI [0.43,
0.66]), those treated with open surgery (HR: 0.51, 95% CI
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[0.40, 0.64]), with non-vascular tumor thrombus (HR:
0.53, 95% CI[0.43, 0.65]), without family history (HR:
0.54, 95% CI [0.44, 0.66]), without ascites (HR: 0.53,
95% CI[0.43, 0.65]), and without local spread (HR: 0.53,
95% CI [0.42, 0.68]). Furthermore, the IOC-treated
patients who did not receive PreOR (HR: 0.55, 95% CI
[0.45, 0.68]) or PreOC (HR: 0.54, 95% CI [0.44, 0.66])
had a lower risk of death [Figure 3].

10C-related side effects

In this study, there were two patients reported skin rashes.
One reason was antibiotic application, and the other was
intra-operative infusion of blood products. Both of the
skin rashes disappeared after anti-allergic treatment.
There were no IOC-related side effects.

Discussion

Radical surgery is one of the crucial treatment components
for CRC, especially total mesorectal excision!'* for rectal
cancer and complete mesocolic excision"® for colon
cancer. Moreover, it significantly reduces local recurrence
and improves long-term outcomes in patients with CRC.
However, radical surgery cannot completely eliminate
cancer cells. Therefore, for patients with stage II or III
CRC, oxaliplatin and 5-FU are commonly used as
adjuvant chemotherapy after radical surgery.l'® Recur-
rence and metastasis may occur in some patients due to the
presence of tumor cells or micrometastases in the
circulatory system."”'8 Our previous study showed that
the presence of micrometastatic cells in the bone marrow
was significantly associated with poor prognosis in gastric
cancer.!"”! Preliminary investigations of I0C began as
early as 1990.2° As the liver is the most common
metastasis site in CRC, some researchers have attempted
to perform perfusion chemotherapy via the hepatic artery
to reduce the post-operative liver metastasis occur-
rence.*1*?! However, a study by Kerr et al*!! showed
that the median OS of the intrahepatic arterial infusion
group was 14.7 months, whereas that of the intravenous
group was 14.8 months (HR: 1.04, 95% CI [0.80-1.33],
log-rank test, P=0.79), indicating intrahepatic arterial
infusion cannot significantly improve the the survival of
patients with cancer. Investigation on the effect of intra-
peritoneal hyperthermic perfusion chemotherap%r on
locally advanced CRC is currently in progress.***4
Recently, a multicenter, open-label, randomized clinical
trial (COLORPEC, NCT02231086) investigating the
effects of intraperitoneal infusion chemotherapy reported
no improvement in the survival of patients without
peritoneal metastasis for 18 months; instead a potential
increase in the economic and technical burden of patients
was noted.**!

16

In our study, univariate analysis showed that I0C
improved the OS in patients with CRC (HR: 0.53, 95%
CI [0.43, 0.65], P < 0.001). IOC is a simple procedure in
which intra-operative intravenous infusion of 5-FU and
calcium folinate is administered. At present, the studies
reporting the effects of intra-operative intravenous
chemotherapy are limited, and no high-quality evidence-
based medicine is available. Two random clinical trials
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Table 2: Univariate Cox proportional-hazard regression analysis of factors on 0S in CRC patients.
Exposures Survival, HR (95% CI) P values
Gender

