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Abstract

Background: Currently, guidelines prohibit the addition of targeted drugs in neoadjuvant
chemotherapy (NAC] for initially resectable colorectal liver metastasis (CRLM).

Objective: Nevertheless, efficacy data of NAC combined with bevacizumab (Bev]) for initially
resectable CRLM with risk factors for recurrence (RFR) are lacking.

Designs: We conducted a multicenter real-world cohort study to retrospectively analyze the
efficacy and feasibility of NAC combined with Bev for CRLM with RFR.

Methods: The patients were divided into the NAC alone group and NAC combined with the
Bev group. We designated progression-free survival (PFS), objective response rate (ORR], and
overall survival (0S) as the outcomes. Kaplan-Meier, Cox proportional hazards regression
models, and subgroup analysis were utilized. RFR was a clinical risk score of 3-5. Subgroup
analysis was applied to explore which subgroup was more suitable for NAC combined with
Bev.

Results: Between 2015 and 2020, this multicenter real-world study encompassed 335 CRLM
patients from six medical centers who underwent curative hepatectomy following NAC. Two
hundred seventeen patients were in the NAC alone group, and 118 received NAC combined
with Bev. The NAC alone group exhibited an ORR of 51.15%, compared to 66.95% in the NAC
combined with Bev (p=0.005). The RO resection rates achieved 91.71% for the NAC alone
group and 94.92% for the NAC combined with Bev (p=0.276). Three-year PFS rate was 27.6%
for NAC alone and 41.5% for the NAC combined with the Bev group (p=0.006). Furthermore,
the 3-year OS was calculated to be 57.0% for the NAC alone and 66.7% for the NAC combined
with Bev patients (p=0.079).

Conclusion: For initially resectable CRLM patients with RFR, NAC combined with Bev
exhibited a higher ORR and longer PFS.

Chinese clinical trial registry: ChiCTR2400082966.

Keywords: bevacizumab, colorectal cancer, liver metastasis, neoadjuvant chemotherapy,
real-world

Received: 19 October 2024; revised manuscript accepted: 3 March 2025.

Ther Adv Med Oncol
2025, Vol. 17: 1-15

DOI: 10.1177/
17588359251328457

© The Authorl(s), 2025.
Article reuse guidelines:
sagepub.com/journals-
permissions

Correspondence to:
Yuhua Zhang
Department of
Hepatobiliary and
Pancreatic Surgery,
Zhejiang Cancer Hospital,
Hangzhou Institute

of Medicine, Chinese
Academy of Sciences,
Hangzhou, Zhejiang
310022, China
drzhangyuhuaf@126.com

Ming Zheng

Fujian Key Laboratory

of Geriatrics Diseases,
Department of Geriatric
Medicine, Fujian Provincial
Center for Geriatrics,
Fujian Provincial Hospital,
Fuzhou University
Affiliated Provincial
Hospital, School of
Medicine, Fuzhou
University, Fuzhou, Fujian
350001, China

Shengli Clinical Medical
College of Fujian Medical
University, Fuzhou, Fujian
350001, China
slzm702@126.com

Yizhen Chen

Yuanyuan Zheng

Fujian Key Laboratory

of Geriatrics Diseases,
Department of Geriatric
Medicine, Fujian Provincial
Center for Geriatrics,
Fujian Provincial Hospital,
Fuzhou University
Affiliated Provincial
Hospital, School of
Medicine, Fuzhou
University, Fuzhou, Fujian,
China

Shengli Clinical Medical
College of Fujian Medical
University, Fuzhou, Fujian,
China

JiaWu

Linwei Xu

Department of

Introduction

The 2024 cancer statistics reveal that colorectal
cancer (CRC) maintains elevated incidence and
mortality rates.! During the entire course of CRC,
nearly half of the patients will develop liver

metastasis.>? Liver metastasis is a major factor
affecting the overall prognosis of CRC.* The pri-
mary objective for colorectal liver metastasis
(CRLM) patients is to extend progression-free
survival (PFS).5:6
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Currently, curative hepatectomy remains the
only approach that can provide the possibility of
cure.” Despite the benefits of curative hepatec-
tomy, the majority of patients will encounter
intrahepatic recurrence or distant metastasis,
which substantially diminishes their survival
duration.?® CRLM patients with risk factors for
recurrence (RFR) (clinical risk score (CRS):
3-5) generally exhibit a worse prognosis.® For
initially resectable CRLM with RFR, the
European Society for Medical Oncology (ESMO)
and the National Comprehensive Cancer
Network (NCCN) recommend neoadjuvant
chemotherapy (NAC).10:11 However, the use of
targeted therapy in NAC for such patients is a
matter of considerable debate.!%-1% The 2017
NCCN guidelines specify that the concurrent
use of targeted therapy, particularly cetuximab
(Cet), is prohibited during NAC for initially
resectable CRLM patients.!> This recommenda-
tion is based on the randomized controlled trial
published in 2014, which showed that combining
NAC with Cet worsened the PFS of initially
resectable CRLM patients.1¢ For initially resect-
able CRLM patients with RFR, the role of
NAC combined with bevacizumab (Bev) remains
unclear.10:11

