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Abstract
Background  The role of preoperative neoadjuvant chemotherapy (NAC) in patients with resectable colorectal liver metas-
tases (CRLM) remains undetermined. This study aimed to assess the efficacy of NAC in patients with resectable CRLM, 
especially in high-risk subgroups for recurrence, with special reference to synchronicity and the CRLM grade in the Japanese 
classification system.
Methods  A retrospective analysis of a multi-institutional cohort who was diagnosed with resectable CRLM was performed. 
CRLM was classified into three grades (A, B, and C) according to the combination of H stage (H1: ≤ 4 lesions and ≤ 5 cm, 
H2: ≥ 5 lesions or > 5 cm, H3: ≥ 5 lesions and > 5 cm), nodal status of the primary tumor (pN0/1: ≤ 3 metastases, pN2: ≥ 4 
metastases), and the presence of resectable extrahepatic metastases.
Results  Among 222 patients with resectable CRLM, 97 (43.7%) had synchronous CRLM. The surgical failure-free survival 
(SF-FS) of patients with synchronous CRLM (without NAC) was significantly worse than that of patients with metachronous 
CRLM (P = 0.0264). The SF-FS of patients with Grade B/C was also significantly worse than that of Grade A (P = 0.0058). 
Among the 53 patients with synchronous and Grade B/C CRLM, 31 were assigned to NAC, and all of them underwent liver 
surgery. In this high-risk subgroup, the SF-FS and OS in the NAC group were significantly better than those in the upfront 
surgery group (P < 0.0001 and P = 0.0004, respectively).
Conclusions  Patients with synchronous and Grade B/C CRLM could be good candidates for indication of NAC.
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Introduction

Surgical resection of liver metastases is the only chance for 
cure in patients with colorectal liver metastases (CRLM), 
with reported 5-year survival of 28–51% [1–4]. Recent 
advancements in chemotherapy, including the molecular 
targeted agents, enabled previously unresectable patients to 

undergo resection, and consequently, the outcome of these 
patients has improved [5–8]. However, whether preoperative 
neoadjuvant chemotherapy (NAC) is beneficial for resect-
able CRLM patients remains controversial [9–12]. Nord-
linger et al. reported a randomized controlled trial (EORTC 
40,983) showing that perioperative chemotherapy with 
FOLFOX4 increased the progression-free survival compared 
with surgery alone in patients with resectable CRLM [13]. 
However, subsequent long-term analysis could not demon-
strate the superiority of perioperative chemotherapy in terms 
of overall survival (OS) [14]. Although the final results were 
somewhat disappointing, several issues were raised regard-
ing the baseline setting of the trial; that is, patients who had 
five or more metastatic tumors were excluded, and more than 
half of the patients had a single tumor. Thus, the participat-
ing patient group was considered to be at relatively low-risk 
for recurrence. Meanwhile, several recent studies revealed 
that only patients with high-risk profile for recurrence could 
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receive survival benefit from NAC in patients with resect-
able CRLM [11, 15].

In 2008, Yamaguchi et al. [16] reported four independent 
prognostic factors of CRLM in a retrospective, multicenter 
study: five or more hepatic nodules, size larger than 5 cm, 
nodal status (N2) of primary colorectal tumor, and presence 
of extrahepatic metastases (EM). Based on these prognos-
tic factors, CRLM was classified into Grade A, B, and C. 
Since this classification system involves not only hepatic 
tumor information but also nodal status, which reflects the 
malignant potential of the primary tumor, it is known to 
well stratify the prognosis of patients with CRLM, and is 
currently endorsed by the Japanese Society for Cancer of 
the Colon and Rectum [17].

Based on previous evidences, we thought that stratifica-
tion of the risk profile was crucial to maximize the benefits 
of NAC in patients with resectable CRLM. This study aimed 
to define the high-risk subset in patients with resectable 
CRLM, with special reference to the CRLM grade by the 
Japanese classification system, and to assess the efficacy of 
NAC in its subset in the era of modern chemotherapy.

