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Abstract
The Joint Committee for Nationwide Survey on colorectal liver metastasis 
(CRLM) was established to improve treatment outcomes in patients with CRLM. 
The aim of this study was to evaluate the transition in the characteristics and 
treatment strategies of patients with CRLM and to analyze the prognostic factors. 
The data of 5085 patients newly diagnosed between 2013 and 2017 were com-
pared with those of 3820 patients from 2005 and 2007. In patients who underwent 
hepatectomy (n = 2759 and 2163), the number of CRLMs was significantly higher 
and in the 2013–2017 data than in the 2005–2007 data (median 2 vs. 1; p = .005). 
Overall survival (OS) rates after diagnosis of CRLM after hepatectomy were better 
in the 2013–2017 data than that in the 2005–2007 data (5-year OS, 62.4% vs. 56.7%, 
p < .001). Recurrence-free survival (RFS) after hepatectomy was comparable be-
tween the groups (5-year RFS, 30.5% vs. 30.7%; p = .068). Multivariate analyses 
identified age at diagnosis of CRLM ≥70 years, lymph node metastasis of primary 
lesion, preoperative carbohydrate antigen (CA) 19–9 value >100 U/mL, number 
of CRLM 2–4, and R2 resection as independent predictors of OS. Synchronous 
CRLM, concomitant extrahepatic metastasis, lymphatic invasion, lymph node 
metastasis of primary lesion, preoperative CA19-9 value >100 U/mL, number of 
CRLM 5–, and nonlaparoscopic approach were selected as that of RFS. Despite 
having a higher prevalence of advanced stage CRLM in the 2013–2017 patient 
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1   |   INTRODUCTION

The liver is the most frequent location of metastatic tu-
mors derived from colorectal cancer.1–4 To date, resection 
is the only curative treatment for patients with colorec-
tal liver metastasis (CRLM).1 The prognosis of patients 
with CRLM has shown improvement, with reported 
5-year overall survival (OS) approaching 60% in post-
hepatectomy patients.1,3,5 However, 70%–80% of tumors 
are considered unresectable at initial presentation, and 
prognosis is poor in patients who do not undergo hepa-
tectomy.1 Multidisciplinary treatment is required for mar-
ginally resectable or unresectable CRLM, and advances 
in surgical procedures, perioperative management, and 
chemotherapy have contributed to improved prognosis in 
these patients.1 To further improve treatment outcomes 
in patients with CRLM, large-scale data are required. 
The Joint Committee for Nationwide Survey on CRLM 
was established by the Japanese Society for Cancer of the 
Colon and Rectum (JSCCR) and the Japanese Society of 
Hepato-Biliary-Pancreatic Surgery (JSHBPS). The Joint 
Committee will provide raw anonymized data to research-
ers to perform studies that meet their aims as previously 
described.6–9

The Joint Committee retrospectively collected the data 
of patients who were diagnosed with CRLM between 
2005 and 2007 in 2014,5 and the data of patients newly 
diagnosed with CRLM after 2013 were continuously and 
prospectively registered.5,10,11 A follow-up period of up to 
5 years was achieved for patients diagnosed with CRLM 
from 2013 to 2017. Therefore, this study aimed to show 
representative data of patients newly diagnosed with 
CRLM between 2013 and 2017 and compare the transi-
tion in characteristics, treatment strategies, and prognos-
tic outcomes with those of patients newly diagnosed with 
CRLM between 2005 and 2007.

2   |   METHODS

Among the institutions participating in the JSCCR and 
specially qualified board-certified training institutions or 
departments certified by the JSHBPS,12 209 departments 
from 201 institutions agreed to participate in this nation-
wide database system. All the data were registered using 

the original comprehensive database system created by 
the Joint Committee.

To protect personal information, all data were reg-
istered using a linkable anonymous code that could be 
connected to and used only at each institution before reg-
istration. The registered data were rigorously managed by 
reducing and excluding data with deficiencies in six fun-
damental items (age, sex, verified latest date of survival, 
prognosis, number of liver metastases, and maximum size 
of liver tumor) and by checking and integrating duplicate 
registrations at the registration secretariat of the commit-
tee to maintain data quality.

