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ABSTRACT
Neoadjuvant chemotherapy is being increasingly accepted as an effective 

treatment of resectable colorectal liver metastases (CRLM), but it may also damage 
the hepatic parenchyma. We performed a meta-analysis to compare the outcomes of 
patients who received neoadjuvant chemotherapy (NEO) prior to hepatic resection 
with hepatic resection without neoadjuvant chemotherapy (SG). Eligible trials were 
identified from Embase, PubMed, the Web of Science and the Cochrane library. 
Hazard ratios (HRs) with a 95% confidence intervals (CIs) were used to measure the 
pooled effect using a random-effects model. Statistical heterogeneity was detected 
by I2 test. Sensitivity analyses and publication bias were also assessed. The study 
outcomes included 3-year, 5-year disease-free and overall survival rate, respectively. 
Eighteen studies involving 6,254 patients were included. The pooled HRs for 5-year 
DFS and 5-year OS for NEO in the included studies calculated using the random-
effects model were 1.38 (95 % CI; 1.26-1.51, p=0.00; I2=9.6%, p=0.36) and 1.19 
(95% CI: 1.02-1.38; p=0.03; I2=49.2%, p=0.03), respectively. For CRLM patients with 
factors indicating a high risk of recurrence, the pooled HR for 5-year OS of NEO in the 
included studies calculated using the random-effects model was 0.69 (95% CI: 0.55-
0.87; p=0.00; I2=0.0%, p=0.48). These results suggest neoadjuvant chemotherapy 
improved survival of patients with initially resectable CRLM and a high risk of disease 
recurrence.

INTRODUCTION

Colorectal cancer (CRC) is the third most common 
cause of cancer-related deaths [1]. Metastasis is the major 
reason of mortality in CRC patients, with the liver being 
the only site of metastases in approximately 30% of 
the patients. Hepatic resection remains a well-accepted 
treatment modality for patients with colorectal liver 
metastases (CRLM ) and is associated with 5-year survival 
rate ranging from 37% to 58% [2, 3]. 

Neoadjuvant chemotherapy has become an integral 
part of the multidisciplinary management of CRLM. 
Moreover, there is currently an increasing practice of 

administering neoadjuvant chemotherapy to patients with 
resectable CRLM, as it might increase the resectability of 
the hepatic lesions and treat occult metastases. Consistent 
with that idea, a recent review of 23 studies involving 
over 3,000 patients showed a benefit from neoadjuvant 
chemotherapy [4]. It has also been proposed neoadjuvant 
chemotherapy could be an effective component of 
individualized precision medicine for CRLM patients 
at high risk of disease recurrence. However, whether 
neoadjuvant chemotherapy is appropriate for patients with 
resectable CRLM remains controversial. Therefore, the 
aim of this meta-analysis was to assess the benefit of neo-
adjuvant chemotherapy in the treatment of patients with 
primarily resectable CRLM.
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MATERIALS AND METHODS

Search strategy

A comprehensive search was performed to identify 
all published studies on neoadjuvant chemotherapy 
administered to patients with resectable CRLM patients. 
Searches of the Embase, PubMed, Web of Science and 
Cochrane databases were conducted to identify eligible 
studies, with no language restriction. The keywords used 
for the search strategy were ‘colorectal liver metastases’ 
or ‘colonic liver metastases’ or ‘rectal liver metastases’ 
or ‘rectum neoplasm’ or ‘colon neoplasm’ and ‘liver 
resection’ or ‘hepatic resection’ and ‘neoadjuvuant 
chemotherapy’ or ‘preoperative chemotherapy’

Inclusion and exclusion criteria

Included studies fulfilled the following criteria: 
(1) the study population were adults diagnosed with 
resectable CRLM; (2) the intervention was neoadjuvant 
chemotherapy administered prior to hepatic resection; 
(3) results were compared with patients undergoing 
hepatic resection without neoadjuvant chemotherapy; 
(4) outcomes included characteristics, overall survival 
(OS), disease-free survival (DFS), treatment-related 
complications and R1 resection rate.

The articles excluded from the analysis included 
(1) comments, editorials, systematic reviews and studies 
unrelated to our topics were excluded from the final 
analysis; (2) those that included patients with initially 
unresectable metastases; and (3) those in which the 
outcomes were not reported or were impossible to 
calculate for both groups. The quality of the studies was 
assessed independently by two investigators.