Patients and methods

Patients

Between January 2013 and December 2019, 310 patients 
were diagnosed with colorectal liver metastases (CRLM) at 
Fukuoka City Hospital (Fukuoka, Japan), Saiseikai Fukuoka 
General Hospital (Fukuoka, Japan), and Matsuyama Red 
Cross Hospital (Matsuyama, Japan). Among them, 222 
patients were diagnosed with resectable CRLM and the other 
88 were diagnosed with unresectable CRLM. Diagnosis of 
CRLM was established basically using contrast-enhanced 
computed tomography (CT) and Gd-EOB-DTPA-enhanced 
magnetic resonance imaging. Positron emission tomography 
CT was also used in most patients for detection of extra-
hepatic metastases. The Charlson comorbidity index was 
used to evaluate preoperative comorbidities [18]. Resect-
able CRLM was defined as follows: (1) tumors that could 
be technically resectable, leaving at least 30% of the residual 
liver volume regardless of tumor number and size; (2) pri-
mary tumor was curatively resectable or already resected; 
(3) no unresectable EM [19]; and (4) Eastern Cooperative 
Oncology Group performance status of the patient was 0/1, 
and the general condition of the patients was sufficient to 
receive liver surgery or, in some cases, pulmonary surgery. 
Synchronous CRLM was defined as CRLM that detected at 
the time of diagnosis of the primary tumor, and metachro-
nous CRLM was as CRLM that detected later than that time.

The treatment strategy for resectable CRLM was prin-
cipally determined based on the institution’s policy. In 

Saiseikai Fukuoka General Hospital, NAC for resectable 
CRLM was aggressively conducted when patients were 
considered to be at high risk of postoperative recurrences. 
In Matsuyama Red Cross Hospital, the principle policy for 
resectable CRLM was upfront surgery regardless of tumor 
condition until April 2017. After that time, NAC was intro-
duced for high-risk resectable CRLM. In Fukuoka City 
Hospital, NAC for resectable CRLM was aggressively con-
ducted until April 2016. After that time, policy was changed 
to upfront surgery according to personnel changes. In all 
institutes, principal strategy regarding the timing of hepa-
tectomy was primary first, two-stage surgery, except for 
some limited cases. Parenchymal-sparing liver resections 
were performed in principal; in some cases, anatomical 
liver resection was performed when this procedure offered 
advantages in operative time, blood loss, safety, or invasive-
ness. NAC and palliative chemotherapy after unresectable 
relapse were conducted by experienced oncologists at each 
institution. In cases with pulmonary metastases, assessment 
of resectability and surgery, if needed, were performed by 
experienced thoracic surgeons. A written informed consent 
was obtained from all patients before the treatment. This 
study was conducted in compliance with the ethical princi-
ples of the Declaration of Helsinki, and the study protocol 
was approved by the institutional review board of each insti-
tution (approval number: 789, 2019-9-7 and 204).

Grading system of CRLM

In the Japanese classification system of colorectal carci-
noma, CRLM was classified into three grades according 
to combination of H stage (H1: ≤ 4 lesions and maximum 
tumor size ≤ 5 cm, H2: ≥ 5 lesions or > 5 cm, H3: ≥ 5 lesions 
and > 5 cm), nodal status of primary tumor (pN0/1: ≤ 3 
metastases, pN2: ≥ 4 metastases), and presence of EM. 
Briefly, Grade A was H1 and pN0/1; Grade B was H2 and 
pN0/1, or H1 and pN2; and Grade C was H2 and pN2, or 
H3 with any pN, or EM with any H/pN (Fig. 1). In this 
study, Grade C was limited to those without unresectable 
EM because resectable CRLM was defined as those without 
unresectable EM.

Patient follow‑up

After liver surgeries, patients were followed up every 
3 months during the first 2 years and 6 months thereafter. 
Recurrent CRLM was treated in the same fashion as the 
initial treatment. OS was defined as the interval from the 
date of initial diagnosis of CRLM to the date of death by 
any cause. As a parameter to assess recurrence, the con-
cept of time to surgical failure (TSF) was employed instead 
of recurrence-free survival (RFS). In CRLM patients with 
resectable recurrences, re-resection of recurrent tumors is 
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known to provide survival benefits [20]. Thus, TSF is con-
sidered a better surrogate endpoint of OS than RFS [21]. 
In this study, the event-free survival of TSF was defined 
as surgical failure-free survival (SF-FS), which was the 

interval from the date of initial diagnosis of CRLM to the 
date of unresectable recurrence or death by any cause.

