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1. Introduction

Colorectal cancer (CRC) is the world's most common 
tumor of the digestive tract, with more than 550,000 
deaths each year (1,2). The liver is the most frequent 
metastatic site of CRC and liver metastasis of 
colorectal cancer has a worse prognosis. Due to its 
anatomical characteristics, liver metastasis will be 
detected in up to 30-50% of patients as the disease 
progresses (3,4). Surgery plays a dominant role in 
radical therapy (5). However, about a quarter of people 
with CRLM are candidates for radical liver resection 
(6).  For patients with resectable CRLM, NAC 
combined with surgical resection is increasingly being 
advocated and has been proven to prolong patients' 
recurrence-free survival (RFS) (7,8). Although NAC 
is recommended for those who were diagnosed with 
CRLM with a high clinical risk score (CRS) according 
to the guidelines of the Chinese Society of Clinical 

Oncology (CSCO), the National Comprehensive 
Cancer Network (NCCN), and the European Society 
for Medical Oncology (ESMO), a consensus on the 
proper interval between NAC and surgery has yet 
to be reached (9-12). Related studies have analyzed 
the effect of the interval length on efficacy. Sutton 
et al. (13) concluded that intervals longer than 2 
months lead to worse RFS and OS. Chen et al. (14) in 
2020 noted better oncology outcomes with intervals 
of less than 5 weeks. However, adverse effects 
of neoadjuvant chemotherapy (NAC) can worsen 
intraoperative bleeding, such as oxaliplatin-induced 
hepatic sinusoidal dilatation and irinotecan-induced 
fatty liver (15,16). Welsh et al. (17) found that patients 
who had liver resection within 4 weeks of NAC had 
the highest incidence of postoperative complications. 
A long duration of systemic therapy may promote the 
progression of disease. The most appropriate timing 
for surgery needs to be investigated.
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Neoadjuvant chemotherapy (NAC) is generally accepted for treatment of liver metastasis of colorectal 
cancer (CRLM), but what is a reasonable interval between the latest NAC and surgery is still 
unknown. The aim of the current study was to investigate the proper timing of surgery after NAC. 
Subjects were 141 patients with CRLM who underwent NAC and then surgery were retrospectively 
identified from 2008 to 2020. They were divided into a short interval group (SIG, ≤ 4 weeks) and 
long interval group (LIG, > 4 weeks) using the software X-tile. The SIG was subclassified group 
into 3 time periods (1-2 weeks, 2-3 weeks, and 3-4 weeks) to assess the incidence of complications. 
Patients in the SIG were more likely to have significantly better recurrence-free survival (RFS) (3-year 
RFS of 47.4% vs. 20.5%, P = 0.043) and no difference in overall survival (OS) (3-year OS 76.1% vs. 
79.9%, P = 0.635). The postoperative complication rate was 23.5% in the SIG and 14.0% in the LIG 
(P = 0.198). The postoperative complication rate in the 1-2 weeks subgroup was marginally higher 
than that in the > 4 weeks subgroup (35% vs. 14.3% P = 0.055). Multivariate analysis revealed that 
chemotherapy-free intervals of 1-2 weeks were an independent predictor of increased postoperative 
complications (OR = 0.263, 95% CI 0.7-0.985 P = 0.048). Patients who underwent surgery within 
4 weeks of NAC had better RFS. In addition, 1-2 weeks was an independent factor influencing the 
development of more complications. For patients with CRLM, performing surgery within 2-4weeks 
of NAC was feasible and safe, and it did not increase the incidence of postoperative complications 
but it did prolong RFS.
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2. Materials and Methods

2.1. Patient selection

Patients with CRLM who underwent hepatectomy 
after NAC between 2008 and 2020 at Zhejiang 
Cancer Hospital were retrospectively studied. All 
patients were confirmed to be potential candidates 
for resection before receiving NAC. Patients who had 
received preoperative radiotherapy or transcatheter 
arterial chemoembolization (TACE) or who had 
extrahepatic metastases or positive surgical margins 
were excluded. CRLM was verified by pathology and 
immunohistochemistry. The baseline characteristics, 
perioperative data, and NAC regimens were acquired 
from the electronic medical record system of Zhejiang 
Cancer Hospital. In compliance with the declaration of 
Helsinki, this study was conducted with the approval 
of the medical ethics committee of Zhejiang Cancer 
Hospital.
 Surgery was selected for appropriate patients after 
NAC based on tumor resectability and the physical 
condition of the patient. The majority of patients 
underwent less than 6 cycles of NAC in this 3-month 
period. The regimens of NAC consisted of capecitabine, 
5-fluorouracil, oxaliplatin, and irinotecan. Patients who 
received NAC along with bevacizumab all underwent 
surgery after stopping the drug for more than six weeks.