Bev exerts antitumor effects through the inhibi-
tion of angiogenesis by binding to wvascular
endothelial growth factor.!” The combination
therapy with Bev is widely used in initially unre-
sectable CRLM patients, playing a unique role in
improving the prognosis of advanced CRLM
patients.!820 Based on current evidence, we
designed a multicenter, real-world retrospective
cohort study to explore the efficacy of NAC com-
bined with Bev for resectable CRLM patients
with RFR.

Materials and methods

Grouping and study population

Our multicenter, real-world retrospective study
analyzed the baseline information and prognostic
data of initially resectable CRLM patients with
RFR (CRS >2) who were treated from December
2015 to December 2020 at six medical centers:
Fujian Provincial Hospital, Zhejiang Cancer
Hospital, The First Affiliated Hospital of Fujian
Medical University, Zhejiang Provincial People’s
Hospital, Hangzhou Red Cross Hospital, and
The First Hospital of PuTian City. Prior to treat-
ment, initially resectable CRLM patients with

RFR were assessed by the multidisciplinary team
(MDT). MDT consists of hepatobiliary surgeons,
colorectal surgeons, medical oncologists, and
radiologists. These patients underwent NAC and
curative hepatectomy. According to the guide-
lines, MDT at the six included tertiary care cent-
ers had nearly uniform inclusion criteria (The
procedures and criteria for NAC and surgery
were included). The decision to combine treat-
ment with Bev was made in consultation between
the MDT and the CRLM patients. In brief, the
MDT considered the NAC regimen combined
with Bev for CRLM with RFR (CRS >2). In
addition, the patient’s wishes need to be
considered.

All initially resectable CRLM patients with RFR
were screened according to the following criteria
(Figure 1). Inclusion criteria: (1) Age over
18years; (2) The primary tumor pathologically
confirmed as colorectal adenocarcinoma and had
been radically resected (Resection of the primary
tumor can be performed simultaneously with
hepatectomy or in a two-stage procedure); (3)
Liver metastasis pathologically confirmed as CRC
liver metastases; (4) Liver metastasis deemed
resectable by the MDT prior to NAC; (5) No
prior local treatment before NAC, including radi-
otherapy, and interventional therapy; (6) CRS
score >2points; (7) Intact important organ func-
tions. Exclusion criteria: (1) Preoperative use of
any medication that could interfere with trial
results (including hormones, immunosuppres-
sants, etc.); (2) History of malignancy other than
CRC; (3) Metastases to other parts of the body
other than liver; (4) Important clinical data miss-
ing, including loss to follow-up; (5) Any disease
assessed to affect the trial results. Initially resecta-
ble CRLM patients with RFR patients who met
the inclusion criteria were categorized into the
NAC alone group and the NAC combined with
the Bev group, depending on whether Bev was
combined. To ensure the integrity of the study, we
investigated and appropriately addressed all
issues. The ethics committees at all six participat-
ing medical centers approved this multicenter,
real-world retrospective cohort study. Chinese
Clinical Trial Registry: ChiCTR2400082966.
The reporting of this study conforms to the
STROBE statement?! (Supplemental Material 1).

Comprehensive treatment procedure
Following admission, initially resectable CRLM
patients with RFR underwent individualized
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Screening of CRLM patients
through 6 medical center, 2015 to 2020,
N=2336;

CRLM patients who were initially
resectable, N=1373;

Initially unresectable patients, N=963;

Non-NAC patients, N=425;

CRLM Patients who received NAC
combined with curative hepatectomy,
N=542;

A

CRS <2, N=406;

Severe dysfunction of vital organs, N=56;
The follow-up time was < 6 months, N=49;
Lost to follow-up, N=39;

History of other malignant tumors,

Meet the inclusion criteria, N=335;

! v
1m. NAC with Bev,
NAC alone, N=217; N=118;

N=24;
Underwent any local treatments such as
ablation before NAC,
N=20;
Any diseases that may interfere this trial,
N=19;

Figure 1. Flow chart of CRLM patients receiving NAC combined with curative hepatectomy.
CRLM, colorectal liver metastasis; CRS, clinical risk score; NAC, neoadjuvant chemotherapy.