Statistical analysis

Nonparametric variables were expressed by median (range), 
and compared using the Mann–Whitney U tests. Categorical 
data were compared using the Chi-square test. OS and SF-FS 
were estimated using Kaplan–Meier method and compared 
using log-rank test. Deaths from all causes were included in 
the calculation of survival. Cox proportional hazard models 
were created to evaluate the risk associated with prognostic 
variables. Statistical analyses were performed using JMP 
Pro 14 software (SAS Institute, Cary, NC, USA). A value of 
P < 0.05 was considered significant.

Results

Analysis of the entire cohort

Table 1 shows the baseline characteristics of the 222 patients 
diagnosed with resectable CRLM. Among them, 97 patients 
(43.7%) had synchronous CRLM and the remaining 125 

Fig. 1   Grading of colorectal liver metastasis by the Japanese classi-
fication system. CRLM was classified into three grades according to 
combination of H stage, nodal status of primary tumor (pN0/1: ≤ 3 
metastases, pN2: ≥ 4 metastases), and the presence of extrahepatic 
metastases (EM). H stage was defined by the number and maximum 
diameter of liver metastases: H1, ≤ 4 lesions and ≤ 5  cm; H2, ≥ 5 
lesions or > 5 cm; H3, ≥ 5 lesions and > 5 cm. In this study, Grade C 
was limited to those without unresectable EM (shaded area), because 
resectable CRLM was defined as those without unresectable EM

Table 1   Patient characteristics

CRLM colorectal liver metastasis, CEA carcinoembryonic antigen, CA19-9 carbohydrate antigen 19-9
* P value was comparison between synchronous CRLM and metachronous CRLM

Entire cohort (n = 222) Synchronous CRLM (n = 97) Metachronous CRLM 
(n = 125)

P value*

Age (years) 67 (35–90) 68 (37–88) 67 (35–90) 0.5169
Gender (M/F) 148/74 65/32 83/42 0.9238
Performance status (0/1) 207/15 91/6 116/9 0.7652
Charlson comorbidity index (< 3/ ≥ 3) 190/32 79/18 111/14 0.1216
CEA (ng/ml) 8.0 (0.7–4044.2) 16.0 (1.0–4044.2) 7.2 (0.7–533.6) 0.0076
CA19-9 (U/ml) 15.5 (0.4–9659.4) 29.8 (0.6–6722.0) 20.0 (0.4–9659.4) 0.0006
Synchronicity of CRLM
 Synchronous 97 (43.7%)
 Metachronous 125 (56.3%)

 Time after colectomy (months) 13 (1–123)
 Maximum tumor diameter (mm) 19 (6–120) 24 (8–120) 16 (6–68)  < 0.0001
 Maximum tumor diameter > 50 mm 25 (11.3%) 21 (21.7%) 4 (3.2%)  < 0.0001
 Tumor number 1 (1–20) 2 (1–20) 1 (1–14) 0.0011
 Tumor number ≥ 5 34 (15.3%) 20 (20.6%) 14 (11.2%) 0.0533
 Primary node positive 148 (66.7%) 73 (75.3%) 75 (60.0%) 0.0168

Liver metastasis Grade
 Grade A 124 (55.9%) 44 (45.4%) 80 (64.0%)
 Grade B 55 (24.8%) 27 (27.8%) 28 (22.4%)
 Grade C 43 (19.4%) 26 (26.8%) 17 (13.6%)

 Resectable extrahepatic metastases 24 (10.8%) 13 (13.4%) 11 (8.8%) 0.2734
 Neoadjuvant chemotherapy 53 (23.9%) 38 (39.2%) 15 (12.0%)  < 0.0001
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patients (56.3%) had metachronous CRLM. Characteristics 
representing tumor malignancy, such as tumor markers, 
maximum tumor diameter, and lymph node positivity of 
primary tumors in patients with synchronous CRLM were 
significantly worse than those in patients with metachro-
nous CRLM. For the entire cohort, the median follow-up 
period for survivors was 36 months. Figure 2A shows the 
Kaplan–Meier curves of the SF-FS according to the syn-
chronicity of CRLM. Although the SF-FS curve of patients 
with synchronous CRLM (n = 97) seemed worse than that 
of those with metachronous CRLM (n = 125), the difference 
was not statistically significant (P = 0.1223). To exclude the 
possibility that NAC had influenced the results, an analy-
sis of patients without NAC was performed (Fig. 2B). The 
SF-FS of synchronous CRLM (n = 59) was significantly 