2.2. Procedure

For the patients who underwent liver and colorectal 
resection simultaneously, colon or rectal radical 
resection was performed by the surgeon of the 
department of colorectal surgery. A resection of less  
than 3 Couinaud segments was defined as minor liver 
resection; otherwise, it was defined as major liver 
resection. The low central venous pressure (CVP) 
technique was used to reduce intraoperative bleeding. 
The Pringle maneuver was use to block hepatic inflow, 
which was limited to 15 min, and the interval between 
blocking was more than 5 min. An ultrasonic scalpel 
was used to transect liver parenchyma.

2.3. Definitions

Multiple metastases refer to more than 1 lesion in 
the liver. RFS was defined as the period of time from 
surgery to the first diagnosis of tumor recurrence. OS 
was defined as the duration from surgery to the time 
of death or the last follow-up. The chemotherapy-free 
interval (CFI) was defined as the interval from the end 
of the last NAC to surgery. Postoperative complications 
included bleeding, liver-related complications, and 
infectious complications. Liver-related complications 
included a bile leak, ascites, or postoperative liver 
dysfunction (international normalized ratio (INR) 

elevated more than 1.8-fold the normal upper limit or 
total bilirubin elevated more than 3-fold the normal 
upper limit) (18). A surgical site infection, urinary tract 
infection, or pneumonia were all considered infectious 
complications. The Clavien-Dindo classification was 
used to classify the severity of each postoperative 
complication.

2.4. Data collection and follow-up

The baseline characteristics of the patients included 
their age, sex, comorbidities, carcinoembryonic 
antigen (CEA), the maximum tumor size, and TNM 
stage. Chemotherapy-related variables included NAC 
cycles and targeted therapy. Surgery-related variables 
included the procedure (open or endoscopic), range of 
hepatectomy (minor or major), intraoperative blood 
loss, and operating time. The follow-up cut-off date was 
set at January 31, 2022. Follow-up examinations should 
consist of a serology based on tumor markers, as well as 
contrast-enhanced CT or MRI scans. These evaluations 
should be conducted every 3 months in the first 2 years, 
and then every 6 months for up to 5 years. If recurrence 
is detected, the subsequent treatment can be determined 
based on the effectiveness of preoperative NAC, or 
other treatments such as radiofrequency ablation or 
TACE were available.

2.5. Statistical analysis

The statistical software SPSS (IBM SPSS, version 25.0) 
was used for statistical analysis. Continuous variables 
were expressed as the median and interquartile range 
(IQR), while categorical variables were expressed as 
numbers with percentages. The Mann-Whitney U test 
was used to compare continuous variables between 
groups, while Pearson's chi-squared test was used to 
compare categorical variables. A P value of < 0.05 was 
considered to be significant. An analysis of differences 
in OS and RFS was performed using the Kaplan-Meier 
method. X-tile (Yale University School of Medicine, 
New Haven, Connecticut, USA) (19) was used to 
analyze the survival data to determine the appropriate 
cut-off value for grouping. Logistic regression was 
used for univariate analysis, and multivariate analysis 
was performed with factors with a P value < 0.1 from 
univariate analysis. Multivariate analysis using logistic 
regression included a number of variables, and variables 
with a P < 0.05 were considered independent predictors 
of postoperative complications.

3. Results

3.1. Clinical characteristics

A total of 141 patients with CRLM consisted of 104 
males and 37 females, and the median age was 58.0 

161



www.biosciencetrends.com

BioScience Trends. 2023; 17(2):160-167.BioScience Trends. 2023; 17(2):160-167. 162

Subgroup analysis was performed to determine the 
incidence of postoperative complications in different 
CFI. To further analyze the incidence of complications 
within 4 weeks, the SIG group was divided into three 
subgroups: a CFI of 1-2 weeks, a CFI of 2-3 weeks, 
and a CFI of 3-4 weeks. Doing so allowed investigation 
of the incidence of postoperative complications that 
occurred within a 4-week period in each of these 
subgroups. The clinicopathologic characteristics of 
subclassification are shown in Table 2. There were no 
marked differences in clinicopathologic characteristics 
between subgroups, except for the albumin level, 
chemotherapy regimen, and targeted therapy. In 
addition, there were no significant differences in the 
albumin level and chemotherapy regimen between the 
SIG and LIG.

3.4. Short-term outcomes in subgroups

Intraoperative findings in the 4 groups are shown 
in Table 3. No intraoperative mortality occurred. 
Intraoperative bleeding, the operating time, and the 
duration of postoperative hospitalization did not differ 
significantly among the 4 groups.
 A total of 29 patients developed postoperative 
complications, which occurred in 23 patients (23.5%) 
in the SIG and 6 patients (14.0%) in the LIG (P = 

years (IQR: 50-66). Sixty-five patients (46.1%) had 
primary tumors located in the colon. Forty-five tumors 
were in the left colon and 20 were in the right colon. 
Synchronous liver metastases were diagnosed in 110 
patients (78.0%). Multiple liver metastases were noted 
in 97 patients (68.8%). Oxaliplatin-based regimens were 
used in 103 patients (73.0%). Moreover, 45 patients 
(31.9%) received targeted drugs (22 bevacizumab and 
23 cetuximab) as well. All details are listed in Table 1.