treatment after discussion by the MDT. Those
who met the inclusion criteria commenced
NAC. The choice of regimen was a joint deci-
sion made by clinicians and patients. The six
medical centers involved in this study employed
commonly utilized NAC protocols: CapeOX,
mFOLFOX6, and FOLFIRI. Imaging assess-
ments were conducted every two cycles during
NAC or whenever the condition of the patient
changed (if disease progressed, the next course
of treatment was determined by the MDT). Bev
was discontinued in the last cycle of NAC to
ensure that the final use was at least 5weeks
prior to surgery.??2 Following the last cycle of
NAC, imaging was needed, and patients whose
liver metastases remained resectable proceeded
to surgical treatment. All surgeries were carried
out by hepatobiliary surgeons with over 10 years
of hepatectomy experience. All liver metastasis,
including those responsive to NAC or newly
developed tumors, were to be resected. The
concurrent use of local treatments such as abla-
tion was not permitted in the treatment
plan. Postoperatively, the MDT made decisions

regarding the use of adjuvant chemotherapy
based on the specific circumstances.

Definitions

For CRLM, PFES is the alternative endpoint of
0S.56 We designated PFS, objective response
rate (ORR), and overall survival (OS) as the out-
comes. PFS is defined as the time from the date
of NAC to the date of disease recurrence, pro-
gression, or death.??> OS is defined as the time
from the date of NAC to the date of death or the
last follow-up.23 Complications were defined in
accordance with the Clavien—Dindo (CD) classi-
fication.?* The CRS encompasses the following
five criteria, with 1 point for each criterion met
(3-5points constituting the high CRS, indicative
of high risk of recurrence): nodal positivity of the
primary tumor; synchronous liver metastasis or
diagnosis of liver metastasis within 12 months of
CRC surgery; more than 1 liver metastases; pre-
operative serum level of carcinoembryonic anti-
gen (CEA) >200ug/L; and the largest diameter
of liver metastasis >5cm.1%25 Resectability was
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determined by MDT, ensuring that all liver
metastasis could be completely resected with an
RO margin and that sufficient functional liver tis-
sue remained.!%?%26 The MDT assessed the
effectiveness of NAC (Using CT and MRI) in
accordance with RECIST 1.1 criteria.?’” The
group that received only NAC was defined as the
NAC alone group, whereas the group that com-
bined NAC with Bev was defined as the NAC
combined with Bev group. RO resection implied
the removal of both the CRC and liver metastasis
with all detectable tumor masses on imaging and
intraoperative exploration being completely
resected. General complications included fever,
postoperative bleeding, and wound infection.

Follow-up

The six medical centers required patients to
undergo disease monitoring every 3 months post-
surgery. Tumor markers (CEA, etc.), CT, and
endoscopy were collected during the follow-up
period. For initially resectable CRLM patients
with RFR who showed no tumor progression or
distant metastasis within 2years, the follow-up
interval was extended to once every 6 months. For
those who remained free of progression or distant
metastasis for over 5years, the follow-up was
adjusted to once per year.?3 If any indication of a
new tumor was detected during postoperative fol-
low-up examinations, hospitalization for further
treatment was necessary. In the event of metasta-
sis or recurrence, the treatment plan needed to be
discussed by the MDT, considering options such
as surgery, chemotherapy, or local treatment.

Statistical analysis

All data were compiled and subjected to statisti-
cal analysis. When continuous variables fulfill the
assumptions of normal distribution and variance
homogeneity, Student’s t-test was used to analyze
the results (expressed as mean * standard devia-
tion). Using continuiry correction or Pearson’s chi-
square test to analyze categorical variables. The
1-year and 3-year PFS and OS were assessed by
the Kaplan—Meier survival curves. The relation-
ship of clinical variables with PFS and OS was
evaluated using Cox proportional hazards multi-
variable regression.?3 Further subgroup analysis
was conducted to identify which patients would
most likely benefit from NAC combined with
Bev. The data of this study were analyzed using
SPSS (version 26, SPSS Inc., Chicago, IL, USA).
p<0.05 was considered statistically significant.

Results

Clinicopathological characteristics

From December 2015 to December 2020, 335
initially resectable CRLM patients with RFR
were recruited from six medical centers (217
CRLM patients were in the NAC alone group
and 118 CRLM patients were in the NAC com-
bined with Bev group). Specifically, the contribu-
tions from Fujian Provincial Hospital, Zhejiang
Cancer Hospital, The First Affiliated Hospital of
Fujian Medical University, Zhejiang Provincial
People’s Hospital, Hangzhou Red Cross Hospital,
and The First Hospital of PuTian City were 118,
41, 88, 39, 33, and 16 cases, respectively. General
clinical data of the initially resectable CRLM
patients with RFR are available in Table 1. The
decision to combine treatment with Bev was
made in consultation between the MDT and the
CRLM patients. In brief, the MDT considered
the NAC regimen combined with Bev for CRLM
with RFR (CRS >2). In addition, the patient’s
wishes need to be considered. In the NAC alone
group, there were 106 patients under 60years
(48.85%), while in the combined Bev group,
there were 58 patients (49.15%). The baseline
characteristics of both groups showed no signifi-
cant deviation (p>0.05). All patients completed
NAC with curative hepatectomy.

