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Abstract 

Peri-operative chemotherapy has been proposed to improve the survival of patients with 
colorectal cancer hepatic metastases (CRCHM). However, the role of the adjuvant chemotherapy 
post-metastasectomy for CRCHM patients who have undergone pre-operative chemotherapy is 
still undetermined. We retrospectively analyzed the role of adjuvant chemotherapy 
post-metastasectomy on relapse-free survival (RFS) and overall survival (OS) in 163 CRCHM 
patients who received pre-operative chemotherapy using a Kaplan-Meier curve and 
univariate/multiple Cox model. Ten patients with rapidly progressing disease were further 
excluded in a sensitivity analysis. Seven risk factors (metachronous/synchronous metastases, 
differentiated grade of the primary tumor, number of metastases, size of the max metastasis, 
duration of pre-operative chemotherapy, radiologic response and pathologic regression) were 
used to stratify patients and investigate the beneficial features of adjuvant chemotherapy 
post-metastasectomy. The results indicated that adjuvant chemotherapy post-metastasectomy 
prolonged both RFS (median RFS: 3.3 vs. 10.2 m, P = 0.002) and OS (median OS: 28.1 vs. 40.7 m, P 
= 0.005) in CRCHM patients who received pre-operative chemotherapy. After adjusting for other 
risk factors in a multiple Cox model, the adjuvant chemotherapy group was estimated to have a 
54.0 % relapse-free survival (hazard ratio (HR) = 0.46, 95 % confidence interval (CI) 0.31 - 0.69, P 
< 0.001) and a 55.0 % overall survival (HR [95 % CI]: 0.45 [0.26 - 0.78], P = 0.005) advantage 
compared to patients without adjuvant chemotherapy. Additionally, the benefit of adjuvant 
chemotherapy post-liver resection remained in sensitivity analysis. After the risk stratification, 
patients with synchronous metastases, poor differentiation, ≥ 3 metastases per patient, size of the 
maximum metastasis >3 cm, a short duration of pre-operative chemotherapy, radiologic response 
and poor pathologic regression seem to benefit more from adjuvant chemotherapy. To sum up, 
adjuvant chemotherapy post-metastasectomy might be considered for CRCHM patients who have 
received preoperative chemotherapy, especially for those with high-risk factors. 
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Background 
Colorectal cancer (CRC) is the third most 

common malignancy worldwide, accounting for 8 % 
of new cancer cases in both men and women [1]. Liver 
is the most frequent site of CRC metastases, with an 
incidence of 25 % at the initial diagnosis and 40 – 45 % 
after the primary resection within two years [2-4]. 
When the metastatic disease is isolated to the liver, 
surgery resection is recommended as the most 
effective therapy, and it has a 5-year survival rate of 
25 - 50 % [5-7]. However, only 15 – 20 % of patients 
with colorectal cancer hepatic metastases (CRCHM) 
received radical surgery at the initial diagnosis [8]. 
Even after the liver surgery, approximately two thirds 
of the patients relapse within the first 18 months, with 
the most frequent recurrence in the residual liver 
[9-12]. 

Pre-operative chemotherapy has been shown not 
only to convert the initially unresectable disease to 
resectable but also to improve the complete resection 
rate, facilitate hepatectomy, test the 
chemoresponsiveness, and increase disease free 
survival for resectable CRCHM [13-15]. However, the 
regimen-specific hepatic toxicity induced by 
chemotherapy cannot be ignored, which not only 
increases the risk of peri-operative mortality but also 
prolongs post-operative recovery and impairs quality 
of life. Therefore, the current view is that the 
metastasectomy should follow the pre-operative 
chemotherapy by 2 - 3 months or should occur 
immediately when the metastases become resectable. 
After a radical resection, a physician is always in a 
dilemma about whether to continue to give the 
patient adjuvant chemotherapy. To our knowledge, 
there were no reports about the value of adjuvant 
chemotherapy in patients who had received 
preoperative chemotherapy. 