3.2. The best cut-off value for the timing of surgery

X-tile analysis was used to determine the best cut-
off value for CFI based on patients' RFS (Figure 1). 
The optimal point of CFI was4 weeks, which was 
determined to be the best cut-off point for the interval 
for predicting recurrence. Thus, all patients were 
divided into two groups: a short interval group (SIG, 
≤ 4 weeks, n = 98) and a long interval group (LIG, > 4 
weeks, n = 43). The clinicopathologic characteristics are 
summarized in Table S1 (http://www.biosciencetrends.
com/action/getSupplementalData.php?ID=143). 
There were no significant differences between the two 
groups in albumin levels, body mass index (BMI), 
comorbidities, preoperative CEA levels, the diameter of 
metastases, whether liver resection was major or minor, 
or other factors.

3.3. Clinical characteristics of subgroups

Table 1. Baseline characteristics of patients

Items

Patient-related variables
     Age > 60 years
     Male
     BMI > 24
     Comorbidity
     ALB > 40 g/L
     Child-Pugh A classification
Tumor-related variables
     CEA > 3 0ng/mL
     Synchronous liver metastasis
     Colon
     Multiple liver metastasis
     Diameter of metastases > 5 cm
     T3-4
     Node-positive primary tumor
     Poor differentiation
Chemotherapy-related variables
     OX-based regimens
     NAC toxicity
     NAC cycle > 6
     Targeted therapy
Procedure-related variables
     Simultaneous resection
     Major liver resection
     Open surgery

n = 141 (%)

  63 (44.7)
104 (73.8)
  43 (30.5)
  46 (32.6)
109 (77.3)
140 (99.3)

  37 (26.2)
110 (78.0)
  65 (46.1)
  97 (68.8)
  27 (19.1)
134 (95.0)
104 (73.8)
  36 (25.5)

103 (73.0)
  22 (15.6)
  33 (23.4)
  45 (31.9)

  7 (5.0)
  58 (41.1)
  41 (29.1)

BMI: body mass index; ALB: albumin; CEA: carcinoembryonic 
antigen; T3-4: The TNM staging of colorectal cancer primary tumor 
is stage 3 or 4; OX: oxaliplatin; NAC: neoadjuvant chemotherapy.

Figure 1. X-ti le plots of the interval between f inishing 
neoadjuvant chemotherapy and liver resection. X-tile plots show 
log-rank values with cut points, with the data divided into low 
and high groups. (A), The X-axis represents all potential cut-off 
values from low to high that define a low subset, whereas the Y-axis 
represents cut-off values from high to low that define a high subset. 
Red coloration of cut-off values indicates an inverse correlation with 
time to recurrence, and green coloration represents direct associations. 
The optimal cut-off value occurs at the brightest pixel according to a 
chi-square test. (B), A histogram of the entire cohort divided into low 
and high subgroups depending on the optimal cut-off value (4 weeks). 
(C), A Kaplan-Meier plot of RFS produced by the optimal cut-off 
value of CFI. Blue represents the SIG, and gray represents the LIG.

https://www.biosciencetrends.com/supplementaldata/143


www.biosciencetrends.com

BioScience Trends. 2023; 17(2):160-167.BioScience Trends. 2023; 17(2):160-167. 163

0.198). All postoperative complications were mild. No 
mortality was reported within 30 days postoperatively. 
Although the incidence of postoperative complications 
in the CFI of 1-2 weeks group was higher than that in 
the CFI of > 4 weeks group (35% vs. 14.3%, P = 0.055), 
the difference was not significant. The complications 
that occurred are shown in Table 4.

 T h e  a s s o c i a t i o n  b e t w e e n  p o s t o p e r a t i v e 
complications and baseline characteristics is shown in 
Table 5. In univariate analyses, a CFI of 1-2 weeks (P 
= 0.062) and ALB ≤ 40 g/L (P = 0.025) were associated 
with complications. In multivariate analyses, a CFI of 
1-2 weeks (OR = 0.263, 95% CI:2.70-0.985, P = 0.048) 
and ALB > 40 g/L (OR = 0.341, 95% CI:0.124-0.945, 

Table 2. Baseline characteristics in subgroups

Items

Patient-related variables
     Age > 60 years
     Male
     BMI > 24
     Comorbidity
     ALB > 40g/L
     Child-Pugh A classification
Tumor-related variables
     CEA > 30 ng/mL
     Synchronous liver metastasis
     Colon
     Multiple liver metastasis
     Diameter of metastases > 5 cm
     T3-4
     Node-positive primary tumor
     Poor differentiation
Chemotherapy-related variables
     OX-based regimens
     NAC toxicity
     NAC cycle > 6
     Targeted therapy
Procedure-related variables
     Simultaneous resection
     Major liver resection
     Open surgery

BMI: body mass index; ALB: albumin; CEA: carcinoembryonic antigen; T3-4: The TNM staging of colorectal cancer primary tumor is stage 3 or 4; 
OX: oxaliplatin; NAC: neoadjuvant chemotherapy.