Data extraction

Two independent investigators (Wei Liu and Jian-
Guo Zhou) performed the abstract review and subsequent 
full text review. Disagreements between these two 
investigators were resolved through discussion until 
consensus was reached. A standardized data extraction 
form was used for the data extraction. The data extracted 
from the included studies were lead author; number of 
patients receiving neoadjuvant chemotherapy prior to 
hepatic resection (NEO) and the number receiving hepatic 
resection without neoadjuvant chemotherapy (SG); 
baseline patient characteristics, including tumor size>5cm, 
multiple metastases, site of primary cancer, primary lymph 
node status, synchronous CRLM and major hepatic 
resection; study region; recruitment period; 3-year and 
5-year OS and DFS; R1 resection and treatment-related 

complication rate. Post-operative chemotherapy protocols 
were always based on the individual preferences of each 
institution.

Quality assessment

A modified Newcastle-Ottawa scale (NOS) was 
used to assess the quality of the nonrandomized studies 
included in this meta-analysis [5]. This scale ranged from 
0 to 9 points and consisted of three items that described 
the patient selection method, the comparability of the 
characteristics and the post-operative outcomes of the 
patients undergoing liver surgery for CRLM with or 
without neoadjuvant chemotherapy. Articles scored as 
≥6 were deemed to be high-quality studies. The overall 
quality of the evidence and strength of recommendations 
were evaluated using GRADE [6]. GRADE Working 
Group evidence grades of evidence were as follows: high 
quality, further research is very unlikely to change our 
confidence in the estimate of effect; moderate quality, 
further research is likely to have an important impact on 
our confidence in the estimate of effect and may change 
the estimate; low quality, further research is very likely 
to have an important impact on our confidence in the 
estimate of effect and is likely to change the estimate; very 
low quality, we are very uncertain about the estimate.

Statistical analysis

We assessed the overall efficacy of hepatic resection 
for CRLM patients based on the data from the included 
studies. For the time-to-event variables, the hazard ratios 
(HRs) for OS with 95%CIs were directly extracted 
or calculated using a calculation sheet as previously 
described [7]. The incidence of treatment-related death 
was treated as a dichotomous variable, and the number 
of deaths and the total number of patients were extracted 
from the included studies. Thereafter, the odds ratios 
(ORs) with 95% CI were calculated. Pooled estimates 
of the HRs and ORs were calculated using a random-
effects model, regardless of heterogeneity. A test for 
heterogeneity, defined as the variation between individual 
trials for a given treatment, rather than that expected from 
chance, was used to assess whether the magnitude of a 
given treatment effect varied between the trials. The I2 
statistic was used to describe the percentage of the total 
variation across studies caused by heterogeneity rather 
than chance. Heterogeneity was sonsidered substantial if 
a I2≥50% [8]. Meta-regression was conducted to determine 
the possible cause of region heterogeneity. The presence of 
publication bias was evaluated using Begg’s and Egger’s 
tests. Power calculation was performed after the studies 
had been collected using the methodology described by 
Cafri et al. [9]. Details on the macro and SAS code used 
are included in the online supplement material [10]. Values 
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of p < 0.05 was considered to be significant. All statistical 
analyses were performed using STATA version 12.0 
software (Stata Corporation, College Station, TX, USA).

RESULTS

Identification of eligible studies 

A total of 18,376 CRLM-related citations were 
identified based on the initial search. After independent 
review, 18,358 studies were excluded ether because they 
were not relevant to the current analysis or they were 
ineligibility based on the inclusion criteria (Figure 1). 
Ultimately, eighteen studies (n = 6,254 patients) were 
included in this meta-analysis [11-28], among which four 
studies defined high risk factors for recurrence.

Study characteristics

The included studies were published between 
2003 and 2015. Among these studies, ten studies were 
conducted in Europe, four in America and four in Asia: 
two were conducted in Italy, two in the UK, one in 
Germany, one in Sweden, four in the USA, one in Japan, 
one in China, one in Korea, one in Israel and four in 
multiple centers of Europe. Fourteen comparisons focused 
on OS, and four comparisons focused on morbidity and 
mortality after hepatic resection.

Quality of the included studies

The quality of the nonrandomized studies was 
assessed using the NOS, and the scores ranged from 7-9, 
indicating that these studies were of high quality (Table 1 
and 2).