A total of 5949 patients were newly diagnosed with 
CRLM between 2013 and 2017. After conducting a qual-
ity management process, the present report summarizes 
the data of 5085 patients in terms of patient characteris-
tics, clinical findings associated with CRLM at the time 
of diagnosis, treatment strategies, postoperative outcomes 
of hepatectomy, time-series data on tumor markers, clin-
icopathological findings of the primary lesion, imple-
mentation status of chemotherapy, and prognostic data. 
Data of 5085 patients were compared with those of 3820 
patients newly diagnosed with CRLM between 2005 and 
2007. The prognosis of the data from 2013 to 2017 was 
compared with that of 2005–2007 according to the classi-
fication of CRLM using the General Rules for Clinical and 
Pathological Studies on Cancer of the Colon, Rectum, and 
Anus (seventh edition, revised version, January 2009)13: 
H1 (1 to 4 metastatic tumors, all of which are 5 cm or less 
in maximum diameter), H2 (other than H1 or H3), and 
H3 (5 or more metastatic tumors, at least one of which is 
more than 5 cm in maximum diameter). Prognostic data 
were collected in 2014 for 2005–2007, and those for 2013, 
2014, 2015, 2016, and 2017 were collected in 2019, 2020, 
2021, 2022, and 2023, respectively. The median follow-up 
period was 29 months (interquartile range, 13–65 months) 
for the 2005–2007 data, and 26 months (interquartile 
range, 11–62 months) for the 2013–2017 data.

The prognostic factors associated with OS and RFS 
were analyzed by univariate and multivariate analyses 
in 2759 patients who underwent hepatectomy alone as 
local treatment for CRLM and were newly diagnosed with 
CRLM between 2013 and 2017. Patients who underwent 
R2 resection were included in the OS analyses but were 
excluded from the RFS analyses.

population compared to the 2005–2007 cohort, prognostic outcomes demonstra-
bly improved in the later period.

K E Y W O R D S

colorectal neoplasm, liver neoplasm, neoplasm metastasis
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2.1  |  Statistical analysis

Continuous variables are presented as medians and quar-
tiles, and nominal and ordinal variables are presented as 
ratios. Local treatment for CRLM includes hepatectomy 
and ablation therapy (radiofrequency ablation and micro-
wave coagulation therapy) but excludes hepatic arterial 
infusion chemotherapy. Survival curves were generated 
using the Kaplan–Meier method and compared using the 
log-rank test. Multivariate analyses were performed using 
a Cox proportional hazards model. For the multivariate 
analyses, the data were screened for multicollinearity. 
Values of p < .05 were considered to indicate statistical 
significance. All statistical analyses were performed using 
the SPSS software (version 24.0; IBM Corp., Armonk, NY, 
USA).

2.2  |  Ethical considerations

This study was approved by the Institutional Review 
Board of each institution (approval no. 1168: Tokyo 
Metropolitan Cancer and Infectious Diseases Center 
Komagome Hospital; data analyzed at this institute) and 
was performed in accordance with the ethical standards 
laid down in an appropriate version of the Declaration of 
Helsinki in 1995 (as revised in Brazil in 2013). Informed 
consent was obtained on the basis of the opt-out principle. 

The details of the study and right to refuse to participate 
were disclosed online to the public.

3   |   RESULTS

3.1  |  Clinical characteristics of patients 
who underwent hepatectomy

The patients who underwent concomitant ablation 
therapy as local treatment for CRLM (n = 29) were 
excluded from the analyses. The age of registered 
patients was significantly higher in the 2013–2017 
data than in the 2005–2007 data (median 66-year-old 
vs. 64-year-old, p < .001, Table  1), but sex showed no 
significant difference (male sex 62.5% vs. 63.2%, p = .626). 
The proportion of the patients with synchronous CRLM 
and primary lesions was significantly higher in the 
2013–2017 data than in the 2005–2007 data (55.1% vs. 
49.8%, p < .001; Table  1). The number of CRLMs was 
significantly higher in the 2013–2017 data compared with 
the 2005–2007 data (median 2 vs. 1; p = .005; Table  2). 
In contrast, the maximum diameter of the CRLM was 
significantly smaller in the 2013–2017 data than in the 
2005–2007 data (median: 24 mm vs. 26 mm, p < .001; 
Table 2). The incidence of marginally resectable/initially 
unresectable CRLM was significantly higher in the 
2013–2017 data than in the 2005–2007 data (6.5%/6.5%, 