Chemotherapy and pathological information

Information related to NAC and postoperative
pathology can be found in Table 2. All initially
resectable CRLM patients with RFR completed at
least two cycles of NAC. The NAC alone group
and the NAC combined with the Bev group used
an average of 4.46 +1.22 and 4.57 £ 1.24 cycles
of NAC before surgery, respectively (p>0.05). In
the NAC alone group, 72.81% (158/217) of
patients used the XELOX regimen, 19.82%
(43/217) used the FOLFOX regimen, and 7.37%
(16/217) used the FOLFIRI regimen. In the NAC
combined with the Bev group, 76.27% (90/118)
used XELOX, 18.64% (22/118) used FOLFOX,
and 5.08% (6/129) used FOLFIRI (p>0.05).
The ORR of NAC combined with the Bev group
was 1.31 times that of the NAC alone group
(66.95% vs 51.15%, p=0.005). RO rates achieved
by the NAC alone group and the NAC combined
with the Bev group were 91.71% (199/217) and
94.92%  (112/118), respectively (p>0.05).
84.33% (183/217) of the NAC alone group and
79.66% (94/118) of the NAC combined with the
Bev group received postoperative chemotherapy

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam

Y Chen, Y Zheng et al.

Table 1. Baseline characteristics of the included CRLM patients.

Variables NAC alone NAC combined with Bev p?
N 217 118
Age (years)

<60/>60 106/111 58/60 0.958
Gender

Female/Male 103/114 61/57 0.459
ASA

(=171 118/99 66/52 0.785
Location of primary cancer

Rectum/Colon 109/108 60/58 0.914
Location of colon cancer

Left-sided/Right-sided 49/59 25/33 0.779
T stage of primary tumor

T1-T2/T3-T4 39/178 19/99 0.666
LN metastasis of primary tumor

NO/N+ 28/189 14/104 0.784
Timing of metastasis

Metachronous/synchronous 64/153 32/86 0.646
CEA at diagnosis, ng/mL

<200/>200 99/118 55/63 0.862
Number of liver metastases

=1/=2 70/147 36/82 0.742
Largest diameter (cm)

<5/=5 73/144 37/81 0.671

aPearson’s y?2 test was used to analyze the basic characteristics.
ASA, American Society of Anesthesiologists; Bev, bevacizumab; CEA, carcinoembryonic antigen; CRLM, colorectal liver
metastasis; LN, lymph node; NAC, neoadjuvant chemotherapy.

(»p>0.05). The NAC alone group and the NAC
combined with the Bev group used an average of
4.49 +1.30 and 4.33 + 1.28 cycles of postopera-
tive chemotherapy, respectively (p > 0.05).

Perioperative information
Information related to operative details can be
found in Table 3. In the NAC alone group,

11.98% (26/217) of patients underwent synchro-
nous CRC curative surgery combined with cura-
tive hepatectomy, compared with 10.17%
(12/118) in the combined Bev group (p>0.05).
No significant variance was observed in terms of
operation duration, blood loss during the opera-
tion, and length of hospital stay (LLOS) between
the group receiving NAC alone and the group
treated with combined Bev. Postoperative

journals.sagepub.com/home/tam
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Table 2. Chemotherapy and pathological outcomes of CRLM patients.

Variables NAC NAC combined with Bev p?
N 217 118
NAC regimen

CapeOX 158 90 0.675

mFOLFOX6 43 22

FOLFIRI 16 6

NAC cycles bbb *1.22 4.57+1.24 0.445
=3 grade AEs (%) 17.05% 19.49% 0.578
Response to NAC

CR+PR/SD+PD 111/106 79/39 0.005
Resection status

RO/R1+ R2 199/18 112/6 0.276
Postoperative chemotherapy

Yes/No 183/34 94/24 0.280
Postoperative chemotherapy cycles 4.49+1.30 4.33+1.28 0.325

aPearson’s 2 test and Student’s t-test were used to analyze.

AEs, adverse event; Bev, bevacizumab; CR, complete response; CRLM, colorectal liver metastasis; NAC, neoadjuvant
chemotherapy; PD, progressive disease; PR, partial response; SD, stable disease.

complications occurred in 45 patients (20.74%)
in the NAC alone group and 21 patients (17.8%)
in the NAC combined with Bev. No significant
variance was observed between the two groups in
liver complications, gastrointestinal complica-
tions, respiratory complications, general compli-
cations, and major complications (Clavien III-V)
(p>0.05). There were no in-hospital or within
30-day postoperative deaths in either group.