Male Reference

Female 1.09 (0.89, 1.34) 0.391
Age (years) 1.00 (0.99, 1.01) 0.825
TNM stage

Stage 1 Reference

Stage 11 1.85 (1.09, 3.14) 0.022

Stage III 6.54 (3.94, 10.86) <0.001

Stage IV 21.38 (11.89, 38.45) <0.001
T stage

T1 Reference

T2 1.16 (0.39, 3.46) 0.795

T3 2.88 (1.06, 7.82) 0.038

T4 4.70 (1.75, 12.62) 0.002
N stage

NO Reference

N1 2.76 (2.15, 3.55) <0.001

N2 6.95 (5.45, 8.86) <0.001
M stage

MO Reference

M1 6.14 (4.36, 8.65) <0.001
Position

Left colon and rectum Reference

Right colon 1.39 (1.08, 1.78) 0.010
Surgical approach

Laparoscopic surgery Reference

Open surgery 1.35 (1.07, 1.70) 0.011
Pathological type

Tubular adenocarcinoma I-II" Reference

Mucinous adenocarcinoma 2.03 (1.51, 2.73) <0.001

Tubular adenocarcinoma III" 3.52 (2.30, 5.38) <0.001
Vascular tumor thrombus

No Reference

Yes . 1.75 (1.02, 2.98) 0.041
Family history*

No Reference

Yes 0.71 (0.45, 1.11) 0.135
Ascites®

No Reference

Yes 2.35 (1.35, 4.08) 0.003
Local spread!

No Reference

Yes 4.14 (3.26, 5.26) <0.001
Pre-operative intestinal obstruction

No Reference

Yes 2.59 (2.07, 3.24) <0.001
10C

No Reference

Yes 0.53 (0.43, 0.65) <0.001
PreORT

No Reference

Yes . 1.25 (0.40, 3.88) 0.704
PreOC

No Reference

Yes 0.57 (0.25, 1.28) 0.173
POC'"

No Reference

Yes 0.97 (0.79, 1.19) 0.762
POR*

No Reference

Yes 1.51 (1.09, 2.10) 0.013

Moderately differentiated and well-differentiated adenocarcinoma.

"Poorly differentiated adenocarcinoma. In our analysis, these patlents (21 cases)

with missing data were removed. * Famlly history group with three cases of data missing. § Ascites group with 20 cases of data mlssmg I'Local spread

group with 23 cases of data missing. 1PreOR group with nine cases of data missing.

PreOC group with 13 cases of data missing.

TPOC group with

33 cases of data missing. ¥ POR group with 38 cases of data missing. CI: Confidence intervals; CRC: Colorectal cancer; HR: Hazard ratio; IOC: Intra-
operative chemotherapy; OS: Overall survival; POC: Post-operative chemotherapy; POR: Post-operative radiotherapy; PreOC: Pre—operative
chemotherapy; PreOR: Pre-operative radiotherapy; TNM: Tumor Node Metastasis.
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reported the effect of IOC combined with portal vein
injection of fluorouracil on the long-term survival in
patients with CRC after radical resection, showing that
IOC significantly improve the 5-year survival. However,
the sample sizes of both studies were small.l**¢1 A
randomized controlled study by Chang et all”! focused on
the effects of portal vein chemotherapy plus mFOLFOX6
vs. mFOLFOX6 alone on patients with stage Il or III CRC.
The results showed reduced distant metastasis incidence
and improved disease-free survival in patients adminis-
tered IOC. In the aforementioned studies, chemothera-
peutic drugs were injected into the portal vein through
catheter placement during the operation. However, the
portal vein through catheter placement has been identified
as difficult to operate and long to learn. In 2017, a
prospective randomized controlled trial of 696 patients
also investigated the effect of IOC, but it mainly focused

1.00
IOC group
0.75 +
£
=
2
S 0.50
El Non-IOC group
@ 025t
Log-rank P<0.001
0 25 50 75 100
OS (months)
Number at risk
(months) 0 25 50 75 98
o = 557 392 210 68 4
S = 1263 947 487 135 4
5
5 E 3
i
HE
° 25 50 75 100
OS (months)

Figure 2: Kaplan—Meier estimates for OS in I0C and non-10C groups. Red line: non-10C
group. Blue line: 10C group. CRC: Colorectal cancer; 10C: Intra-operative chemotherapy;
0S: Overall survival.
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on the safety of operation without exploring oncological
factors.!"?! In the current study, we investigated the impact
of IOC on the long-term survival in patients with CRC. By
dichotomizing patients into IOC and non-IOC groups, we
found that the 1- (96.91% vs. 94.08%), 3- (86.22% uvs.
75.50%), and 5-year (80.14% vs. 63.09%) survival rates
of the IOC group were significantly higher than those of
the non-I0OC group (P < 0.001). We further constructed
three multiple regression models to explore whether other
confounding factors could affect the OS of patients with
CRC. The results showed that IOC was an independent
prognostic factor for CRC after adjusting for all the
variables.