worse than those of metachronous CRLM (n = 110) 
(P = 0.0264). Figure 3A shows the Kaplan–Meier curves of 
the SF-FS according to the liver metastasis grade (A, B, or 
C), which revealed significant differences among the three 
grades (P = 0.0064). When SF-FS was compared between 
Grade A (n = 124) and Grade B/C (n = 98) (Fig. 3B), the 
SF-FS of Grade B/C CRLM was significantly worse than 
that of Grade A CRLM (P = 0.0058).

Analysis of the synchronous CRLM cohort

In the analysis of the patients with synchronous CRLM, 
the 1-/3-year SF-FS rates of the NAC (n = 38) and Upfront 
surgery (n = 59) groups were 86.8/52.5% and 56.9/43.1%, 
respectively (P = 0.0694). The cohort was further divided 

Fig. 2   Kaplan–Meier curves of the SF-FS in patients with resectable 
CRLM. A Comparison between patients with synchronous (n = 97) 
and metachronous (n = 125) CRLM. B Same comparison excluding 

patients with NAC. SF-FS, surgical failure-free survival; NAC, neo-
adjuvant chemotherapy

Fig. 3   Kaplan–Meier curves of the SF-FS in patients with resect-
able CRLM. A Comparison among the patients with liver metastasis 
Grade A (n = 124), B (n = 55), and C (n = 43). B Comparison between 

patients with liver metastasis Grade A (n = 124) and Grade B/C 
(n = 98). SF-FS, surgical failure-free survival
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according to the liver metastasis grade to assess the efficacy 
of NAC in a more high-risk subgroup for recurrence. Defin-
ing the patients with synchronous, Grade B/C CRLM as the 
high-risk group, the efficacy of NAC was analyzed. Table 2 
summarizes the baseline characteristics of the NAC (n = 31) 
and Upfront surgery (n = 22) groups among patients with 
synchronous, Grade B/C CRLM. There were no significant 
differences in the preoperative tumor characteristics repre-
senting malignancy, such as tumor markers, maximum tumor 
diameter, number of tumor nodules, and lymph node positiv-
ity of primary tumor. On the other hand, the rates of patients 
with resectable EM in the NAC group were significantly 
higher than those in the Upfront surgery group.

Among 31 patients who received NAC, 18 (58.1%) 
received FOLFOX-based regimens, and 26 (83.9%) received 
a combination with anti-EGFR or anti-VEGF antibodies. 
The median number of NAC cycles performed was 7. The 
carcinoembryonic antigen levels and the carbohydrate anti-
gen 19-9 level significantly decreased after NAC (P < 0.0001 
and P = 0.0017). The shrinkage rate of the maximum tumor 
diameter in the NAC group was 36.8%. None of the patients 
became unresectable due to progression after receiving 
NAC.

Table 3 shows the surgical outcomes of the two groups. 
There were no significant differences in the rates of major 
hepatectomy, operative time, blood loss, postoperative mor-
bidity, and hospital stay. Adjuvant chemotherapy after liver 
surgery was performed in 67.7% of patients in the NAC 
group and 63.6% in the Upfront surgery group (P = 0.7558). 
Although it was not statistically significant, the rates of early 
recurrence (within 6 months) after liver resection were 
higher in the upfront surgery group than that in the NAC 
group (54.6% and 32.3%, P = 0.1047).

The Kaplan–Meier curves of the SF-FS and OS after ini-
tial diagnosis in synchronous, Grade B/C patients are shown 
in Fig. 4. The SF-FS in the NAC group (n = 31) was signifi-
cantly better than that in the Upfront surgery group (n = 22) 
(the 1-/3-year SF-FS rates: 87.1/54.2% and 32.2/9.0%, 
P < 0.0001). Furthermore, significant survival benefit was 
also observed by NAC (the 1-/3-year OS rates: 100/75.0% 
in the NAC group and 90.5/31.0% in the Upfront surgery 
group, P = 0.0004).