1-2 weeks
n = 20 (%)

  5 (25)
12 (60)
  5 (25)
  7 (35)
15 (75)

  20 (100)

  6 (30)
   18 (90.0)

10 (50)
   13 (65.0)

  5 (25)
  20 (100)
   17 (85.0)

  4 (20)

   19 (95.0)
  2 (10)

     5 (25.0)
     5 (25.0)

   1 (5.0)
     7 (35.0)
   16 (80.0)

2-3 weeks
n = 41 (%)

 22 (53.7)
 33 (80.5)
 10 (24.4)
 13 (31.7)
 26 (63.4)
 40 (97.6)

9 (22)
 30 (73.2)
 21 (51.2)
 30 (73.2)
   7 (17.1)
 36 (87.8)
 29 (70.7)
 10 (24.4)

 34 (82.9)
 10 (24.4)
 10 (24.4)
   8 (19.5)

 1 (2.4)
 18 (43.9)
 32 (78.0)

3-4 weeks
n = 36 (%)

 16 (44.4)
 23 (63.9)
 16 (44.4)
 10 (27.8)
 33 (91.7)
36 (100)

 12 (33.3)
 29 (80.6)
 14 (38.9)
 24 (66.7)
   8 (22.2)
 35 (97.2)
 26 (72.2)
   8 (22.2)

 22 (61.1)
 3 (8.3)

   8 (22.2)
   9 (25.0)

   4 (11.1)
 16 (44.4)
 23 (63.9)

> 4weeks
n = 43 (%)

 20 (46.5)
 36 (83.7)
 12 (27.9)
 15 (34.9)
 35 (81.4)
43 (100)

 10 (23.3)
 32 (74.4)
 19 (44.2)
 30 (69.8)
   7 (16.3)
 42 (97.7)
 31 (72.1)
 14 (32.6)

 28 (65.1)
   7 (16.3)
 10 (23.3)
 23 (53.5)

 1 (2.3)
 17 (39.5)
 29 (67.4)

P

0.211
0.072
0.219
0.910
0.025
0.488

0.646
0.444
0.714
0.900
0.802
0.088
0.660
0.645

0.012
0.229
0.994
0.004

0.257
0.887
0.401

Table 3. Short-term outcomes in subgroups

Items

Intraoperative bleeding (mL); median (IQR)
Operating time (min); median (IQR)
Duration of postoperative hospitalization (days); 
median (IQR)

IQR: inter-quartile range

1-2 weeks
(n = 19)

200 (100-400)
152 (104-186)

        8 (6.25-11.75)

2-3 weeks
(n = 40)

  350 (100-575)
       148 (123.25-203)

7 (6-10)

3-4 weeks
(n = 33)

200 (100-400)
   142 (113-231.5)

7 (5-10.5)

> 4 weeks
(n = 41)

  300 (150-400)
  166 (130-202)

8 (6-10)

P

0.453
0.535
0.626

Table 4. Postoperative complications in subgroups

Complications

Overall
Abdominal infection
Surgical site infection
Urinary tract infection
Postoperative bleeding
Bile leak
Hepatic insufficiency
Pleural effusion
Ileus

1-2 weeks
n = 20 (%)

  7 (35.0)
  2 (10.0)
1 (5.0)
0 (0.0)
1 (5.0)
0 (0.0)
0 (0.0)

  3 (15.0)
0 (0.0)

P

0.288

2-3 weeks
n = 41 (%)

  8 (19.5)
4 (9.8)
0 (0.0)
1 (2.4)
2 (4.9)
1 (2.4)
1 (2.4)
0 (0.0)
0 (0.0)

3-4 weeks
n = 36 (%)

    8 (22.2)
  2 (5.6)
  1 (2.8)
  0 (0.0)
  0 (0.0)
  1 (2.8)
  1 (2.8)
  3 (8.3)
0 (0.)

> 4 weeks
n = 42 (%)

  6 (14.3)
1 (2.4)
1 (2.4)
0 (0.0)
3 (7.1)
0 (0.0)
0 (0.0)
2 (4.8)
1 (2.4)



www.biosciencetrends.com

BioScience Trends. 2023; 17(2):160-167.BioScience Trends. 2023; 17(2):160-167. 164

P = 0.038) were definitely independent indicators for 
postoperative complications.