The present study aimed to investigate the role 
of adjuvant chemotherapy post-metastasectomy in 
patients who received preoperative chemotherapy 
and to explore the potential beneficial factors by 
stratifying patients on several risks of recurrence. 

Methods 
Patients 

Consecutive metastatic colorectal cancer 
patients, who underwent liver metastasectomy, were 
recruited between June 2002 and December 2015, at 
Sun Yat-sen University Cancer Center, China. 
Eligibility criteria included (a) pathologically and 
radiology confirmed CRCHM, (b) underwent 
fluoropyrimidine-based preoperative chemotherapy, 
(c) followed by liver metastasis resection with 

curative intent, (d) without extrahepatic metastases, 
and (e) adequate clinicopathological information and 
tumor tissue for analysis. Exclusion criteria were (a) 
incomplete surgery (R2 resection) and (b) disease 
progression during the pre-operative chemotherapy 
and having a regimen alteration after the liver 
metastasis resection.  

Treatment protocol 
CRC patients with liver metastases received 

preoperative fluoropyrimidine-based chemotherapy 
as determined by the physicians at Sun Yat-sen 
University Cancer Center. The fluoropyrimidine- 
based regimens included CAPEOX (oxaliplatin and 
capecitabine, 3-week intervals), XELIRI (irinotecan 
and capecitabine, 3-week intervals), FOLFOX 
(oxaliplatin, fluorouracil [FU] and Leucovorin [LV], 
2-week intervals), FOLFIRI (irinotecan, FU and LV, 
2-week intervals), FOLFOXIRI (oxaliplatin, irinotecan, 
FU and LV, 2-week intervals), capecitabine single 
agents (2-week intervals), FU/LV (2-week intervals) 
and the regimens above combined with hepatic 
arterial infusion (HAI) or bevacizumab or cetuximab. 
Bevacizumab was interrupted before and after the 
surgery at 6 weeks, and cetuximab was restrictively 
administered in patients with a wild-type KRAS exon 
2. All surgeries were performed after the last 
preoperative chemotherapy administration, with a 
maximum delay of 1.5 months. For patients who 
underwent adjuvant chemotherapy after the liver 
resection, the regimen was the same as the 
preoperative chemotherapy. The eligible population 
was grouped into two categories (chemotherapy or 
surveillance arm) according to the treatment with or 
without adjuvant chemotherapy following the liver 
resection. 

Information collection and follow-up 
The clinicopathological data were collected from 

patient charts, which included demographic details, 
primary location, serum carcino-embyonic antigen 
(CEA) levels during the treatment, maximum size and 
number of liver metastases, regimens and cycles of 
pre-operative chemotherapy and pathological 
information of the primary tumor. Tumor stage was 
reclassified according to the Union International 
Control Cancer staging system, version 7. 
Computerized tomography (CT) or a magnetic 
resonance imaging (MRI) procedure was used for 
radiological response assessment according to 
response evaluation criteria in solid tumors version 
1.1 [16]. The initial images before the preoperative 
chemotherapy were compared with those after the 
end of the treatment but before the liver resection. The 
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initial serum CEA levels were also compared with 
those after the preoperative chemotherapy but before 
surgery.  

Pathological evaluation was performed on 
hematoxylin-eosin stained slides from formalin-fixed, 
paraffin-embedded 0.5 mm sections of hepatectomy 
specimens. All specimens were scored by two 
independent pathologists who were blinded to the 
patient’s information, according to the tumor 
regression grades (TRG) criteria proposed by 
Rubbia-Brandt L [17]. There were five grades based 
on the percentage of residual tumor cells and the 
fibrosis in the TRG score system. Namely, TRG 1: an 
absence of residual cancer and an abundance of 
fibrosis; TRG 2: a large amount of fibrosis and 
scattered rare residual cancer cells; TRG 3: more 
residual cancer cells, but fibrosis predominates; TRG 
4: presence of abundant residual cancer cells 
predominates over fibrosis; TRG 5: almost exclusively 
cancer with an absence of fibrosis. For patients who 
had more than one metastatic nodule, the worst 
pathological regressions (highest TRG) of all of the 
nodules per patient were used as the patient’s 
pathological regression. Furthermore, a cut-off of 3 
was used to classify the five TRG scores into two 
categories according to Carrasco J et al. [18]. Namely, 
TRG scores of 1-3 were defined as pathological 
regression, and TRG scores of 4-5 were defined as no 
pathological regression. 