T A B L E  1   Patient characteristics who underwent hepatectomy for CRLMa.

2013–2017 2005–2007

p-valuen = 2759 n = 2163

Age, years Median (25, 75%) 66 (59, 73) 64 (57, 71) <.001

Sex Male 1725 (62.5%) 1367 (63.2%) .626

Height, cm Median (25, 75%) 161.6 (155.0, 168.0) 161.0 (154.0, 167.5) .009

Missing 55 434

Weight, kg Median (25, 75%) 57.8 (50.0, 66.0) 57.0 (50.0, 65.0) .045

Missing 57 432

BMI Median (25, 75%) 22.10 (19.82, 24.45) 22.21 (20.06, 24.28) .924

Missing 57 436

HBs-Ag Positive 55 (2.1%) 35 (2.0%) .799

Missing 156 411

HCV-Ab Positive 80 (3.1%) 59 (3.4%) .593

Missing 159 419

Emergence time of CRLMb Synchronous 1521 (55.1%) 1074 (49.7%) <.001

Metachronous 1238 (44.9%) 1089 (50.3%)

Resection of primary lesion Yes 2729 (98.9%) 2150 (99.4%) .069

Abbreviations: BMI, body mass index; CRLM, colorectal liver metastasis; HBs-Ag, hepatitis B virus surface antigen; HCV-Ab, hepatitis C virus antibody.
aPatients who underwent concomitant ablation therapy were excluded.
bSynchronous liver metastasis was defined as a metastatic liver tumor diagnosed in the period of preoperative examination or surgery for primary lesion.
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5.0%/4.1%; p < .001; Table  2). The JSHBPS nomogram 
score was significantly higher in the 2013–2017 data 
than in the 2005–2007 data (median, 7 vs. 6, p < .001; 
Table  2). Regarding the operative findings (Table  3), 
the operative time was significantly longer in the 2013–
2017 data compared with the 2005–2007 data (median 
320 min vs. 289 min, p < .001), whereas the amount of 
blood loss was significantly lower in the 2013–2017 data 
compared with the 2005–2007 data (median 320 mL 
vs. 550 mL, p < .001). The incidence of red blood cell 

transfusion was not significantly different between the 
groups (19.9% vs. 21.7%, p = .145). The proportion of 
patients who underwent neoadjuvant chemotherapy 
and laparoscopic surgery was significantly higher 
in the 2013–2017 data than those in the 2005–2007 
data (20.8% vs. 5.2% and 26.1% vs. 2.3%, both p < .001, 
Table  3). Surgical curability showed no significant 
difference between both groups (p = .163). The other 
data associated with patients newly diagnosed with 
CRLM between 2013 and 2017 are presented in Data S9.

T A B L E  2   Clinical findings of CRLM at diagnosis of patients who underwent hepatectomy for CRLMa.

2013–2017 2005–2007

p-valuen = 2759 n = 2163

Number of CRLMs Median (25, 75%) 2 (1, 3) 1 (1, 3) .005

Maximum diameter of CRLM, mm Median (25, 75%) 24 (15, 38) 26 (17, 40) <.001

Distribution of CRLMs Bilobar 933 (34.0%) 678 (31.8%) .114

Unilobar 1813 (66.0) 1452 (68.2%)

Missing 13 33

Local treatability on clinical findingsb Treatable 2397 (87.0%) 1874 (90.9%) <.001

Marginally treatable 179 (6.5%) 104 (5.0%)

Initially untreatable 179 (6.5%) 84 (4.1%)