Survival analysis

As of January 2024, the median follow-up time
of the 335 resectable CRLM patients with RFR
was 35.0 (28.0, 44.0) months. The median PFS
was 27.0 (17.0, 37.0) months for the NAC
alone and 31.0 (21.0, 40.0) months for the
NAC combined with Bev. The NAC combined
with Bev had a significantly longer PFS than
the NAC alone (log-rank; p=0.006) (Figure
2(a)). The 1-year PFS rate was 86.6% for the
NAC alone and 93.2% for the NAC combined
with Bev (p=0.066). The 3-year PFS were
27.6% for the NAC alone and 41.5% for the

NAC combined with Bev (p=0.006). Cox mul-
tivariable regression analysis included factors
that whether Bev was combined or not, gender,
age, primary tumor location, ASA, T stage, N
stage, CEA at diagnosis, timing of metastasis,
number of liver metastases, size of largest
lesion, response to NAC, resection status, post-
operation complications, and postoperative
chemotherapy. Cox multivariable regression
analysis found that better PFS was indepen-
dently associated with NAC combined with Bev
(hazard ratio (HR)=1.324; 95% confidence
interval (CI): 1.048-1.673; p=0.019) and the
higher ORR (HR=1.299; 95% CI. 1.014-
1.663; p=0.038) (Table 4).

The median OS was 33.0 (26.0, 39.0) months for
the NAC alone and 38.0 (29.8, 49.0) for the
NAC combined with the Bev group. There was
no significant difference in OS between the NAC
combined with the Bev group and the NAC alone
group (log-rank; p=0.075; Figure 2(b)). The
l-year OS was 98.6% for the NAC alone and
99.2% for the NAC combined with Bev

journals.sagepub.com/home/tam
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Table 3. Perioperative outcomes of CRLM patients.

Variables NAC NAC combined with Bev p?

N 217 118

Simultaneous resection of CRC and liver 26 (11.98) 12 (10.17) 0.617
metastasis; N (%)

Operative time (min) 127.90 +29.71 123.53 +32.31 0.213
Intraoperative blood loss (mL) 24017 +72.26 234.45 +72.06 0.489
LOS (days) 4.73+1.12 4.58+1.11 0.222
Postoperative mortality in 30 days; N (%) 0 (0.00) 0(0.00)

Postoperative complications; N (%)® 45 (20.74) 21 (17.80) 0.518
General complications; N (%) 10 (4.60) 5 (4.24) 0.875
Hepatic complications; N (%) 10 (4.60) 5 (4.24) 0.875
Respiratory complications; N (%) 9 (4.15) 6 (5.08) 0.692
Gastrointestinal complications; N (%) 16 (7.37) 5 (4.24) 0.258
Major complications (Clavien l1I-V]; N (%) 9 (4.15) 3(2.54) 0.655

aContinuity correction, Pearson’s %2 test, or Student’s t-test were used to analyze the basic characteristics.

bAccording to the Clavien-Dindo classification.

Bev, bevacizumab; CRC, colorectal cancer; CRLM, colorectal liver metastasis; LOS, length of hospital stay; NAC,

neoadjuvant chemotherapy.

(a) (b)
1007 — NAC alone 101 — NAC alone
— NAC combin — NAC combined with Bev
0.75 1 081
n @« 0.6
<
A 0.50 ©
1
0.4 1—1_‘1__
0.25 4 LH—L ]
Log-rank P = 0.006 = 0.2 4 Log-rank P =0.075 I
T T T T T T T
0 20 40 0 20 40 60
Time (months) Time (months)
NAC alone 217 155 34 NAC alone 217 193 51 9
NAC combined with Bev 118 97 32 NAC combined with Bev 118 113 52 15

Figure 2. Kaplan-Meier survival curve of PFS and 0S. (a) PFS, and (b) 0S.

0S, overall survival; PFS, progression-free survival.

(p=1.000). The 3-year OS was 57.0% for the
NAC alone and 66.7% for the NAC combined
with Bev (p=0.079). Cox multivariable regres-
sion analysis revealed no statistical significance
between better OS and NAC combined with Bev
(»p=0.098; Table 5).

Subgroup analysis
Subgroup analysis was conducted to identify
which patients would most likely benefit from
NAC combined with Bev. Our forest plot reaf-
firmed previous results (Figures 3 and 4). In vari-
ous subgroups, NAC combined with Bev still
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Table 4. Analysis of prognostic factors associated with PFS.