After the liver resection, follow-up was routinely 
performed every 3 months for the first 3 years and 
then every 6 months for 5 years, which included 
physical examination, CEA and CA19-9 levels, and a 
CT or MRI. The date of relapse and death were 
confirmed by the hospital records or phone contact 
with the patient or their relatives. This study was 
approved by the Ethical Board of Sun Yat-sen 
University Cancer Center and was conducted in 
accordance with the Helsinki Declaration of the 
World Medical Association. Given the 
non-interventional retrospective design, informed 
consent was not required in this study. 

Statistical analysis  
The role of adjuvant chemotherapy after the liver 

resection was tested for relapse-free survival (RFS) 
and overall survival (OS) using the Kaplan-Meier 
method with a log-rank test. RFS was defined as the 
time from liver surgery to the first relapse at any site 
or death due to any cause. OS was calculated from the 
metastasectomy to death from any cause. The 
univariate and multiple analyses were performed 
using Cox proportional hazard models. Comparisons 
between groups were analyzed with Student’s t, 
Parson’s Chi-squared or Fisher’s exact test when 

appropriate. All statistical tests were performed using 
IBM SPSS software (version 22) with a two-tailed test. 
The variables were considered statistically significant 
for P values < 0.05.  

Results 
Patient characteristics 

The present study consisted of 163 patients with 
CRCHM who underwent hepatic metastasectomy 
after preoperative chemotherapy (Figure 1). Baseline 
characteristics are listed in Table 1. The current 
population consisted primarily of males (63.2 %). The 
median age at the time of hepatic resection was 49 
years (range: 28 - 83). The primary tumor was 
predominantly identified as colon cancer (65.6 %). All 
patients received FU-based chemotherapy, including 
61 patients who received combinations with HAI (n = 
15) or bevacizumab (n = 22) or cetuximab (n=24). The 
median number of cycles was 4 (range: 2 - 12), and 78 
patients (47.9 %) underwent a short-duration 
preoperative treatment (namely, ≤ 4 cycles for 2-week 
regimens, ≤ 3 cycles for 3-week regimens), whereas 85 
(52.1 %) received a long-duration treatment. The 
clinical and pathologic characteristics were 
comparable between the adjuvant chemotherapy and 
surveillance arms, as listed in Table 1. 

Role of adjuvant chemotherapy for hepatic 
metastasectomy 

As of the date of the last follow-up visit (August 
2016), there were 123 patients (75.5%) who had 
relapsed (median follow-up: 37.3 months; range: 7.2 - 
171.7 months), including 117 with liver recurrence 
(50/63, 79.4 % in the surveillance arm; 67/100, 67 % in 
the treatment arm). The median RFS and OS of 
patients in the surveillance arm were significantly 
worse than those of the patients with adjuvant 
chemotherapy (median RFS [mRFS]: 3.3 vs. 10.2 m, P = 
0.002; median OS [mOS]: 28.1 vs.40.7 m, P = 0.005; 
Figure 2). After adjusting for other risk factors in the 
multiple Cox model, the adjuvant chemotherapy 
group was estimated to have 54.0 % relapse-free 
survival (hazard ratio (HR) = 0.46, 95 % confidence 
interval (CI) 0.31 - 0.69, P < 0.001) and 55.0 % overall 
survival (HR [95 % CI]: 0.45 [0.26 - 0.78], P = 0.005) 
advantage compared to patients in the surveillance 
arm (Table 2).  