Finally, we performed a subgroup analysis to examine the
impact of IOC on patients with CRC in different
subgroups. The impact of IOC on OS differs among
patients with different tumor stages. There was no
significant change in the impact of IOC on the OS of
patients at stage I or IV, which may be due to the better
prognosis of stage I patients and the worse prognosis of
stage IV patients. This is also the reason why many studies
primarily focused on patients at stages II and IIL!>!'!!
These findings suggest that IOC should not be adminis-
tered to patients with a pre-operative evaluation of stage I
or IV disease to reduce the economic burden and
unnecessary chemotherapy-related adverse reactions. In
addition, IOC had no significant impact on the OS of
patients with local dissemination (HR = 1.03, 95% CI
[0.68, 1.56]), which may be related to the presence of local
dissemination and potential peritoneal metastasis. Intra-
venous infusion injection of 5-FU did not show a
significant effect; thus, intra-peritoneal hyperthermic
perfusion chemotherapy may be a better option for these
patients.l”?%2”! The inconsistent results of pre-operative
chemoradiotherapy in the subgroup analysis may be
explained by the fact that pre-operative treatment
significantly suppressed tumor growth in patients. How-
ever, the sample size was too small; therefore, the results
should be interpreted with caution.

There are some limitations of this study. First, the
retrospective nature of this study may have led to biased
results. Prospective randomized controlled trials are
needed to validate the effects of IOC on prognosis during
follow-up. Second, as this was a retrospective study
and some patients had missing information related to

Table 3: Multivariate Cox regression model to analyze the impact of 10C on 0S in CRC patients.

Exposures HR (95% Cl)

1oc Non-adjusted” Adjust I" Adjust II*

No Reference Reference Reference
Yes 0.53 (0.43, 0.65) 0.52 (0.43, 0.64) 0.71 (0.55, 0.90)
P-value <0.001 <0.001 0.006

" Adjust and adjust T used 1820 samples.  Adjust IT used 1709 samples. Adjust I model adjusts for age and gender; adjust IT model adjusts for all
variables (adjust I + TNM stage, T stage, N stage, M stage, ascites, surgical approach, local spread, family history, vascular tumor thrombus,
pathological type, location, position, obstruction, PreOR, PreOC, POC, POR). CI: Confidence intervals; CRC: Colorectal cancer; HR: Hazard ratio;
10C: Intra-operative chemotherapy; OS: Overall survival; POC: Post-operative chemotherapy; POR: Post-operative radiotherapy; PreOC: Pre-
operative chemotherapy; PreOR: Pre-operative radiotherapy. TNM: Tumor Node Metastasis.
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Subgroup IOC (deaths, n) Non-IOC (deaths, m) Hazard ratio, 95%CI Pvalue P for Interaction
Gender o

Male 105 102 L 0.50 (0.38, 0.65) <0.001 0.554
Female 108 67 LK 0.56 (0.41, 0.76) <0.001

Age group

<60 92 58 L 0.66 (0.48, 0.92) 0.015 0.078
>60 121 111 L 0.46 (0.35, 0.59) <0.001

TNM stage H

Stage I 9 7 @4 0.56 (0.21, 1.50) 0.247 0.418
Stage 1T 56 48 L 0.46 (0.31, 0.67) <0.001

Stage 111 127 97 LY 0.59 (0.45, 0.76) <0.001

Stage IV 21 17 |‘.:“| 0.90 (0.47, 1.71) 0.746

Lymph node metastasis :

No 69 58 . 0.48 (0.34, 0.69) <0.001 0.371
Yes 144 111 L 0.59 (0.46, 0.75) <0.001

M Stage

MO 193 152 LN 0.53 (0.43, 0.66) <0.001 0.267
Ml 20 17 F‘:"l 0.81(0.42, 1.56) 0.536