Missing 4 101

Concomitant extrahepatic metastasis Yes 340 (12.4%) 282 (13.5%) .260

Missing 14 71

Preoperative albumin, g/dL Median (25, 75) 4.0 (3.8, 4.3) 4.1 (3.8, 4.4) <.001

Missing 140 321

Preoperative T-Bil, mg/dL Median (25, 75) 0.6 (0.5, 0.8) 0.7 (0.5, 0.9) <.001

Missing 131 364

Preoperative prothrombin time, % Median (25, 75) 99.2 (89.3, 107.0) 97.0 (86.7, 103.0) <.001

Missing 195 437

Preoperative ICG-R15, % Median (25, 75) 9.0 (5.7, 13.0) 8.0 (5.2, 11.8) <.001

Missing 655 833

Preoperative hepatic coma Yes 1 (0.0%) 1 (0.1%) .644

Missing 265 475

Preoperative ascites Yes 42 (1.7%) 15 (0.9%) .030

Missing 262 475

JSHBPS nomogram scorec Median (25, 75) 7 (3, 10) 6 (3, 10) <.001

JSHBPS nomogram risk scorec Low risk (−6) 1284 (46.5%) 1113 (51.5%) <.001

Moderate risk (7–10) 817 (29.6%) 623 (28.8%)

High risk (11–) 658 (23.8%) 427 (19.7%)

Abbreviations: ASA, American Society of Anesthesiologists; CRLM, colorectal liver metastasis; JSHBPS, Japanese Society of Hepato-Biliary-Pancreatic Surgery; 
ICG-R15, Indocyanine green retention rate at 15 minutes; T-Bil, total bilirubin.
aPatients who underwent concomitant ablation therapy were excluded.
bTreatable: All tumors could be removed with preservation of a negative surgical margin and sufficient remnant liver volume without performing two-stage 
hepatectomy with portal vein embolization or major vessel reconstruction. Marginally treatable: All tumors could be removed with preservation of remnant 
liver volume, regardless of surgical margin, in two-stage hepatectomy with portal vein embolization or major vessel reconstruction. Untreatable: All tumors 
could not be removed with preservation of sufficient remnant liver volume even if two-stage hepatectomy with portal vein embolization or major vessel 
reconstruction was performed. Lesions that could be completely ablated were included in the “treatable” category.
cCalculated using the report from Beppu et al.12
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T A B L E  3   Operative outcomes of patients who underwent hepatectomy for CRLMa.

2013–2017 2005–2007

p-valuen = 2759 n = 2163

Operation timeb, min Median (25, 75%) 320 (229, 433) 289 (210, 384) <.001

Missing 79 245

Amount of blood loss, mL Median (25, 75%) 320 (120, 700) 550 (270, 1031) <.001

Missing 258 268

Red blood cell transfusion Yes 517 (19.9%) 385 (21.7%) .145

Missing 159 389

Final pathological number of 
CRLMs

Median (25, 75%) 2 (1, 3) 1 (1, 3) .002

Missing 40 85

Procedure of hepatectomy Hr2 or Hr3 14 (0.6%) 78 (3.8%) <.001

Hr1 614 (25.3%) 389 (19.2%)

HrS 268 (11.0%) 139 (6.8%)

Hr0 1535 (63.1%) 1425 (70.2%)

Missing 328 132

Pathological surgical margin, mm Median (25, 75%) 3 (1, 9) 5 (1, 10) .043

Missing 1140 1187

Surgical curabilityc R0 2462 (91.4%) 1876 (93.0%) .163

R1 183 (6.8%) 105 (5.2%)

R2 43 (1.6%) 33 (1.6%)

RX 6 (0.2%) 4 (0.2%)

Missing 65 145

Neoadjuvant chemotherapy Yes 574 (20.8%) 112 (5.2%) <.001

Simultaneous resection of primary 
lesion and CRLM in synchronous 
metastasis patients