Further, to avoid the impact of a shortened RFS 
on the decision regarding adjuvant chemotherapy, 
sensitivity analysis was performed by removing 10 
patients who had relapsed within 1 month after the 
hepatic resection. The multivariate Cox analysis 
confirmed the role of adjuvant chemotherapy in 
prolonging RFS and OS (HR [95 % CI]: 0.54 [0.35 - 
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0.83], P = 0.005; and 0.48 [0.27 - 0.85], P = 0.012, 
respectively; Table S1). 

Table 1. Baseline characteristics (N = 163) 

    Adjuvant 
chemotherapy 
group 

Surveillance 
group 

P-value 

Patients  100 (61.3) 63 (38.7)  
Age (years)  49 (28-83) 48 (28-78)  
 ≤ 65 87 (87.0) 54 (85.7) 0.815 
 > 65 13 (13.0) 9 (14.3)  
Gender     
 Male 63 (63.0) 40 (63.5) 0.949 
 Female 37 (37.0) 23 (36.5)  
Primary tumour site    
 Colon 66 (66.0) 41 (65.1) 0.904 
 Rectum 34 (34.0) 22 (34.9)  
Primary tumour grade    
 G1,G2 72 (72.0) 49 (77.8) 0.411 
 G3 28 (28.0) 14 (22.2)  
Histological subtype     
 Non-mucinous 89 (89.0) 59 (93.7) 0.317 
 Mucinous  11 (11.0) 4 (6.3)  
Primary tumour T-stage    
 T1-2 6 (6.0) 8 (12.7) 0.137 
 T3-4 94 (94.0) 55 (87.3)  
Primary tumour N-stage    
 N0 48 (48.0) 33 (52.4) 0.586 
 N1-2 52 (52.0) 30 (47.6)  
Pre-operative CEA    
 ≤ 5ng/ml 38 (38.0) 28 (44.4) 0.414 
 > 5ng/ml 62 (62.0) 35 (55.6)  
Metastases presentation    
 Synchronous 82 (82.0) 49 (77.8) 0.509 
 Metachronous 18 (18.0) 14 (22.2)  
Number of metastases per patient 3 (1-26) 3 (1-32)  
 < 3 41 (41.0) 28 (44.4) 0.665 
 ≥ 3 59 (59.0) 35 (55.6)  
Size of the max metastases (cm) 3(0.5-11.8) 3 (0.5-10.7) 0.613 
 ≤ 3 58 (58.0) 34 (54.0)  
 > 3 42 (42.0) 29 (46.0)  
Resection status    
 R0 80 (80.0) 44 (69.8) 0.139 
 R1 20 (20.0) 19 (30.2)  
Duration of preoperative 
chemotherapy* 

   

 Short-duration 53 (53.0) 25 (39.7) 0.097 
 Long-duration 47 (47.0) 38 (60.3)  
Pre-operative chemotherapy   0.761 
 CT only 71 (71.0) 46 (73.0)  
 CT + Bev 15 (15.0) 7 (11.1)  
 CT + Cet 14 (14.0) 10 (15.9)  
CRS     
 0-2 62 (62.0) 32 (50.8) 0.159 
 3-5 38 (38.0) 31 (49.2)  
Radiological response&    
 PR 46 (46.9) 26 (44.1) 0.727 
 SD 52 (53.1) 33 (55.9)  
TRG     
 1-3 63 (63.0) 37 (58.7) 0.586 
  4-5 37 (37.0) 26 (41.3)   
Data are median (rang) or number (%). CEA = cantigen antigen. CT = 
chemotherapy. Bev = bevacizumab. Cet = cetuximab. CRS = clinical risk score. PR = 
partial response. SD = stable disease. TRG = tumor regression grade 
*Short-duration of preoperative chemotherapy: ≤ 4 cycles for 2-weekly regimens, ≤ 
3 cycles for 3-weekly regimens; long-duration of preoperative chemotherapy: > 4 
cycles for 2-weekly regimens, > 3 cycles for 3-weekly regimens. &Six of 163 patients 
were unevaluable for radiological response, because of the initial computerised 
tomography or magnetic resonance imaging performed in other hospitals.  