3.5. Survival analysis

Seventy-nine patients (56%) experienced tumor 
recurrence, and 31.2% of patients had died before the 
cut-off time. Median OS was 35 months (IQR:26-55), 
and median RFS was 13 months (IQR:5-26). Patients 
in the SIG were more likely to have significantly 
better RFS (3-year RFS 47.4% vs. 20.5%, P = 0.043) 
(Figure 2A). There were no significant differences in 
RFS among the 4 subgroups (P = 0.103). However, the 
median RFS of patients with a CFI of 3-4 weeks was 
17 months (IQR: 22.35-38.75) vs. 12 months (IQR:4.5-
18.5) for patients with a CFI of > 4 weeks (P = 0.01) 
(Figure 2B). There were no significant differences in 
OS among the 4 subgroups (Figure 2C).

4. Discussion

To the extent known, the proper timing for patients 
with CRLM to undergo hepatectomy after their last 
chemotherapy had never been defined. Published 
guidelines and consensus opinions were consulted for 
this study, but none recommended a proper interval 
between the last NAC and surgery. Two aspects of the 
interval need to be taken into account.
 Initially, anti-cancer drugs can result in varying 
degrees of hepatocellular injuries, such as oxaliplatin-
induced hepatic sinusoidal dilatation and irinotecan-

induced fatty liver (20,21). The primary concern with 
reducing the preoperative CFI was that liver injury 
caused by chemotherapy drugs may affect the surgical 
process and postoperative recovery (including increased 
intraoperative bleeding and a longer operating time) 
(22). However, Takeshi et al. (23) reported that liver 
function will return to normal after more than 2-4 weeks 
following the cessation of chemotherapy. Welsh et al. 
(17) found that patients who had liver resection within 4 
weeks of NAC had the highest incidence of postoperative 
complications. This is consistent with the finding of 
the current study that an increase in postoperative 
complications in patients with a CFI of up to 4 weeks 
mainly occurred in patients with a CFI of up to 2 weeks.
 In addition, NAC was considered to be the 
standard treatment for CRLM before surgery based on 
published studies (24-27). However, a prolonged CFI 
may increase the chances of recurrence and worsen 
prognosis (28). Adam et al. (29) found that disease 
progressed in about 25% of patients during the interval 
between NAC and surgery. Another study found that 
the cohort of patients who underwent resection more 
than 5 weeks after NAC, compared to the group 
that underwent less than 5 weeks after, had a worse 
pathological reaction and worse RFS (30). Thomas et 
al. (13) concluded that surgery within 2 months of NAC 
improved long-term outcomes.
 In the current study, 4 weeks was the appropriate 
cut-off point for the assignment of patients to the 
SIG or LIG by X-tile analysis. In terms of short-
term outcomes, there were no significant differences 

Table 5. Prognostic factors for postoperative complications

Items

interval > 4 weeks
interval of 3-4 weeks
interval of 2-3 weeks
interval of 1-2 weeks
Age > 60 years
Male
BMI > 24
Comorbidity
ALB > 40 g/L
CEA > 30 ng/mL
Synchronous liver metastasis
Colon
Multiple metastasis
Simultaneous resection
Diameter of metastases > 5cm
Major liver resection
T3-4
Node-positive primary tumor
Targeted therapy
Child-Pugh A classification
NAC toxicity
NAC cycle > 6
Poor differentiation
Open surgery

P

0.299
0.827
0.048

0.038

0.094

Univariate OR (95% CI)

ref
0.568 (0.177-1.823)
0.669 (0.210-2.129)
0.301 (0.085-1.062)
1.406 (0.620-3.191)
1.111 (0.430-2.874)
0.663 (0.259-1.695)
0.611 (0.240-1.559)
0.360 (0.147-0.878)
1.077 (0.430-2.697)
2.009 (0.642-6.288)
1.615 (0.710-3.677)
0.663 (0.259-1.695)

  3.087 (0.650-14.645)
1.845 (0.712-4.781)
1.192 (0.523-2.717)

  1.600 (0.185-13.841)
0.501 (0.210-1.194)
1.384 (0.590-3.244)

/
2.639 (0.982-7.093)
1.040 (0.399-2.709)
1.129 (0.450-2.834)
0.591 (0.221-1.582)

Multivariate OR (95% CI)

ref
  0.516 (0.148-1.799)
  1.154 (0.319-4.167)
0.263 (0.70-0.985)

  0.341 (0.124-0.945)

  2.640 (0.849-8.215)

P

0.341
0.496
0.062
0.415
0.827
0.391
0.303
0.025
0.874
0.231
0.253
0.391
0.156
0.208
0.677
0.669
0.119
0.455