Yes 560 (20.0%) 603 (27.9%) <.001

Missing 5 6

Laparoscopic surgery Total 685 (26.1%) 47 (2.3%) <.001

HALS 28 (1.1%) 5 (0.2%) <.001

Hybrid 44 (1.7%) 15 (0.7%)

Pure 613 (23.3%) 27 (1.3%)

Missing 125 100

Preoperative portal vein 
embolization

Yes 463 (16.8%) 203 (9.4%) <.001

Two-stage hepatectomy Yes 40 (1.4%) 7 (0.3%) <.001

Residual extrahepatic lesion Yes 211 (7.8%) 132 (6.1%) .023

Missing 62 12

Hilar lymph node dissection Yes 68 (2.6%) 66 (3.4%) .116

Missing 138 215

Pathological hilar lymph node 
metastasis

Yes 28 (1.4%) 24 (1.9%) .266

Missing 766 905

Pathological effect of 
chemotherapyd

Grade 0 69/666 (10.4%)e 33/181 (18.2%)f .027

Grade 1 355/666 (53.3%)e 93/181 (51.4%)f

Grade 2 189/666 (28.4%)e 41/181 (22.7%)f

Grade 3 53/666 (8.0%)e 14/181 (7.7%)f
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3.2  |  Survival analyses

The overall 1-, 3-, and 5-year survival (OS) rates after 
the diagnosis of CRLM in patients who underwent 
hepatectomy alone as local treatment for CRLM in the 
2013–2017 data were 96.6%, 78.9%, and 62.4%, respectively 
(Figure 1a). The 1-, 3-, and 5-year recurrence-free survival 
(RFS) rates after hepatectomy in the patients who 
underwent hepatectomy alone as local treatment for 
CRLM between in the 2013–2017 data were 55.7%, 35.9%, 
and 30.5%, respectively (Figure 1b). In the patients who 
underwent hepatectomy, compared with the 2005–2007 
data, OS rates was better in the 2013–2017 data (Figure 2a, 
5-year OS 63.1% vs. 56.9%, p < .001), whereas RFS rates 
showed no significant differences between the groups 
(Figure 2b, 5-year RFS 30.5% vs. 30.7%, p = .068).

According to the classification of CRLM using the 
General Rules for Clinical and Pathological Studies on 
Cancer of the Colon, Rectum, and Anus (seventh edition, 
revised version, January 2009), although OS in 2013–2017 
data in H1 and H2 showed significantly better prognosis 
compared with 2005–2007 data (H1, 5-year OS 65.2% vs. 
60.4%, p = .014; H2, 56.0% vs. 46.8%, p < .001; Data S1 and 
S2), OS in 2013–2017 data in H3 showed no significant dif-
ference compared with 2005–2007 data (5-year OS 44.4% 

vs. 38.9%, p = .182; Data S3). RFS in all H1–H3 classifica-
tions showed no significant differences between the two 
groups (H1, 5-year RFS 34.8% vs. 34.0%, p = .233; H2, 5-
year RFS 18.6% vs. 21.9%, p = .190; H3, 5-year RFS 8.2% vs. 
8.2%, p = .673, Data S4–S6).

According to the classification of JSHBPS nomogram 
risk score,14 both the OS and RFS were clearly stratified 
(5-year OS 71.8% in low-risk vs. 57.0% in moderate-risk vs. 
51.1% in high-risk; 5-year RFS were 45.2% in low-risk vs. 
22.2% in moderate-risk vs. 13.9% in high-risk; Data S7 and 
S8).

3.3  |  Prognostic factors of the 2013–
2017 data in the patients underwent 
hepatectomy

Survival analyses of OS and RFS in patients who underwent 
hepatectomy alone as local treatment for CRLM using 2013 
the 2017 data are presented in Tables 4 and 5. Preoperative 
chemotherapy included patients who underwent either 
neoadjuvant or induction therapy. Although survival 
rates were significantly lower in patients who underwent 
concomitant ablation therapy with hepatectomy and in 
those who had pathological hepatic hilar lymph node 

2013–2017 2005–2007

p-valuen = 2759 n = 2163

Postoperative complication
(Clavien-Dindo classification ≥ 
III)