In the analysis of synchronous, Grade A patients (Sup-
plementary Fig. 1A), there was no significant difference in 
SF-FS between the NAC (n = 7) and the Upfront surgery 
(n = 37) group (P = 0.9413).

Table 2   Characteristics of 
patients with synchronous and 
Grade B/C CRLM

CRLM colorectal liver metastasis, CEA carcinoembryonic antigen, CA19-9 carbohydrate antigen 19–9, 
EGFR epidermal growth factor receptor, VEGF vascular endothelial growth factor

NAC (n = 31) Upfront surgery (n = 22) P value

Age (years) 63 (37–78) 69 (40–83) 0.0707
Gender (M/F) 19/12 15/7 0.6062
Performance status (0/1) 30/1 20/2 0.3626
Charlson comorbidity index (< 3/ ≥ 3) 22/9 17/5 0.6080
CEA (ng/ml) (at diagnosis) 34.5 (1.9–4044.2) 29.2 (1.0–1164.0) 0.8313
CA19-9 (U/ml) (at diagnosis) 55.4 (2.0–6722.0) 67.7 (2.0–4736.7) 0.9631
CEA (ng/ml) (before liver resection) 8.2 (1.7–1095.4) 29.2 (1.0–1164.0) 0.1220
CA19-9 (U/ml) (before liver resection) 24.2 (2.0–1773.0) 67.7 (2.0–4736.7) 0.3543
Max diameter > 50 mm 12 (38.7%) 9 (40.9%) 0.8719
Tumor number ≥ 5 13 (41.9%) 7 (31.8%) 0.4540
Primary node positive 25 (80.7%) 18 (81.8%) 0.9144
Resectable extrahepatic metastases 9 (29.0%) 1 (4.6%) 0.0248
Liver metastasis Grade 0.7738
 Grade B 13 (41.9%) 14 (63.6%)
 Grade C 18 (58.1%) 8 (36.4%)

NAC regimen
 mFOLFOX6 + anti-EGFR 9 (29.0%)
 mFOLFOX6 + anti-VEGF 7 (22.2%)
 mFOLFOX6 alone 2 (6.5%)
 FOLFIRI + anti-EGFR 1 (3.2%)
 FOLFOXILI + anti-VEGF 3 (9.7%)
 CAPOX + anti-VEGF 3 (9.7%)
 CAPOX alone 1 (3.2%)
 Others 5 (16.2%)
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Since Grade B CRLM can be divided into two subgroups 
(H2 and pN0/1, and H1 and pN2), analysis in these sub-
groups were also performed in resectable CRLM patients 
(Supplementary Fig. 2). In the synchronous cohort, the 
SF-FS in the H1 and pN2 group (n = 12) was signifi-
cantly worse than that in the H2 and pN0/1 group (n = 15) 
(P = 0.0490). When synchronous Grade B subgroups were 
compared between NAC and upfront surgery group, both 
Grade B subgroups showed better SF-FS in the NAC group.

Prognostic factors after liver resection 
in synchronous CRLM patients

Table 4 shows the results of univariate and multivariate 
analyses of variables associated with SF-FS and OS in 
patients with synchronous CRLM. In the multivariate 

analysis, Grade B/C, without NAC, primary node positive, 
CA19-9 levels more than 50, and presence of EM were 
independent prognostic factors for SF-FS, while without 
NAC, CA19-9 levels more than 50, and presence of EM 
were for OS. NAC was identified as a common independ-
ent prognostic factor for both SF-FS and OS.

Analysis of the metachronous CRLM cohort

In the analysis of patients with metachronous CRLM, no 
significant differences were observed in SF-FS between 
the NAC and Upfront surgery group, even if the cohort 
was divided into Grade A (Supplementary Fig. 1B) and 
Grade B/C (Supplementary Fig. 1C).