/
0.054
0.936
0.796
0.295

BMI: body mass index; ALB: albumin; CEA: carcinoembryonic antigen; T3-4: The TNM staging of colorectal cancer primary tumor is stage 3 or 4; 
OX: oxaliplatin; NAC: neoadjuvant chemotherapy.
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between subgroups, including intraoperative bleeding, 
operating time, and the duration of postoperative 
hospitalization. Outcomes revealed that short intervals 
after NAC did not worsen perioperative data. However, 
the postoperative complication rate in the 1-2 weeks 
subgroup was marginally higher than that in the > 4 
weeks subgroup (35% vs. 14.3% P = 0.055) according 
to subgroup analyses. In addition, 1-2 weeks was an 
independent indicator for postoperative complications 
according to multivariate analyses.
 The current study found that patients in the SIG 
had a better 3-year RFS (47.4% vs. 20.5%, P = 0.043). 
However, the 3-year OS was not correlated with the 
length of the interval (76.1% in the SIG vs. 79.9% in 
the LIG, P = 0.635). Differences between RFS and OS 
might be explained by several factors. To start with, 

recurrence of colorectal cancer after hepatic resection 
was caused by the unique biological characteristics of 
the disease, since liver metastasis will be detected in 
about half of patients as the disease progresses. RFS 
does not intuitively reflect the OS (31,32). Oba et al. 
argued that the time to recurrence of an unresectable 
tumor is strongly associated with the OS (33). The 
OS is a composite endpoint that is heavily affected 
by treatment, whether conservative or surgical (24).  
Although tumor progression leading to patient death 
remains the primary cause of mortality, the prolonging 
of OS has resulted in an increase in non-tumor-related 
deaths. This is also a significant factor affecting 
the differences between the RFS and OS. More 
chemotherapy drugs and targeted drugs are often used 
during the first recurrence in patients electing to undergo 
surgery, and this could have affected the OS. The 
development and use of tumor immune targeted therapy 
has reduced the role of surgery in the patient's prognosis 
and significantly improved OS (34,35).
 This study found that a CFI < 4 weeks is associated 
with better RFS, and 1-2 weeks was an independent 
factor influencing the development of complications. 
Having balanced postoperative complications and 
oncological outcomes, the best interval between NAC 
and surgery was 2-4 weeks. Other studies have also 
indicated that the appropriate timing of surgery after 
NAC improved patient prognosis. Although factors 
such as chemotherapy regimens and targeted drug use 
will affect the interval, the impact of other factors on 
the CFI should be minimized.
 As a single-center retrospective study, the current 
study has several limitations. First, bias with respect to 
the determination of resectability by different doctors 
could not be completely ruled out. All of the current 
patients had resectable CRLM, the toxicity of NAC, 
whether targeted therapy was used or not, and the 
patient's performance status may have influenced the 
timing of surgery. Second, there were differences in the 
choice of chemotherapy regimens in the 2 groups, and 
the decision was generally reached through conversations 
between patients and their doctors. Targeted drugs such 
as bevacizumab need to be stopped for more than 6 
weeks, which is also a factor affecting the operating time. 
Third, this study had a small sample size. Larger samples 
and multicenter randomized controlled trials are needed 
to confirm the current results.

Funding: None.

Conflict of Interest: The authors have no conflicts of 
interest to disclose.

References

1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, 
Jemal A. Global cancer statistics 2018: GLOBOCAN 

Figure 2. (A), Kaplan-Meier survival curve for RFS of the SIG 
and LIG. (B), Kaplan-Meier survival curve for RFS of subgroups. 
(3-4weeks vs. > 4weeks p = 0.01). (C), Kaplan-Meier survival 
curve for OS of subgroups.



www.biosciencetrends.com

BioScience Trends. 2023; 17(2):160-167.BioScience Trends. 2023; 17(2):160-167. 166

estimates of incidence and mortality worldwide for 36 
cancers in 185 countries. CA Cancer J Clin. 2018; 68:394-
424.

2. Dekker E, Tanis PJ, Vleugels JLA, Kasi PM, Wallace MB. 
Colorectal cancer. Lancet. 2019; 394:1467-1480.

3. Tsilimigras DI, Brodt P, Clavien P-A, Muschel RJ, 
D'Angelica MI, Endo I, Parks RW, Doyle M, de 
Santibañes E, Pawlik TM. Liver metastases. Nat Rev Dis 
Primers. 2021; 7:27.

4. Riihimaki M, Hemminki A, Sundquist J, Hemminki K. 
Patterns of metastasis in colon and rectal cancer. Sci Rep. 
2016; 6:29765.

5. Rees M, Tekkis PP, Welsh FK, O'Rourke T, John TG. 
Evaluation of long-term survival after hepatic resection 
for metastatic colorectal cancer: A multifactorial model of 
929 patients. Ann Surg. 2008; 247:125-135.

6. Primrose J, Falk S, Finch-Jones M, et al. Systemic 
chemotherapy with or without cetuximab in patients with 
resectable colorectal liver metastasis: The New EPOC 
randomised controlled trial. The Lancet Oncology. 2014; 
15:601-611.