Yes 293 (10.8%) 272 (13.3%) .007

Missing 36 116

Postoperative hospital stays, day Median (25, 75%) 12 (9, 16) 14 (10, 21) <.001

Missing 216 953

Postoperative in-hospital 
mortality

Yes 16 (0.6%) 29 (1.4%) .005

Mortality within 30 postoperative 
days

1 (0.0%) 2 (0.1%) .410

Mortality within 90 postoperative 
days

7 (0.3%) 9 (0.4%) .321

Note: Neoadjuvant chemotherapy was performed in 623 of all CRLM patients, and of 623, 574 patients underwent hepatectomy. Neoadjuvant chemotherapy 
was performed in 130 of all CRLM patients, and of 130, 112 patients underwent hepatectomy.
Abbreviations: CRLM, colorectal liver metastasis; Hr0, partial hepatectomy; HrS, resection of one segment; Hr1, resection of one section; Hr2, resection of two 
sections; Hr3, resection of three sections; HALS, hand-assisted laparoscopic surgery; Hybrid, hybrid laparoscopic surgery; Pure, pure laparoscopic surgery.
aPatients who underwent concomitant ablation therapy were excluded.
bIf simultaneous resection of the primary lesion and CRLM was undertaken in patients with synchronous metastasis, the operation time was the sum of the 
duration of each procedure.
cR0, no residual tumor; R1, microscopic residual tumor; R2, macroscopic residual tumor; RX, presence of residual tumor cannot be assessed.
dGrade 0, no change, no necrosis or cellular or structural change can be seen throughout the lesion; Grade 1, mild change, necrosis, or disappearance of the 
tumor is present in less than two-thirds of the whole lesion; Grade 2, moderate change, necrosis, or disappearance of the tumor is present in more than two-
thirds of the whole lesion, but viable tumor cells still remain; Grade 3, severe change, the whole lesion shows necrosis, and no viable tumor cells are observed.
eOf the 1012 patients who underwent chemotherapy before local treatment, the data of 346 patients were missing (final total, n = 666).
fOf the 468 patients who underwent chemotherapy before local treatment, the data of 287 patients were missing (final total, n = 181).

T A B L E  3   (Continued)
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metastasis than in those who did not, these patients 
were excluded from multivariate analyses because of the 
small sample size. Multivariate analyses identified age at 
diagnosis of CRLM ≥70 years, lymph node metastasis of 
primary lesion, preoperative carbohydrate antigen (CA) 
19–9 value >100 U/mL, number of CRLM 2–4, and R2 

resection as independent predictors of OS (Table 4); and 
identified synchronous CRLM, concomitant extrahepatic 
metastasis, lymphatic invasion, lymph node metastasis of 
primary lesion, preoperative CA19-9 value >100 U/mL, 
number of CRLM 5–, and nonlaparoscopic approach were 
selected as independent predictors of RFS (Table 5).

F I G U R E  1   Overall survival and recurrence-free survival of patients newly diagnosed with colorectal liver metastasis between 2013 and 
2017. The patients who underwent concomitant local ablation therapy were excluded from the group of hepatectomy. (a) Overall survival 
after diagnosis. Overall group includes the patients who underwent local ablation therapy (with/without hepatectomy). (b) Recurrence-free 
survival after hepatectomy.
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4   |   DISCUSSION

The present study included data registered in a 
comprehensive nationwide database by institutions 
certified by the JSCCR and JSHBPS. Accordingly, all 
patients were treated by colorectal cancer specialists 

and board-certified hepatic surgeons, which ensured 
the quality and strategies of treatment. In summary, 
compared to the 2005–2007 data, the age at diagnosis 
of CRLM was higher in the 2013–2017 data, which 
might be due to societal aging. Regarding the CRLM 
characteristics, although the number of CRLM was higher 