Table 3   Surgical outcome of 
patients with synchronous and 
Grade B/C CRLM

ASA American Society of Anesthesiologists’ risk class, PHLF post-hepatectomy liver failure grade defined 
by the International Study Group of Liver Surgery

NAC (n = 31) Upfront surgery (n = 22) P value

Major hepatectomy 11 (35.5%) 6 (27.3%) 0.5280
Laparoscopic surgery 9 (29.0%) 2 (9.1%) 0.0778
ASA (1/2/3) 1/29/1 1/19/2 0.6329
Operative time (min) 298 (73–682) 324 (94–558) 0.6275
Blood loss (ml) 345 (10–1900) 295 (10–2226) 0.9211
Blood transfusion 6 (20.0%) 2 (9.5%) 0.3113
Surgical margin (R0/R1/R2) 27/4/0 17/5/0 0.3479
PHLF (Grade A/B/C) 2/0/0 0/0/0 0.2168
Clavien–Dindo Grade (1/2/3a/ ≥ 3b) 2/0/2/0 1/4/0/0
Clavien–Dindo ≥ Grade 3 2 (6.5%) 0 0.2246
Postoperative hospital stay (days) 11 (5–35) 14 (7–36) 0.1313
Adjuvant chemotherapy 21 (67.7%) 14 (63.6%) 0.7558

Fig. 4   Kaplan–Meier curves of the SF-FS and OS in patients with 
synchronous and Grade B/C resectable CRLM. A Comparison of 
the SF-FS between the NAC (n = 31) and Upfront surgery (n = 22) 

groups. B Comparison of the OS between the NAC (n = 31) and 
Upfront surgery (n = 22) groups. SF-FS, surgical failure-free survival; 
OS, overall survival; NAC, neoadjuvant chemotherapy
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Discussion

The current retrospective study demonstrated that patients 
with resectable, synchronous Grade B/C CRLM, namely, 
with high-risk profiles for recurrence showed significant 
improvement in SF-FS and OS by NAC. Meanwhile, such 
beneficial effect by NAC was not observed in patients who 
had relatively low-risk profiles such as synchronous Grade 
A, or metachronous CRLM.

Regarding the role of NAC in patients with resectable 
CRLM, several previous studies with various range of evi-
dence levels have been reported to date, which must be 
interpreted with caution. In the EORTC 40,983 trial, the 
largest prospective randomized controlled trial that ana-
lyzed the role of NAC in patients with resectable CRLM, 
although the recurrence-free survival was improved, the 
survival benefit of NAC was not demonstrated [14]. How-
ever, approximately half of the study participants had a 
single or metachronous tumor. Thus, when the patient’s 
risk profile was not high enough, NAC could not offer 
survival benefit for those with resectable CRLM [22, 23] 
Another example is a retrospective case–control study 
from a single center, wherein patients with high-risk pro-
files tend to be allocated to the NAC group, with the con-
sequence that different background characteristics due to 
selection bias led to the inappropriate results [12, 24]. In 
the current study, although it was retrospective, the study 
subjects were enrolled from three institutions with differ-
ent treatment policies for resectable CRLM. Accordingly, 
patients with high-risk profiles were equally distributed 
into the NAC group and upfront surgery group.

Seeking the mechanism of beneficial effects of NAC, 
we have realized the shift of the event-free survival curves 
toward right side in the NAC group (Fig. 4). Namely, the 
beginning of the decrease in the survival curves in the 
NAC group was delayed approximately 1 year compared 
with that in the upfront group. In this patient group, the 
median number of NAC cycles was seven, which almost 
corresponds to a period of half a year. These findings 
suggest that, not only ameliorating event-free survivals, 
NAC might have canceled the early occurrence of sur-
gical failure within about 6 months after liver surgery. 
In the high-risk patient group, the early recurrence after 
liver surgery was remarkable. Especially in the upfront 
group, it occurred in more than 50% of patients. The early 
recurrence after resection of CRLMs is thought to be 
attributable to micrometastases that cannot be detected 
before surgery [25]. The mechanism of beneficial effects 
of NAC might be, at least in part, a suppression of 
micrometastases.