Long-term survival

Thirteen studies compared the 3-year OS rate of 
NEO compared with SG [11, 13, 15, 16, 18-23, 25, 28]. 
The pooled HR for 3-year OS of NEO calculated using 
a random-effects model was 1.19 (95% CI: 1.03-1.37; p 
= 0.02; I2 = 20.7%, p = 0.23)(Supplementary Figure 1a). 
Nine studies compared the 5-year OS rate between NEO 
and SG [11, 13, 15, 16, 18, 20-23], and two studies found 
that the 5-year OS rates significantly differed between 
NEO and SG [22, 27]. The pooled HR for the 5-year OS 
of NEO calculated using a random-effects model was 1.19 
(95% CI: 1.02-1.38; p = 0.03; I2 = 49.2%, p = 0.03)(Figure 
2a). Ten studies compared the 3-year DFS rate for NEO 
and SG [11, 13, 15, 16, 18-22, 25]. Two studies found that 
the 3-year DFS rate was significantly differed between 

NEO and SG [13, 15]. The pooled HR for the 3-year 
DFS of NEO calculated using the random-effects model 
was 1.28 (95% CI: 1.10-1.50; p = 0.00; I2 = 60.6%, p = 
0.01)(Supplementary Figure 1b). Nine studies compared 
the 5-year DFS rate for NEO and SG [11, 13, 15, 16, 18, 
20-22, 25]. The pooled HR for the 5-year DFS of NEO 
calculated using the random-effects model was 1.26 (95% 
CI: 1.07-1.48; p = 0.01; I2 = 69.0%, p = 0.00) (Figure 2b). 

An additional analysis was also performed to 
determine whether there was a survival difference among 
patients depending upon the disease characteristics. The 
pooled HR for primary lymph node status (positive vs. 
negative) was 1.55 (95 % CI 1.27-1.88, p = 0.000; I2 = 
43.8%, p = 0.15) (Supplementary Figure 2a), the pooled 
HR for CEA (>5 vs. ≤5 ng/nL) was 1.60 (95 % CI 1.22-
2.09, p = 0.00; I2 = 17.9%, p = 0.27) (Supplementary 
Figure 2b), the pooled HR for interval of diagnosis 
(synchronous vs. metachronous) was 1.38 (95 % CI 1.13-
1.69, p = 0.00; I2 = 0%, p = 0.77) (Supplementary Figure 
2c), the pooled HR for tumor size (>5 vs. ≤5cm) was 
1.39 (95 % CI 1.10-1.76, p = 0.01; I2 = 44.4%, p = 0.15) 
(Supplementary Figure 2d), the pooled HR for surgical 
margin (positive vs. negative) was 1.17 (95 % CI 0.64-
2.14, p = 0.61; I2 = 16.7 %, p = 0.27) (Supplementary 
Figure 2e).

Factors contributing to a high or low risk of 
recurrence

Four studies identified factors contributing to a high 
risk of recurrence and compared the 5-year OS rate of 
NEO and SG [13, 14, 24, 28]. The pooled HR for 5-year 
OS of NEO calculated using a random-effects model 
was 0.69 (95% CI: 0.55-0.87; p = 0.000; I2 = 0.0%, p = 
0.48) (Supplementary Figure 3a). The same four studies 
identified factors contributing to a low risk of recurrence 
and compared the 5-year OS rate of NEO and SG [13, 14, 
24, 28]. The pooled HR for 5-year OS of NEO calculated 
using a random-effects model was 1.10 (95% CI: 0.79-
1.54; p = 0.58; I2 = 34.8%, p = 0.20) (Supplementary 
Figure 3b).

Treatment-related complications

Nine studies presented data on complications related 
to hepatic resection in NEO and SG [12, 13, 17, 19, 21, 
22, 25, 26, 28]. The pooled overall OR for NEO was 
0.94 (95% CI: 0.89-0.96; p = 0.03; I2 = 62.3%, p = 0.01), 
indicating that neoadjuvant chemotherapy increased the 
incidence of post-operative complication rate after hepatic 
resection, as compared to SG (Supplementary Figure 4).



Oncotarget37280www.impactjournals.com/oncotarget

R1 resection rate

Nine studies presented data on the R1 rate after 
hepatic resection in NEO and SG [11, 13, 14, 16, 17, 19, 
22, 25, 26]. The pooled overall OR for NEO resection 
was 0.98 (95% CI: 0.95-1.00; p = 0.10; I2 = 0.0%, p = 
0.76), indicating that neoadjuvant chemotherapy didn not 
increase R1 rate after hepatic resection, as compared to SG 
(Supplementary Figure 5).