Risk stratification 
To explore the potential beneficial factors for 

adjuvant chemotherapy, patients in the present study 
were further classified into two risk stratifications by 
metastases history (metachronous/synchronous 
metastases), differentiated grade of the primary 
tumor (G1-2/G3), number of metastases (< 3/≥ 3 per 
patient), size of the max metastasis (≤ 3/> 3 cm), 
duration of pre-operative chemotherapy (short/long 
duration), radiologic response (partial response 
[PR]/stable disease [SD]), and pathologic regression 
(regression/no regression).  

Adjuvant chemotherapy post-metastasectomy 
was clinically and statistically significantly beneficial 
for both RFS and OS in patients with synchronous 
metastases (mRFS 2.6 vs.10.2 m, P < 0.001; mOS 25.0 m 
vs. not reached, P < 0.001), pathologic grade G3 (mRFS 
1.1 vs. 10.5 m, P = 0.003; mOS 22.0 m vs. not reached, P 
= 0.007), ≥ 3 metastases per patient (mRFS 1.8 vs. 8.4 
m, P < 0.001; mOS 24.5 vs. 34.6 m, P = 0.028), the size 
of the maximum metastasis > 3 cm (mRFS 3.3 vs. 10.2 
m, P = 0.006; mOS 25.0 vs. 40.7 m, P = 0.001) and a 
short duration of pre-operative chemotherapy (mRFS 
4.6 vs. 10.2 m, P = 0.012; mOS 25.0 vs. 35.6 m, P = 
0.004), when compared with the surveillance arm 
(Table 3, Figure S1). Inversely, there was no 
statistically significant difference between the 
adjuvant chemotherapy arm and the surveillance arm 
in patients with metachronous metastases, Grade 1-2, 
< 3 metastases per patient, the size of the max 
metastasis ≤ 3 cm, and a long duration of preoperative 
chemotherapy. However, a beneficial trend was 
observed in the adjuvant chemotherapy arm in 
subgroups with grade 1-2, < 3 metastases per patient 
and a long duration preoperative treatment (Table 3, 
Figure S1).  

For the risk stratification by tumor radiologic 
evaluation, patients who obtained PR for preoperative 
chemotherapy can benefit from adjuvant 
chemotherapy post-metastasectomy on RFS (mRFS 
1.4 vs.10.7 m, P < 0.001), whereas for those with SD, 
the benefit trend of adjuvant chemotherapy did not 
reach statistical significance. However, both the 
patients with PR and SD obtained a longer overall 
survival from treatment with adjuvant chemotherapy 
compared to observation post-surgery (mOS 36.1 vs. 
not reached, P = 0.049; and 25.3 vs. 38.0 m, P = 0.012, 
respectively; Table 3, Figure S1). 

Interestingly, patients who obtained 
pathological regression (TRG1-3) from the 
preoperative chemotherapy seemed to benefit little 
from the continued adjuvant chemotherapy 
post-metastasectomy (surveillance arm vs. adjuvant 
chemotherapy arm: mRFS 5.2 vs.10.5 months, P = 
0.172; mOS 48.0 vs. 40.7 months, P = 0.779, 
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respectively), whereas for patients who did not obtain 
pathological regression from prior chemotherapy 
(TRG 4-5), adjuvant chemotherapy exhibited an 
obvious survival benefit compared with surveillance 
only (mRFS 1.6 vs. 8.7 months, P = 0.001; mOS 20.1 vs. 
43.1 months, P < 0.001). 

Discussion 
In the present study, 163 CRCHM patients with 

liver resection after pre-operative chemotherapy were 
retrospectively analyzed. The results showed a benefit 
in both RFS and OS in the adjuvant chemotherapy 

arm compared to the observation arm. Considering 
the impact of aggressive disease on post-surgery 
decisions, we further excluded 10 patients who had 
rapidly progressing disease within 1 month in the 
sensitivity analysis. The adjuvant chemotherapy 
remained to prolong the RFS and OS for patients after 
liver resection. Although the study is limited by its 
retrospective design, to our knowledge, it is the first 
report to focus on the necessity of continued 
chemotherapy post-metastasectomy after prior 
pre-operative chemotherapy.  