Prognostic factor2 n Multivariable
HR (95% CI) p

Group

NAC combined with Bev 118 1.324 (1.048-1.673) 0.019

NAC alone 217
Response to NAC

CR+PR 190

PD +SD 145 1.299 (1.014-1.663) 0.038

aCox univariate analysis included group (NAC combined with Bev), Gender, Age (years), Primary tumor, ASA, T stage of
primary tumor, LN metastasis, CEA at diagnosis (ng/mL), Timing of metastasis, Number of liver metastases, Size of
largest lesion (cm), Response to NAC, Resection status, Post-operation complications, and Postoperative chemotherapy.
Variables with a significance level of p<0.1 in univariate analysis will be included in the multivariable analysis.

Bev, bevacizumab; CR, complete response; HR, hazard ratio; NAC, neoadjuvant chemotherapy; PD, progressive disease;
PFS, progression-free survival; PR, partial response; SD, stable disease.

Table 5. Analysis of prognostic factors associated with OS.

Prognostic factor2 n Multivariable
HR (95% Cl) p

Group

NAC combined with Bev 118

NAC alone 217 1.288 (0.955-1.737) 0.098
ASA

[l 184

1 151 1.254 (0.940-1.674) 0.124
T stage of primary tumor

T1/T2 58

T3/T4 277 1.350 (0.900-2.026) 0.147

aCox univariate analysis included group (NAC combined with Bev), Gender, Age (years), Primary tumor, ASA, T stage of
primary tumor, LN metastasis, CEA at diagnosis (ng/mL), Timing of metastasis, Number of liver metastases, Size of
largest lesion (cm), Response to NAC, Resection status, Post-operation complications, and Postoperative chemotherapy.
Variables with a significance level of p<0.1 in univariate analysis will be included in the multivariable analysis.

ASA, American Society of Anesthesiologists; Bev, bevacizumab; HR, hazard ratio; NAC, neoadjuvant chemotherapy; 0S,
overall survival.

demonstrated superiority over NAC alone in
terms of PFS (Figure 3). Interestingly, the advan-
tage of NAC combined with Bev in PFS was par-
ticularly pronounced in certain populations, such
as those aged <60years, males, primary colon
cancer, T stage (I-II), lymph node metastasis

from CRC, synchronous liver metastases, a single
liver metastasis, and the largest liver metastasis
diameter being =5 cm. Regarding OS, the bene-
fits of NAC combined with Bev were especially
significant in males with primary colon cancer
and those with an ASA score of I-II.
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Characteristics TotalN) HR (95% CI) P value
Gender :
Female 164 1.255(0.895-1.760) we— 0.188
Male 171 1.560 (1.103-2.208) R 0.012
Age (years) '
<60 164 1.663 (1.164-2.376) 1—e— 0.005
>60 171 1.163 (0.835-1.619) re— 0.371
Primary tumor !
Rectum 169 1.301(0.931-1.819) te— 0.123
Colon 166 1.489 (1.050-2.110) +o— 0.025
ASA |
I-1I1 184 1.580 (1.141-2.188) 1—e— 0.006
I 151 1.172 (0.817-1.680) =e— 0.388
T-stage of primary tumor 1
T1/T2 58 2.252(1.201-4.222) \—e— 0.011
T3/T4 277 1.279 (0.985-1.662) e~ 0.065
LN metastasis !
No 42 1.252(0.522-3.003 y—o—— 0.614
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CEA at diagnosis (ng/mL) |
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Timing of metastasis 1
Metachronous 96 1.172(0.745-1.842) +le— 0.493
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Number of liver metastases :
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Figure 3. Forest plot evaluating the impact of NAC combined with curative hepatectomy on PFS.
CEA, carcinoembryonic antigen; LN, lymph node; NAC, neoadjuvant chemotherapy; PFS, progression-free survival.

Discussion

This is the first large-sample, multicenter, real-
world cohort study comparing the effects of NAC
combined with Bev for resectable CRLM patients
with RFR. Surprisingly, the comprehensive statis-
tical results of this study revealed that for resect-
able CRLM patients with RFR, NAC combined
with Bev significantly improved PFS and ORR.
NAC combined with Bev also exhibited a poten-
tial trend toward improvement in OS. As for the
concern of increased postoperative complications
associated with curative hepatectomy, NAC com-
bined with Bev did not result in an increase. Cox
regression and subgroup analysis further vali-
dated our findings.