F I G U R E  2   Comparison of survival among patients who underwent hepatectomy between 2013 and 2017 data and 2005 and 2007 data. 
(a) Overall survival after diagnosis. One-, 3-, and 5-year overall survival rates were 96.6%, 78.9% and 62.4% in 2013–2017 data (n = 2759, 
median survival time 83 months) versus 95.6%, 72.7% and 56.6% in 2005–2007 data (n = 2163, median survival time 75 months) (p < .001). 
(b) Recurrence-free survival after hepatectomy. One-, 3-, and 5-year recurrence-free survival rates were 55.7%, 35.9%, and 30.5% in 2013–
2017 data (n = 2589, median survival time 16 months) versus 59.2%, 35.4%, and 30.7% in 2005–2007 data (n = 1985, median survival time 
16 months) (p = .068).
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in the 2013–2017 data, maximum CRLM tumor diameter 
at diagnosis was smaller in the 2013–2017 data. Several 
factors, such as advances in imaging modalities or more 
aggressive surgical approaches due to improvements in 
surgical outcomes, might have affected these results.2 
The higher rate of laparoscopic surgery in recent studies 
may have led to longer operative times and lesser blood 
losses. Furthermore, advances in surgical procedures 
and perioperative treatment might have led to lower 90-
day mortality in these years. Analyzing the data from 
2013 to 2017 compared to the prognostic data from 2005 
to 2007, it is noteworthy that even though patients who 
underwent hepatectomy in the later period exhibited 
a higher burden of prognostic risk factors, including 
elevated CRLM numbers, synchronous metastasis 
and higher JSHBPS nomogram score, their OS was 
demonstrably improved (p < .001). In contrast, their 
RFS did not show a statistically significant difference 
(p = .068). Although RFS was affected by higher JSHBPS 
nomogram score in the data from 2013–2017, advance of 
treatment after recurrence might contribute to improve 
OS in the 2013–2017 data than the 2005–2007 data. 
The lower proportion of the patients who underwent 
adjuvant chemotherapy after hepatectomy in 2013–2017 
group (50.7% vs. 67.2%, p < .001; Table  S6) might have 
impact for the results of RFS in both groups as well. 
Furthermore, multidisciplinary treatment including 
infusional fluorouracil, leucovorin, and oxaliplatin/
irinotecan (FOLFOX/FOLFIRI) therapy or molecular 
targeting agents might contribute to improve OS in the 
2013–2017 data than the 2005–2007 data. However, no 
evidence was shown in the present study and further 
precise study should be warranted. In addition, the 
definitive reason for the disparities of OS and RFS is 
unclear, but differences in the follow-up periods might 
have affected the results. Although RFS had reportedly 
strong correlation with OS in CRLM,9 several reports 
showed the discrepancy between RFS and OS.14–17

This study identified various independent prognostic 
predictors in patients who underwent hepatectomy for 
CRLM. However, regarding perioperative chemother-
apy, both pre−/postoperative chemotherapy had signifi-
cant impact for prognoses in the univariate analyses but 
none was selected as an independent prognosticator in 
multivariate analyses. The patients underwent preoper-
ative chemotherapy showed poorer survival than those 
with no preoperative chemotherapy in both OS and RFS. 
However, since the definition of neoadjuvant, induction 
chemotherapy, or conversion chemotherapy was not uni-
fied in the present study, it was difficult to show clear 
evidence in the present study. Regarding postoperative 
chemotherapy, although the RFS was reportedly shown to 
be improved by adjuvant chemotherapy after hepatectomy 

for CRLM.16,18–20 However, its impact for OS is inconsis-
tent.16,18–20 The patients who underwent postoperative 
chemotherapy showed better survival in both OS and 
RFS in the present study only in univariate analysis. 
Nevertheless, since the data regarding perioperative che-
motherapy showed some lacks in the present data, enough 
evidence was difficult to show.

Concomitant extrahepatic metastasis was selected as 
an independent predictor of RFS. Our previous study 
using data from 2005 to 2007 reported that the prognosis 
is more favorable for controllable lung metastasis than 
for distant lymph node metastasis or peritoneal dissem-
ination.7 More detailed stratification of extrahepatic 
metastasis is required to select good candidates for re-
section of CRLM in patients with concomitant extrahe-
patic metastasis.