7. Nordlinger B, Sorbye H, Glimelius B, et al. Perioperative 
chemotherapy with FOLFOX4 and surgery versus surgery 
alone for resectable liver metastases from colorectal 
cancer (EORTC Intergroup trial 40983): A randomised 
controlled trial. The Lancet. 2008; 371:1007-1016.

8. Kanemitsu Y, Shimizu Y, Mizusawa J, et al. Hepatectomy 
followed by mFOLFOX6 versus hepatectomy alone for 
liver-only metastatic colorectal cancer (JCOG0603): A 
phase II or III randomized controlled trial. J Clin Oncol. 
2021; 39:3789-3799.

9. Benson AB, Venook AP, Al-Hawary MM, et al. Colon 
Cancer, Version 2.2021, NCCN Clinical Practice 
Guidelines in Oncology. J Natl Compr Canc Netw. 2021; 
19:329-359.

10. Van Cutsem E, Cervantes A, Adam R, et al. ESMO 
consensus guidelines for the management of patients with 
metastatic colorectal cancer. Ann Oncol. 2016; 27:1386-
1422.

11. Diagnosis, Treatment Guidelines for Colorectal Cancer 
Working Group C. Chinese Society of Clinical Oncology 
(CSCO) diagnosis and treatment guidelines for colorectal 
cancer 2018 (English version). Chin J Cancer Res. 2019; 
31:117-134.

12. Ayez N, van der Stok EP, Grünhagen DJ, Rothbarth J, 
van Meerten E, Eggermont AM, Verhoef C. The use of 
neo-adjuvant chemotherapy in patients with resectable 
colorectal liver metastases: Clinical risk score as possible 
discriminator. Eur J Surg Oncol. 2015; 41:859-867.

13. Sutton TL, Wong LH, Walker BS, Dewey EN, Eil RL, 
Ibewuike U, Chen EY, Rocha FG, Billingsley KG, Mayo 
SC. Surgical timing after preoperative chemotherapy 
is associated with oncologic outcomes in resectable 
colorectal liver metastases. J Surg Oncol. 2022; 125:1260-
1268.

14. Chen EY, Mayo SC, Sutton T, Kearney MR, Kardosh A, 
Vaccaro GM, Billingsley KG, Lopez CD. Effect of time 
to surgery of colorectal liver metastases on survival. J 
Gastrointest Cancer. 2020; 52:169-176.

15. Karoui M, Penna C, Amin-Hashem M, Mitry E, 
Benoist S, Franc B, Rougier P, Nordlinger B. Influence 
of preoperative chemotherapy on the risk of major 
hepatectomy for colorectal liver metastases. Ann Surg. 
2006; 243:1-7.

16. Robinson SM, Wilson CH, Burt AD, Manas DM, White 

SA. Chemotherapy-associated liver injury in patients with 
colorectal liver metastases: A systematic review and meta-
analysis. Ann Surg Oncol. 2012; 19:4287-4299.

17. Welsh FKS, Tilney HS, Tekkis PP, John TG, Rees M. 
Safe liver resection following chemotherapy for colorectal 
metastases is a matter of timing. Br J Cancer. 2007; 
96:1037-1042.

18. Wolf PS, Park JO, Bao F, Allen PJ, DeMatteo RP, Fong Y, 
Jarnagin WR, Kingham TP, Gönen M, Kemeny N, Shia 
J, D'Angelica MI. Preoperative chemotherapy and the 
risk of hepatotoxicity and morbidity after liver resection 
for metastatic colorectal cancer: A single institution 
experience. J Am Coll Surg. 2013; 216:41-49.

19. Camp RL, Dolled-Filhart M, Rimm DL. X-tile: A new 
bio-informatics tool for biomarker assessment and 
outcome-based cut-point optimization. Clin Cancer Res. 
2004; 10:7252-7259.

20. Viganò L, Capussotti L, De Rosa G, De Saussure WO, 
Mentha G, Rubbia-Brandt L. Liver resection for colorectal 
metastases after chemotherapy: Impact of chemotherapy-
related liver injuries, pathological tumor response, and 
micrometastases on long-term survival. Ann Surg. 2013; 
258:731-740; discussion 741-732.

21. Zhao J, van Mierlo KMC, Gómez-Ramírez J, et al. 
Systematic review of the influence of chemotherapy-
associated l iver injury on outcome after partial 
hepatectomy for colorectal liver metastases. Br J Surg. 
2017; 104:990-1002.

22. Vigano L, De Rosa G, Toso C, Andres A, Ferrero A, Roth 
A, Sperti E, Majno P, Rubbia-Brandt L. Reversibility of 
chemotherapy-related liver injury. J Hepatol. 2017; 67:84-
91.

23. Takamoto T, Hashimoto T, Sano K, Maruyama Y, Inoue K, 
Ogata S, Takemura T, Kokudo N, Makuuchi M. Recovery 
of liver function after the cessation of preoperative 
chemotherapy for colorectal liver metastasis. Ann Surg 
Oncol. 2010; 17:2747-2755.