Maximizing the survival span of CRLM patients
with RFR stands as a focal point of contemporary
research efforts. Administering NAC prior to
curative hepatectomy in CRLM patients affords
multiple benefits.282° Currently, guidelines
including ESMO, NCCN, and the Chinese

Society of Clinical Oncology recommend that
resectable CRLM patients with RFR (CRS >2)
receive NAC prior to curative hepatec-
tomy.12:15:26,30,31 - However, the prognosis for
CRLM patients with RFR remains pessimistic.
Targeted drugs have become standard in combi-
nation therapy for conversion and palliative treat-
ment of CRLLM.12:13,25,26,30-32 Nevertheless, there
is controversy regarding the combination of tar-
geted drugs with NAC in resectable
CRLM.12:13,15,25,26 Currently, clinical studies on
NAC combined with Bev for resectable CRLM
are limited, with only some prospective single-
arm trials suggesting a good pathological
response.333¢ The 2017 NCCN guidelines pro-
hibit the addition of targeted therapies during
NAC for initially resectable CRLM patients,!>
which has led to few cases of NAC combined with
Bev. We increased the sample size by including
more medical centers. In addition, considering
the cost-effectiveness and ethical issues associ-
ated with prospective randomized trials, we
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Characteristics Total(N) HR (95% CI) P value
Gender :
Female 164 1.077 (0.697-1.666) - 0.738
Male 171 1.569 (1.038-2.371) ro— 0.033
Age (years) i
<60 164 1.310 (0.847-2.028) e~ 0.225
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Primary tumor !
Rectum 169 1.089 (0.713-1.662) - 0.693
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111 151 1.019 (0.663-1.567) - 0.93
T-stage of primary tumor 1
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LN metastasis !
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>200 181 1.113 (0.751-1.648) %~ 0.594
Timing of metastasis 1
Metachronous 96 1.145 (0.665-1.972) Ho— 0.625
Synchronous 239 1.382(0.965-1.981) ye~ 0.078
Number of liver metastases :
<2 106 1.196 (0.705-2.029) -p— 0.506
>2 229 1.378 (0.958-1.982) fo- 0.084
Size of largest lesion (cm) i
<5 110 1.107 (0.638-1.921) e~ 0.718
>5 225 1.420(0.994-2.028) :w-: 0.054
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Figure 4. Forest plot evaluating the impact of NAC combined with curative hepatectomy on OS.
CEA, carcinoembryonic antigen; LN, lymph node; NAC, neoadjuvant chemotherapy; 0S, overall survival.

designed this multicenter, real-world cohort study
to explore this controversial and highly debated
topic.?>

The safety of NAC combined with Bev is funda-
mental to advancing the application of Bev in
resectable CRLM. Surgeons are concerned about
the impact of combining Bev on postoperative
safety. Adverse events associated with chemo-
therapy combined with Bev have been previously
discussed,?® which was consistent with our find-
ings. Our research found that NAC combined
with Bev did not increase the probability of any
postoperative complications. The safety of Bev in
post-hepatectomy has been preliminarily con-
firmed, the result was also validated in a retro-
spective study in 2014.37 Compared to NAC
alone, no significant difference was observed in
the overall complication of NAC combined with
Bev (p=0.673).37 Although not statistically sig-
nificant, the postoperative complications and
LOS in the NAC alone group were slightly higher

than in the NAC combined with the Bev group.3”
This finding may be attributed to Bev’s capacity
to alleviate sinusoidal obstruction syndrome
(SOS) induced by oxaliplatin.383° A combination
of 18 studies involving 2430 CRLM patients con-
firmed that chemotherapy regimens combined
with Bev reduced the incidence of SOS and post-
operative liver failure.?® However, the specific
mechanisms by which Bev reduces SOS need fur-
ther study. In addition, Bev can cause bleeding
and poor healing of liver surgical surfaces.?®
These complications did not occur in our study,
and we believe that discontinuing Bev in the last
cycle of chemotherapy can essentially avoid the
potential for bleeding and poor healing. Bev can
be safely given prior to hepatectomy in initially
resectable CRLM patients with RFR. This neces-
sitates further validation of the combined regimen
on a large-sample scale.

The pathological response of NAC serves as a
potent predictor of long-term prognosis after
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surgery for CRLM patients.4%4! The multivaria-
ble analysis of 305 CRLM patients who received
NAC followed by surgical resection suggested
that pathological response (p=0.034) is an inde-
pendent predictor of survival.4#0 OQur multivaria-
ble analysis also supports the correlation between
ORR and better PFS. Pathological response rep-
resents a new endpoint of prognostication post-
hepatectomy for CRLM. Our study revealed
that NAC combined with Bev achieved a higher
ORR, which is a result that aligns with our
expectations. The first single-arm phase II trial
on NAC combined with Bev for resectable
CRLM indicated a favorable pathological
response (66.7%).3* A retrospective study in
2014 employing FOLFOX combined with Bev
for resectable CRLM patients also achieved an
ORR of 66.7%,3” which aligns with the results of
our study. Furthermore, a prospective database
analysis of 458 patients who underwent hepatec-
tomy following preoperative chemotherapy
indicated that the combination with Bev was
independently associated with pathological
response.*? These findings support the use of
Bev in resectable CRLM patients with RFR
(CRS >2).