The present multivariate analysis selected lymph node 
metastases as an independent prognostic factor associ-
ated with the primary lesion. Many previous studies re-
ported similar results.14,17,21–29 Although the present study 
highlights the importance of pathological findings of the 
primary lesion, its curability was not considered. Studies 
addressing the curability of primary lesions for the prog-
nosis of CRLM should be considered.

Regarding preoperative tumor marker values, the pres-
ent study identified CA19-9 levels >100 U/mL as an inde-
pendent predictor of prognosis, whereas CEA >100 ng/
mL were not considered. Hazard ratios (HRs) of 
CA19-9 >100 U/mL in the present study were higher for 
both OS and RFS than for other factors (1.698 and 1.476, 
respectively). Several studies have also shown a greater 
hazard ratio for CA19-9 than for CEA as a prognostic 
predictor in resectable CRLM.21,29–31 Although previous 
studies have reported that high CEA values are strong in-
dependent predictors of patient survival,22–28 these stud-
ies did not evaluate CA19-9 values. However, because the 
cutoff values varied among studies, further studies are 
needed to evaluate the usefulness of tumor markers in 
clinical practice.

Regarding the characteristics of CRLM, the number 
of CRLM was identified as an independent predictor of 
poor prognosis, whereas the CRLM diameter was not se-
lected. Previous reports have shown that the hazard ratio 
for long-term prognosis is greater in tumors than in tu-
mors.8,11,32 We previously published a novel H classifi-
cation that focused more on tumor number than tumor 
size using data from 2005 to 2007.8 Number of CRLM ≥5, 
which is high risk factor of recurrences, should be con-
sidered carefully for the indication of hepatectomy,32–35 
and was selected as independent predictor of RFS in the 
present study. Not only for tumor recurrences, CRLM 
number ≥5 showed higher hazard ratio for OS than CRLM 
number 2–4 in the previous study (hazard ratio 2.69 and 
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1.51 with reference to solitary CRLM) which enrolled the 
patients in 2000–2004.14 However, the number of CRLM 
≥5 was not selected as independent predictor of OS in the 
present study and its reason was unclear.

R2 resection was found to be the strongest indepen-
dent predictor of OS. However, the surgical curability of 
R1 was not selected as an independent prognostic factor 
for either OS or RFS in patients who underwent hepa-
tectomy for CRLM. Recently, for patients who under-
went preoperative chemotherapy, several studies have 
shown a positive prognostic impact of hepatectomy, 
even in those who underwent R1 resection.36,37 Recent 
studies evaluated the prognostic impact of various types 
of R1, such as tumor exposure in adjacent major ves-
sels.38 Further studies are necessary to more precisely 
evaluate the relevance of R1.

Nonlaparoscopic approach was selected as inde-
pendent predictor of poor RFS in the present study. 
Laparoscopic approach was significantly increased in 
the 2013–2017 data than that from the 2005–2007 data 
(Table 3). Although the patient selection criteria for lapa-
roscopic surgery might have impact for RFS in the present 
study, no evidence was shown. Further precise study such 
as evaluating the difficulty of the laparoscopic procedure 
is needed.

A major limitation of this study was the single eth-
nicity of the patients. Furthermore, this study did not 
cover all the data of patients with CRLM in Japan. In 
addition, data were lacking because of the retrospective 
study design. As the database used in the present study 
was created in 2014, the latest important information, 
such as BRAF status, was not collected.2,39–41 Therefore, 
we are attempting to create a new database system. 
However, we believe that this study will be of use to 
physicians wishing to use our nationwide database to 
conduct meaningful studies for further development of 
treatments for CRLM and will also be of value to physi-
cians involved in CRLM treatment. In conclusion, anal-
yses conducted using a nationwide database system of 
patients diagnosed with CRLM revealed a transition in 
the characteristics of CRLM and various prognosticators 
in patients who underwent hepatectomy. The OS in the 
2013–2017 data was better than that in the 2005–2007 
data, although patients with more advanced CRLM were 
included.
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