Meta-regression

To investigate the effects of regional characteristic 
on HR estimates, a meta-regression analysis was 
conducted with subgroups. No statistical significant 
differences were identified for the treatment effects in 
the various subgroups. The values of p for the 3-year 
DFS, 5-year DFS, 3-year OS, 5-year OS and treatment-
related complications were 0.47, 0.31, 0.49, 0.68 and 0.74, 
respectively.

Table 1: Interventions of clinical trials included in the meta-analysis
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Sensitivity analysis

Significant heterogeneity was observed for the 
3-year, 5-year DFS rate and treatment-related complication 
rate among the included studies. With respect to the DFS 
rate, the results reported by Nordlinger et al [20]. differed 
significantly from the others included studies, which 
likely contributed to the heterogeneity. After excluding 
Nordlinger et al., the pooled HR for the 3-year DFS and 
5-year DFS of NEO calculated using a random-effects 
model were 1.40 (95%CI: 1.28-1.53, p = 0.000; I2 = 4.8%, 
p = 0.40) and 1.38 (95%CI: 1.26-1.51, p = 0.00; I2 = 9.6%, 
p = 0.36). For DFS rate, the results reported by Aloysius et 
al [12]. differed significantly different from others, which 
likely contributed to the heterogeneity. After excluding 
Aloysius et al., the pooled overall OR of NEO was 0.96 
(95% CI: 0.90-1.01; p = 0.13; I2 = 20.8%, p = 0.26), 

indicating the rate of treatment-related complications did 
not differ from SG. 

Power analysis and quality of evidence

Power calculations were performed after all of 
the studies had been collected using the methodology 
described by Cafri et al. [9]. A power of 82.2% was 
determined to detect an HR of 1.36 for the 5-year OS of 
NEO as compared to SG. GRADE Working Group grades 
for the evidence were high quality for OS and DFS of 
all resectable CRLM and high quality for 5-year OS of 
CRLM patients with high risk factors of recurrence.

Table 2: Characteristics of clinical trials included in the meta-analysis
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Publication bias

For the meta-analysis, inspection of the formal 
statistical test revealed no evidence of significant 
publication bias by inspection of the formal statistical 
tests. For the 5-year OS of NEO vs. SG, the results of 
Egger’s test and Begg’s funnel plot were 0.98 and 0.53, 
respectively, and for the 5-year DFS of NEO vs. SG, the 
results were 0.69 and 0.46, respectively.

DISCUSSION

The present study is the first meta-analysis to 
assess whether neoadjuvant chemotherapy impacts on the 
long-term outcomes of patients with initially resectable 
CRLM. The present study included seventeen cohorts 
and one RCT, and provided relatively strong evidence of 

significant benefit neoadjuvant chemotherapy in terms of 
survival for CRLM patients at high risk of recurrence. 
Although there was substantial heterogeneity among the 
studies, the data reported by Nordlinger et al [20]. likely 
accounted for the majority of it. The difference between 
their results and the others may reflect the fact that their 
participants had a smaller liver disease burden than in 
other studies. For example, in Nordlinger’s study more 
than 50% of patients had only a single metastatic lesion 
while more than 25% of patients had only two tumors. 
This could drive heterogeneity of the 3-year and 5-year 
DFS rate.

Neoadjuvant chemotherapy appeared to negatively 
impact survival of all patients with resectable CRLM. 
However, the NEO cohorts had a heavier diseas burden. 
The patients in NEO had more and larger tumors and more 
synchronous liver metastases, resulting in a larger number 
of high-risk patients. It therefore appears that the two 

Figure 1: Flow chart for studies selection.
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Figure 2: A. Forrest plot summarizing the meta-analysis of the 5-year OS rate. B. Forrest plot summarizing the meta-analysis of the 5-year 
DFS rate.
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groups being compared in these studies were mismatched 
with respect to many factors. Consequently, most of 
enrolled studies were in essence comparing less ever with 
more severe disease, rather than the effect of neo-adjuvant 
chemotherapy. The only patients found to benefit from 
neoadjuvant chemotherapy prior to hepatic resection were 
those with factors indicating a high-risk of recurrence. 