 

 
Figure 1. Flow chart of patient inclusion 

 
Figure 2. Kaplan-Meier curves of Relapse-free survival (A) and Overall survival (B) according to treatment post-liver resection, based on the whole population (N 
= 163). 
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Table 2. Predictive factors for survival by univariate and multivariate analysis based on the whole population (N = 163) 

  
  
  
  

Relapse-free survival Overall survival 
Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis 
HR (95%CI) P-value HR (95%CI) P-val

ue 
HR (95%CI) P-value HR (95%CI) P-value 

Age  > 65 vs. ≤ 65 1.09 (0.65-1.82) 0.744  1.24 (0.67-2.20) 0.469  1.37 (0.70-2.67) 0.363  2.03 (0.95-4.34) 0.066  
Gender male vs. female 1.04 (0.72-1.49) 0.850  1.08 (0.71-1.65) 0.716  0.80 (0.49-1.28) 0.345  0.75 (0.43-1.30) 0.308  
Primary tumour rectal vs. colon 1.21 (0.83-1.73) 0.317  1.11 (0.72-1.72) 0.635  1.13 (0.70-1.82) 0.621  1.19 (0.67-2.09) 0.552  
Tumor grade G3 vs. G1-2 0.96 (0.79-1.18) 0.709  1.06 (0.85-1.33) 0.615  0.84 (0.63-1.12) 0.244  0.91 (0.66-1.25) 0.542  
T-stage T3-4 vs. T1-2 0.90 (0.47-1.72) 0.746  1.13 (0.56-2.29) 0.740  1.17 (0.47-2.90) 0.738  1.15 (0.41-3.21) 0.786  
N-stage N1-2 vs. N0 1.33 (0.93-1.89) 0.121  1.38 (0.92-2.06) 0.123  1.22 (0.76-1.94) 0.413  1.46 (0.83-2.57) 0.186  
Pre-operative CEA > 5ng/ml vs. ≤ 5ng/ml 1.10 (0.76-1.58) 0.619  .89 (0.59-1.34) 0.567  1.67 (1.01-2.74) 0.045  1.80 (1.03-3.16) 0.039  
Metastases presentation metachronous vs. 

synchronous 
1.03 (0.67-1.60) 0.882  .95 (0.59-1.55) 0.848  1.07 (0.62-1.88) 0.802  0.80 (0.42-1.54) 0.508  

Number of metastases ≥ 3 vs. < 3 1.54 (1.07-2.21) 0.020  1.42 (0.93-2.16) 0.108  1.42 (0.87-2.31) 0.159  1.41 (0.78-2.54) 0.251  
Size of the max metastases 
(cm) 

> 3 vs. ≤ 3 1.13 (0.79-1.61) 0.511  1.09 (0.72-1.64) 0.687  1.26 (0.79-2.00) 0.339  0.95 (0.53-1.71) 0.861  

Resection status R1-2 vs. R0 2.79 (1.87-4.16) < 0.001 2.10 (1.34-3.31) 0.001  2.57 (1.60-4.14) < 0.001 2.07 (1.15-3.73) 0.016  
Duration of preoperative 
CT 

long vs. short 1.10 (0.77-1.57) 0.590  1.08 (0.72-1.62) 0.721  0.91 (0.57-1.45) 0.685  0.72 (0.41-1.26) 0.247  

Chemotherapy backbone CT with Bev vs. CT 
only 

1.06 (0.63-1.79) 0.815  1.30 (0.74-2.29) 0.366  1.09 (0.55-2.16) 0.800  1.51 (0.70-3.26) 0.289  