In a recent retrospective study by Ichida et al. pursuing 
the optimal indication criteria for NAC in patients with 

resectable CRLM, they defined the patients having ≥ 4 
metastases, ≥ 5 cm in maximum tumor diameter, or resect-
able EM as borderline resectable CRLM. They found that 
favorable survival outcomes were achieved by NAC in 
patients with borderline resectable CRLM. Their insist-
ence that the beneficial effect of NAC can be maximized 
by defining the high-risk patient group is quite identical 
to that of our study. The difference is the range of defined 
criteria of high-risk patient groups that are supposed to 
benefit from NAC. Their definition of borderline resect-
able CRLM was almost identical to H2/3 in the Japanese 
classification plus resectable EM. Compared with our 
criteria, namely, Grade B/C CRLM without unresectable 
EM, the patients with H1 and primary N2 were catego-
rized as high-risk group in our study, but not in the defi-
nition of borderline resectable CRLM. In the cohort of 
current study, 12 patients had H1 and primary N2 CRLM, 
and their 3-year SF-FS rate was 27.8%, which was suf-
ficient to consider them as a high-risk patient group. Fur-
thermore, when they were compared between the group 
with or without NAC, although the number of patients 
was quite small, the SF-FS of the patient who underwent 
NAC was significantly better than that without NAC (data 
not shown). Therefore, we believe that our definition of 
high-risk patients is better than their definition, borderline 
resectable CRLM.

In an analysis of metachronous CRLM patients, the ben-
eficial effect of NAC was not observed even in patients with 
the Grade B/C subset. However, the proportion of patients 
who received NAC among the metachronous cohort was 
only 12%. Therefore, we cannot exclude the possibility of 
false negatives due to the small statistical power. Therefore, 
the effectiveness of NAC for patients with metachronous 
CRLM still needs to be verified in a future investigation. In 
previous reports, Beppu et al. developed a nomogram that 
predicts the disease-free survival of CRLM patients based 
on six prognostic factors [26]. Interestingly, the validation 
study of the nomogram revealed that, in patients with no 
risk factors, NAC provided significantly worse outcome than 
upfront surgery [27]. Although the reason of such an odd 
phenomenon is uncertain, it seems likely that the patients 
with low-risk for recurrence cannot receive survival benefit 
by NAC. CHARISMA is an ongoing randomized phase 3 
clinical trial evaluating the efficacy of NAC in patients with 
resectable CRLM, especially with high clinical risk score 
[28]. The results of the trial will be of great interest because 
they hypothesized that, similarly to our results, NAC will 
provide a survival benefit in patients bearing a high-risk 
profile.

This study had several limitations. The study period was 
set after 2013, when the modern chemotherapy regimens 
had become fully available in our institutions. Therefore, 
the follow-up period of the patients was not sufficient 
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enough to assess the long-term outcomes of CRLM 
patients. Therefore, the concept of TSF was employed as 
a surrogate endpoint for OS in this study. The first relapse 
event after initial liver resection for CRLM does not neces-
sarily indicate treatment failure because repeat resection 
of recurrent tumors can have curative potential in some 
patients. Oba et al. revealed that the correlation between 
TSF and OS was stronger than that between RFS and OS, 
and recommended TSF, rather than RFS, as a surrogate 
endpoint for OS in a clinical study of CRLM [21]. Fur-
thermore, in patients with synchronous CRLMs, relatively 
high proportion of patients experience an event of surgical 
failure within 1 year. Especially in patients with Grade 
B/C CRLMs in the current cohort, it was more than 40%. 
Therefore, we believe that analyzing the SF-FS of such 
patients with short observation period would be mean-
ingful. Thus, taking a relatively short follow-up period 
into consideration, we employed TSF as a more reliable 
endpoint and found a significant difference in SF-FS in 
an analysis of high-risk patient group, although statisti-
cal difference was confirmed even in an analysis of OS. 
Another limitation is that our study was retrospective, and 
the number of study subjects became small when analy-
sis was divided into subgroups. However, the background 
characteristics of the two groups were similar because the 
participating institutions had different policies for NAC. 
At least, we believe that the results of the current study are 
sufficient to become a clue to consider larger prospective 
study for validation.

The SF-FS and OS of patients with synchronous and 
Grade B/C resectable CRLM were significantly improved 
by NAC. On the other hand, such beneficial effects were 
not observed in the other patients with synchronous Grade 
A or metachronous CRLM. The high-risk subset discov-
ered in the current study could be a good candidate for 
the indication of NAC in patients with resectable CRLM, 
although a randomized controlled trial is needed for 
verification.
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