For initially resectable CRLM patients with RFR
(CRS >2), the ultimate goal of NAC is to
improve PFS and OS. The final outcomes of this
study are encouraging. NAC combined with Bev
compared to NAC alone showed a clear advan-
tage in PFS and a potential OS benefit for ini-
tially resectable CRLM patients with RFR.
Multivariable and subgroup analyses further
confirm the role of NAC combined with Bev in
extending PFS in initially resectable CRLM
patients with RFR. Although there was no statis-
tical difference in OS, there still appears to be a
potential protective effect of combined Bev on
OS. There are several possible explanations for
better PFS prognostic advantages of NAC com-
bined with Bev in initially resectable CRLM
patients with RFR: (1) Combined Bev achieves
higher ORR; (2) NAC combined with Bev may
better eliminate local and distant micro-metasta-
ses, thereby improving PFS; (3) CRLM patients
with RFR experience high postoperative relapse
rates and poor prognosis. They are more likely to
benefit from combined Bev therapy; (4) NAC
combined with Bev can reduce complications
such as SOS associated with oxaliplatin.*? Lower
postoperative complications are related to better
survival prognosis.4* The 2016 ESMO guidelines
consider the combination with Bev in selected

patients.2% The existing study on NAC combined
with Bev for the prognosis of initially resectable
CRLM is a retrospective study in 2014.37 A ret-
rospective cohort study included 501 CRLM
patients, comparing those who received
FOLFOX chemotherapy alone with those com-
bined with Bev, and suggested that NAC com-
bined with Bev did not improve the 3-year OS
and PFS.37 However, in that study, about one-
quarter of CRLM patients were initially unre-
sectable.3” Moreover, there were significant
baseline differences between the two groups in
that 2014 study.3” In contrast to that 2014 study,
the two groups in our study had balanced base-
lines, and the target population was initially
resectable CRLM patients with RFR. The fact
that NAC combined with Bev only showed ben-
efits in terms of PFS, and not a significant
increase in OS, might be attributable to the vari-
ance in treatment choices after recurrence. This
needs to be further validated in future studies.

Personalized treatment is of great significance for
initially resectable CRLM with RFR. Subgroup
analysis in this study demonstrated that NAC
combined with Bev exhibits significant efficacy in
specific patients, including those with primary
colon cancer, male, synchronous liver metastases,
single liver metastases, and tumor diameters
>5cm. These characteristics may be associated
with the clinical efficacy of this treatment strat-
egy. Biological differences between colon and rec-
tal cancers influence therapeutic responses, with
patients having colon cancer liver metastases
more likely to benefit from antiangiogenic ther-
apy, potentially due to their greater dependence
on angiogenesis.*> Gender differences in responses
to anticancer therapy have also garnered atten-
tion. Some studies suggest that male patients
exhibit a more pronounced response to anti-angi-
ogenic therapy than females, possibly related to
the regulatory effects of sex hormones on angio-
genesis.*® In addition, CRLM patients with syn-
chronous liver metastases and tumor diameters
>5cm often exhibit greater tumor burden and
more rapid metastatic progression, necessitating
antiangiogenic therapy to inhibit disease progres-
sion. For patients with single liver metastases, the
mechanisms underlying the superior efficacy of
NAC combined with Bev require further investi-
gation. It is evident that NAC combined with Bev
provides promising efficacy in certain CRLM
subgroups, and these subgroup characteristics
may serve as references for clinical treatment
strategy selection. However, further studies are
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required to validate the predictive value of these
features in guiding CRLM treatment.

These findings have practical clinical significance
for initially resectable CRLM patients with RFR.
Nonetheless, our study has certain limitations.
First, the results are based on a small and specific
patient population from six medical centers,
which may limit the generalizability of the find-
ings to broader, more diverse populations.
Second, the study did not include patients whose
tumors progressed to unresectability or those who
achieved complete remission without hepatec-
tomy. Lastly, the mutational status (including
RAS, RAF, and MMR) is an important target for
assessing the prognosis of CRLM patients.4” Due
to the retrospective nature of the study, the KRAS
mutation status was not recorded in the cases.
These issues need to be addressed by further mul-
ticenter, large-sample, and prospective rand-
omized trials.

Conclusion

This large-scale, multicenter, real-world cohort
study has yielded promising results. NAC com-
bined with Bev is safe and controllable, providing
better pathological remission, and is associated
with better PFS. Large-sample prospective stud-
ies are needed to further validate the safety and
feasibility of NAC combined with Bev for initially
resectable CRLM patients with RFR.
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