 CT with Cet vs. CT only 1.42 (0.88-2.28) 0.156  1.07 (0.62-1.87) 0.804  1.31 (0.72-2.38) 0.381  1.66 (0.83-3.29) 0.150  
Response Evaluation& SD vs. PR  0.85 (0.59-1.22) 0.386  .78 (0.50-1.20) 0.254  1.23 (0.76-2.01) 0.397  1.57 (0.85-2.90) 0.152  
TRG TRG4-5 vs. TRG1-3 1.67 (1.17-2.38) 0.005  1.57 (1.04-2.38) 0.033  1.69 (1.06-2.70) 0.027  1.59 (0.92-2.76 0.097  
Postoperative 
chemotherapy 

yes vs. no 0.58 (0.40-0.83) 0.003  0.46 (0.31-0.69) < 
0.001 

0.52 (0.33-0.83) 0.006  0.45 (0.26-0.78) 0.005  

CEA = cantigen. CT = chemotherapy. Bev = bevacizumab. Cet = cetuximab. CRS = clinical risk score. PR = partial response. SD = stable disease. TRG = tumor regression 
grade. &Six of 163 patients were unevaluable for radiological response. 

Table 3. Role of adjuvant chemotherapy post-metastasectomy after the risk stratification 

Risk stratification median RFS (months)   median OS (months) 
Surveillance  Adjuvant CT  P-value   Surveillance  Adjuvant CT  P-value 

Metastases history             
 synchronous (n=131)  2.6 10.2 < 0.001  25.0  NR < 0.001 
 metachronous (n=32) 5.2 7.5 0.344  48.0  33.0  0.250  
Differentiated grade         
 G1-2 (n=121) 3.3 9.4 0.062  28.1  34.6  0.118  
  G3 (n=42) 1.1 10.5 0.003   22.0  NR 0.007  
Number of metastases        
  <3 per pateint (n=69) 8.6 11.8 0.478  28.1  NR 0.131  
 ≥3 per pateint (n=94) 1.8 8.4 < 0.001  24.5  34.6  0.028  

Size of the max metastasis        
  ≤3 cm (n=92) 3.3 9.4 0.114  38.1  34.6  0.315  

 ＞3 cm (n=71) 3.3 10.2 0.006  25.0  40.7  0.001  
Duration of pre-operative chemotherapy       
 short-duration (n=78) 4.6 10.2 0.012  25.0  35.6  0.004  
 long duration (n=85) 3 10.2 0.073  35.4  40.7  0.172  
Radiologic response&        
  PR (n=72) 1.4 10.7 < 0.001  36.1  NR 0.049  
 SD (n=85) 5.9 8.4 0.554  25.3  38.0  0.012  
Pathologic regression        
 TRG 1-3 (n=100) 5.2 10.5 0.172  48.0  40.7  0.779  
 TRG4-5 (n=63) 1.6 8.7 0.001  20.1  43.1  < 0.001 
CT = chemotherapy. PR = partial response. SD = stable disease. TRG = tumor regression grade. NR = not reached. &Six patients were unevaluable for radiological response. 

 
 
Chemotherapy, as an approach that can 

potentially improve survival, is proposed for 
peri-operative treatment, although the optimal 
regimens and duration have not been defined. The 
EORTC40983 trial randomly assigned 364 patients 
with resectable mCRC to 6 months of peri-operative 
mFOLFOX4 chemotherapy (3 months before and 3 
months after) or surgery followed by observation. A 
9.2% increase in PFS was observed in patients 

undergoing resection with peri-operative 
chemotherapy compared to surgery alone (HR [95% 
CI] 0.73[0.55 - 0.97], P = 0 .025) [19]. However, the 
difference in OS between the groups did not reach 
statistical significance after the long-term follow-up 
[20]. This was the first trial to confirm the role of 
perioperative chemotherapy for liver resection with 
adequate statistical power. However, no further 
analysis was performed on the value of 3 months of 
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post-surgery chemotherapy on the premise of 
pre-operative chemotherapy. Other randomized trials 
were performed to compare adjuvant systemic 
chemotherapy following metastasectomy with 
surgery alone [21-24]. The results were inconsistent 
with inadequate power. Mitry et al then pooled the 
278 patients from the EORTC 40923 trial and FFCD 
9002 trial and reported that adjuvant FU/LV 
chemotherapy improved the PFS (HR [95 % CI] 1.32 
[1.00 - 1.76], P = 0.058) and OS (HR [95 % CI] 1.32 [0.95 
- 1.82], P = 0.095) of patients with liver resection with 
critical statistical significance [25]. Nevertheless, none 
of these studies enrolled patients who had received 
prior chemotherapy before liver resection. 