Hepatic resection in patients who have already 
been exposed to systemic chemotherapy is becoming 
increasingly common in surgical practice [4]. An 
international panel recommended that the majority 
of CRLM patients should be treated up front with 
chemotherapy, irrespective of the initial resectability 
status of their metastases [29]. One the theoretical 
advantages of neoadjuvant chemotherapy in the setting of 
resectable CRLM is that progression while on neoadjuvant 
chemotherapy would indicate poor disease biology 
that should be precluded unnecessary resection. On the 
other hand, a response to chemotherapy may guide the 
administration of post-operative chemotherapy and the 
treatment of undetected distant microscopic metastases 
(aiming to reduce the risk of disease recurrence after 
resection [19, 23, 30].

The treatment paradigm for CRLM is rapidly 
shifting to a more personalized approach so as to execute 
precision medicine [31]. In a large, non-randomized study, 
patients exhibiting factors associated with a high risk of 
recurrence gained more benefit from adjuvant therapy than 
those with factors suggesting a low risk of recurrence [32]. 
These factors were independent characteristics relating to 
the features of the liver metastases. Several prognostic 
scoring models based on those factors may be predictive 
of recurrence and survival [33-36]. The most widely 
used and validated clinical risk scores were described by 
Fong et al. and Nordlinger et al [33, 34]. Based on these 
scores, four studies identified factors associated with 
a high risk of recurrence [13, 14, 24, 28]. However, the 
prognostic significance of the majority of these factors was 
determined at a time when effective cytotoxic agents were 
not available. Consequently, although most of these factors 
are still routinely used, their utility as prognostic indicators 
in the era of modern chemotherapy is uncertain and should 
be reassessed. This suggests there is a need to develop new 
oncological criteria that selects candidates of neoadjuvant 
chemotherapy. For example, liquid biopsy can predict 
the liver metastasis disease burden and complement 
RECIST measurement [37, 38]. KRAS mutation status 
is a prognostic factor in patients undergoing resection 
of CRLM, irrespective of chemotherapy regimen [39]. 
Resection margin is also becoming a focus of attention 
and reflects a more aggressive surgical strategy [40]. 
This approach has significant potential to be integrated 
into the evaluation of patients undergoing neoadjuvant 
chemotherapy for CRLM.

New chemotherapeutic agents, including irinotecan, 
oxaliplatin, and the biologic agent bevacizumab, have 

yielded improved response rates in the treatment of 
CRLM [41]. Recent data suggested that conflicting 
results exist regarding the risk of morbidity and mortality 
associated with preoperative systemic chemotherapy using 
new agents [25, 42, 43]. Oxaliplatin has been linked to 
development of hepatic sinusoidal obstruction, while 
irinotecan is associated with periportal inflammation and 
steatohepatitis [44, 45]. In addition, when patients in one 
study received a median of six cycles of neoadjuvant 
FOLFOX-4 chemotherapy for colorectal liver metastases, 
it was found that the more cycles of preoperative 
chemotherapy a patient received, the more chemotherapy-
related liver injury was likely to be induced [12]. This 
may also drive the heterogeneity of hepatic resection 
related complications. In the present study, neo-adjuvant 
chemotherapy did not increase morbidity and mortality 
after hepatic resection. Compared with SG, the pooled 
overall OR of NEO was 0.96 (95% CI: 0.90-1.01; p = 0.13; 
I2 = 20.8%, p = 0.26). This suggested that preoperative 
chemotherapy seems to be safe when performing curative 
hepatic resection for hepatic metastases.

There were several limitations to this meta-
analysis that should be taken into consideration. First, it 
is difficult to draw accurate and consistent conclusions 
from different protocols of neoadjuvant chemotherapy. 
Second, most of enrolled studies were retrospective in 
design and only one study was a randomized controlled 
trial. Third, CRLM represents a heterogeneous disease in 
that variations are possible in the number of metastases 
and the size, location, and most importantly, biological 
characteristics of the tumors and the proteins they express. 
There was a significant bias in the two mismatched for 
most of enrolled studies. It is therefore difficult to judge 
whether neoadjuvant chemotherapy provides benefit for 
all resectable CRLM. Finally, the criteria used to assess 
factors associated with a high risk of recurrence were 
not standard or convincing as indicators for selecting 
candidates of neoadjuvant chemotherapy.

In sum, the evidence presented suggests neoadjuvant 
chemotherapy could improve survival of patients with 
initially resectable CRLM patients and a high risk factors 
of recurrence. Further study of neoadjuvant chemotherapy 
for this subgroup is warranted. Moreover, the efficacy of 
neoadjuvant chemotherapy should be investigated while 
taking into account both conventional clinicopathological 
factors and the molecular factors to define tumor biology.
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