Position i

Left colon and rectum 173 131 L] 0.54 (0.43, 0.68) <0.001 0.877
Right colon 40 38 LN 0.52 (0.34, 0.82) 0.004

Surgical approach

Laparoscopic surgery 69 29 194 0.69 (0.45, 1.07) 0.095 0.213
Open surgery 144 140 L] 0.51 (0.40, 0.64) <0.001

Pathological type i

A 187 150 . 0.50 (0.40, 0.62) <0.001 0.693
Mucinous adenocarcinoma 17 14 @ 0.69 (0.34, 1.41) 0.310

il;Lllbular adenocarcinoma 6 4 ' ‘ ....... 4 0.88 (0.25, 3.12) 0.842

Vascular tumor thrombus

No 206 162 . 0.53 (0.43, 0.65) <0.001 0.839

Yes 7 7 t@--- 0.56 (0.19, 1.59) 0.274

Family history

No 200 162 LN 0.54 (0.44, 0.66) <0.001 0.961
Yes 13 7 o1 0.55 (0.22, 1.40) 0212

Ascites |

No 205 161 L 0.53 (0.43, 0.65) <0.001 0.951
Yes 8 5 l@-:-| 0.46 (0.14, 1.52) 0.202

Preoperative intestinal obstruction

No 178 97 LN 0.63 (0.49, 0.81) <0.001 0.892
Yes 35 72 'f_ 0.64 (0.43, 0.96) 0.032

Local spread |

No 159 114 . 0.53 (0.42, 0.68) <0.001 0.005
Yes 43 47 91 1.03 (0.68, 1.56) 0.902

PreOR :

No 211 159 LB 0.55 (0.45, 0.68) <0.001 NA

Yes 2 1 L 1 0.79 (0.07, 8.80) 0.845

PreOC i

No 211 152 L] 0.54 (0.44, 0.66) <0.001 0.255
Yes 2 4 - | 1.61 (0.29, 8.90) 0.588

POC :

No 84 70 LN 0.50 (0.36, 0.69) <0.001 0.386
Yes 129 94 - 0.59 (0.46, 0.78) <0.001

POR i

No 172 141 LN 0.53 (0.43, 0.67) <0.001 0.089
Yes 22 19 L] 0.29 (0.16, 0.54) <0.001

Total i

Total 169 213 LB 0.53 (0.43, 0.65) <0.001

— 1 T T T 1T T T
1 2 3 4 5 6 7 8

Hazard ratio (95% CI)

Figure 3: Subgroup analyses for overall survival in patients with I0C vs. without I0C. The hazard ratio for death and corresponding 95% Cl for each subgroup were estimated from the
unstratified Cox proportional hazards model with treatment as the only covariate. P values were calculated from the Cox model including treatment, subgroup factor, and subgroup factor
x treatment interaction term. Cl: Confidence intervals; I0C: Intra-operative chemotherapy; OS: Overall survival. CRC: Colorectal cancer; HR: Hazard ratio; POC: Post-operative
chemotherapy; POR: Post-operative radiotherapy; PreOC: Pre-operative chemotherapy; PreOR: Pre-operative radiotherapy; TNM: Tumor Node Metastasis; NA: Not available.
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treatment, a small sample size was available for some
analyses. At the same time, only two patients in the IOC
group in this study reported rashes, but they were not
considered IOC-related AEs. The rate of AE was low,
which may be due to the retrospective study with
incomplete data recording. Last, the time of IOC could
not be clearly defined, which is another disadvantage of a
retrospective study.

To summarize, this large-scale retrospective cohort study
found that IOC is an independent influencing factor for
OS of patients with CRC. Intra-operative intravenous
chemotherapy improves the OS of patients with stages II
and III CRC after radical surgery. Moreover, future
prospective, multicenter, large-scale clinical studies are
needed to develop high-quality evidence-based medicine
for patients with CRC.
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