In a further stratification analysis of the present 
study, FU-based adjuvant chemotherapy dramatically 
improved the RFS and OS in the synchronous 
subgroup but not in the metachronous groups. This 
finding was consistent with previous analyses, 
conducted by Wang et al, who showed that 
synchronous metastatic CRC seemed to have a greater 
survival benefit from the adjuvant chemotherapy 
post-liver resection, although the study didn’t restrict 
the included patients with having pre-operative 
chemotherapy [26]. This fact was most likely due to 
the poor prognosis of patients with synchronous 
metastases, who need a more aggressive post-surgery 
treatment, such as chemotherapy, to treat the 
micro-metastatic disease. Alternatively, most patients 
with metachronous metastases had a history of prior 
adjuvant chemotherapy post-primary tumor 
resection, which most likely reduced the sensitivity to 
re-chemotherapy. In addition, our results showed that 
a patient with risk factors, including more liver 
metastases, larger sized metastases or a poorer degree 
of tumor differentiation, which implies a more 
malignant disease, can have a greater survival 
advantage from post-metastasectomy chemotherapy.  

Patients who had obtained a partial response 
from the pre-operative chemotherapy can benefit 
more from continuous post-liver resection 
chemotherapy. These patients represented the 
population with higher chemo-responsiveness, 
whereas adjuvant chemotherapy can prolong the 
overall survival, even for those whose best response 
was only stable disease.  

In the present study, patients who did not obtain 
a satisfactory pathological regression (TRG 4-5) from 
pre-operative chemotherapy can benefit more from 
continuous post-surgery chemotherapy, but those 
with a satisfactory pathological regression (TRG 1-3) 
benefit little from adjuvant chemotherapy. This result 
was similar to the phenomenon observed in locally 
advanced rectal cancer, where adjuvant 
chemotherapy was not necessary for patients with a 

complete pathological response after neoadjuvant 
chemoradiotherapy [27]. The comparatively better 
biological characteristics may weaken the role of 
adjuvant chemotherapy. Instead, patients 
characterized by poor biological disease, such as TRG 
4-5 from prior treatment, need more aggressive 
adjuvant chemotherapy. In another study from South 
Korea (ADORE study), 321 rectal cancer patients who 
underwent preoperative chemoradiotherapy and total 
mesorectal excision with post-operative stage II or III 
were randomized into an adjuvant FOLFOX 
chemotherapy group or 5-Fu/LV group. The 
population enrolled excluded the patients with a 
complete pathological response. The results 
demonstrated the benefit of adding oxaliplatin to 
fluoropyrimidine-based adjuvant therapy in this 
special population [28]. Alternatively, the degree of 
pathological regression was associated with the 
duration of chemotherapy [29]. It was consistent with 
the results that patients with short-duration 
pre-operative chemotherapy may benefit more from 
the adjuvant chemotherapy compared to those with 
long-duration treatment, because they may be 
characterized with poorer pathological regression. 

Although the two arms (surveillance/adjuvant 
chemotherapy arm) were balanced among the risk 
factors, the retrospective design and small sample size 
weaken the power of the conclusion in our study, 
particularly for the subgroup analysis, which was 
based on a smaller sample size. The preliminary 
results should be interpreted with caution. 

Conclusions 
Adjuvant chemotherapy post-hepa-metastasec-

tomy can be considered even for those who had 
received pre-operative chemotherapy, and the 
management plan should be determined based on the 
risk factors for each patient. Further prospective 
clinical trials are warranted. 
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