24. Nordlinger B, Sorbye H, Glimelius B, et al. Perioperative 
FOLFOX4 chemotherapy and surgery versus surgery 
alone for resectable liver metastases from colorectal cancer 
(EORTC 40983): Long-term results of a randomised, 
controlled, phase 3 trial. Lancet Oncol. 2013; 14:1208-
1215.

25. Mitry E, Fields AL, Bleiberg H, et al . Adjuvant 
chemotherapy after potentially curative resection of 
metastases from colorectal cancer: A pooled analysis of 
two randomized trials. J Clin Oncol. 2008; 26:4906-4911.

26. Krishnamurthy A, Kankesan J, Wei X, Nanji S, Biagi JJ, 
Booth CM. Chemotherapy delivery for resected colorectal 
cancer liver metastases: Management and outcomes in 
routine clinical practice. Eur J Surg Oncol. 2017; 43:364-
371.

27. Lehmann K, Rickenbacher A, Weber A, Pestalozzi BC, 
Clavien PA. Chemotherapy before liver resection of 
colorectal metastases: Friend or foe? Ann Surg. 2012; 
255:237-247.

28. Kambakamba P, Linecker M, Alvarez FA, Samaras 
P, Reiner CS, Raptis DA, Kron P, de Santibanes 
E, Petrowsky H, Clavien PA, Lesurtel M. Short 
chemotherapy-free interval improves oncological 
outcome in patients undergoing two-stage hepatectomy 
for colorectal liver metastases. Ann Surg Oncol. 2016; 
23:3915-3923.

29. Adam R, Pascal G, Castaing D, Azoulay D, Delvart V, 
Paule B, Levi F, Bismuth H. Tumor progression while 



www.biosciencetrends.com

BioScience Trends. 2023; 17(2):160-167.BioScience Trends. 2023; 17(2):160-167. 167

on chemotherapy: A contraindication to liver resection 
for multiple colorectal metastases? Ann Surg. 2004; 
240:1052-1061; discussion 1061-1054.

30. Chen Q, Mao R, Zhao J, Bi X, Li Z, Huang Z, Zhang 
Y, Zhou J, Zhao H, Cai J. From the completion of 
neoadjuvant chemotherapy to surgery for colorectal 
cancer liver metastasis: What is the optimal timing? 
Cancer Med. 2020; 9:7849-7862.

31. Höppener DJ, Nierop PMH, van Amerongen MJ, Olthof 
PB, Galjart B, van Gulik TM, de Wilt JHW, Grünhagen 
DJ, Rahbari NN, Verhoef C. The disease-free interval 
between resection of primary colorectal malignancy 
and the detection of hepatic metastases predicts disease 
recurrence but not overall survival. Ann Surg Oncol. 
2019; 26:2812-2820.

32. Ecker BL, Lee J, Saadat LV, et al. Recurrence-free 
survival versus overall survival as a primary endpoint 
for studies of resected colorectal liver metastasis: A 
retrospective study and meta-analysis. Lancet Oncol. 
2022; 23:1332-1342.

33. Oba M, Hasegawa K, Matsuyama Y, Shindoh J, Mise Y, 
Aoki T, Sakamoto Y, Sugawara Y, Makuuchi M, Kokudo 
N. Discrepancy between recurrence-free survival and 
overall survival in patients with resectable colorectal liver 
metastases: A potential surrogate endpoint for time to 

surgical failure. Ann Surg Oncol. 2014; 21:1817-1824.
34. Ye LC, Liu TS, Ren L, Wei Y, Zhu DX, Zai SY, Ye QH, 

Yu Y, Xu B, Qin XY, Xu J. Randomized controlled trial 
of cetuximab plus chemotherapy for patients with KRAS 
wild-type unresectable colorectal liver-limited metastases. 
J Clin Oncol. 2013; 31:1931-1938.

35. Hurwitz H, Fehrenbacher L, Novotny W, et al . 
Bevacizumab plus irinotecan, fluorouracil, and leucovorin 
for metastatic colorectal cancer. N Engl J Med. 2004; 
350:2335-2342.

Received October 11, 2022; Revised March 7, 2023; Re-
revised April 8, 2023; Accepted April 18, 2023.

§These authors contributed equally to this work.
*Address correspondence to:
Jia Wu and Yuhua Zhang, Department of Hepatobiliary and 
Pancreatic Surgery, Zhejiang Cancer Hospital, Institute of 
Basic Medicine and Cancer (IBMC) Chinese Academy of 
Sciences, Hangzhou, Zhejiang 310022, China.
E-mail: hpb_wujia@163.com (JW); drzhangyuhua@126.com 
(YZ)

Released online in J-STAGE as advance publication April 22, 
2023.


