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Abstract
BACKGROUND 
The liver is the most common metastatic site of colorectal cancer. Hepatectomy is 
the mainstay of treatment for patients with colorectal liver metastases (CRLMs). 
However, there are cases of early recurrence after upfront hepatectomy alone. In 
selected high-risk patients, neoadjuvant chemotherapy (NAC) may improve long-
term survival.

AIM 
To determine the efficacy of NAC for initially resectable CRLMs.

METHODS 
Among 644 patients who underwent their first hepatectomy for CRLMs at our 
institution, 297 resectable cases were stratified into an upfront hepatectomy group 
(238 patients) and a NAC group (59 patients). Poor prognostic factors for upfront 
hepatectomy were identified using multivariate logistic regression analysis. 
Propensity score matching was used to compare clinical outcomes between the 
upfront hepatectomy and NAC groups, according to the number of poor 
prognostic factors. Survival curves were estimated using the Kaplan–Meier 
method and compared using the log-rank test.

RESULTS 
Preoperative carcinoembryonic antigen levels (≥ 10 ng/mL) (P = 0.003), primary 
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histological type (other than well/moderately differentiated) (P = 0.04), and primary lymph node 
metastases (≥ 1) (P = 0.04) were identified as independent poor prognostic factors for overall 
survival (OS) in the upfront hepatectomy group. High-risk status was defined as the presence of 
two or more risk factors. After propensity score matching, 50 patients were matched in each 
group. Among high-risk patients, the 5-year OS rate was significantly higher in the NAC group (13 
patients) than in the upfront hepatectomy group (18 patients) (100% vs 34%; P = 0.02).

CONCLUSION 
NAC may improve the prognosis of high-risk patients with resectable CRLMs who have two or 
more risk factors.

Key Words: Colorectal neoplasms; Neoadjuvant therapy; Neoplasm metastasis; Prognosis; Risk factors; 
Survival

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Hepatectomy is the mainstay of treatment for patients with colorectal liver metastases (CRLMs). 
However, there are cases of early recurrence after upfront hepatectomy alone. In selected high-risk 
patients, neoadjuvant chemotherapy (NAC) may improve long-term survival. Although several studies 
have identified risk factors for recurrence and prognosis after hepatectomy for CRLMs, they could not 
show a benefit of NAC for resectable CRLMs. This article demonstrated the effectiveness of NAC for 
initially resectable CRLMs, based on risk stratification according to prognostic factors.

Citation: Takeda K, Sawada Y, Yabushita Y, Honma Y, Kumamoto T, Watanabe J, Matsuyama R, Kunisaki C, 
Misumi T, Endo I. Efficacy of neoadjuvant chemotherapy for initially resectable colorectal liver metastases: A 
retrospective cohort study. World J Gastrointest Oncol 2022; 14(7): 1281-1294
URL: https://www.wjgnet.com/1948-5204/full/v14/i7/1281.htm
DOI: https://dx.doi.org/10.4251/wjgo.v14.i7.1281

INTRODUCTION
Colorectal cancer (CRC) is a leading cause of cancer-related deaths worldwide. Approximately 20% of 
patients with CRC present with synchronous distant metastases, and another 20% develop 
metachronous metastases[1].

The liver is the most common metastatic site of CRC[2]. Hepatectomy is the mainstay of treatment for 
patients with colorectal liver metastases (CRLMs). The 5-year overall survival (OS) rate after curative 
hepatectomy has been reported to range from 45 to 61%. However, the postoperative recurrence rate is 
high (approximately 75%), especially in the remnant liver[3]. To improve surgical outcomes, neo-
adjuvant chemotherapy (NAC) has been used to treat initially resectable CRLMs. In the EORTC 40983 
trial[4], 364 patients with resectable CRLMs were randomly assigned to a perioperative 5-fluo-
rouracil/folinic acid/oxaliplatin (FOLFOX4) group and a surgery alone group. Better recurrence-free 
survival, but no OS benefit, was observed in patients in the chemotherapy group. Therefore, upfront 
hepatectomy is recommended for patients with resectable CRLMs[3,5].

Several studies[6-9] have identified risk factors for recurrence and prognosis after hepatectomy for 
CRLMs, including positive lymph node status of the primary colorectal lesion, appearance time, largest 
tumor diameter, number and distribution of CRLMs, and preoperative carcinoembryonic antigen 
(CEA)/carbohydrate antigen 19-9 Levels. A greater number of risk factors were associated with early 
recurrence or poor prognosis. Hence, there are cases of early recurrence after upfront hepatectomy alone 
in the resectable CRLMs, and in selected high-risk patients, NAC may improve long-term survival. We 
investigated the effectiveness of NAC for initially resectable CRLMs, based on risk stratification 
according to prognostic factors.

MATERIALS AND METHODS
Study design
A total of 644 patients underwent their first hepatectomy for CRLMs at our institution between January 
1992 and December 2019. Among them, 297 resectable cases were included in this study. Among these 
cases, patients with synchronous liver metastases who received liver-first surgery or simultaneous 
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resection of CRLM and the primary lesion were excluded. Patients were stratified into an upfront 
hepatectomy group (238 patients) and a NAC group (59 patients) (Figure 1). No patient received 
preoperative chemotherapy before resection of the primary lesion. Poor prognostic factors for upfront 
hepatectomy were identified using multivariate logistic regression analysis. Propensity score matching 
was performed using baseline characteristics, and clinical outcomes were compared between the 
groups, according to the number of poor prognostic factors.

Clinicopathological characteristics
The following clinicopathological variables were analyzed: Patient-related: Age (< 60 vs ≥ 60 years), sex 
(male vs female), and initial CEA level (< 10 vs ≥ 10 ng/mL); primary tumor-related: Site of the primary 
lesion (right vs left), primary histological type (well/moderately differentiated vs others), lymph node 
metastases (0 vs ≥ 1), depth of tumor invasion [adjacent organ invasion (T4b) vs others], lymphatic 
invasion (0 vs ≥ 1), and venous invasion (0 vs ≥ 1); liver metastasis-related: Number (1–3 vs ≥ 4), 
maximum diameter (< 40 vs ≥ 40 mm), appearance time (synchronous vs metachronous), and tumor 
distribution (unilobar vs bilobar); and treatment-related: Staged hepatectomy (performed vs not 
performed), surgical margins (exposed vs not exposed), and adjuvant chemotherapy after primary 
resection and after hepatectomy (administered vs not administered). In addition, left-sided tumors 
included carcinomas in the descending colon, sigmoid colon, and rectum; and right-sided tumors 
included carcinomas in the cecum, ascending colon, and transverse colon.

Propensity score matching was performed to minimize the differences in baseline characteristics 
between the upfront hepatectomy and NAC groups. The propensity score for each patient was 
estimated by logistic regression analysis using the primary tumor- and liver metastasis-related 
variables.

Indications for NAC
The criteria for resectable CRLMs were: (1) No extrahepatic metastases; (2) Liver tumor in one lobe only, 
or no more than three tumors in both lobes; (3) Favorable tumor location, without invasion of major 
vascular structures; (4) Maximum tumor diameter ≤ 80 mm; and (5) Sufficient planned residual liver 
volume[10]. The criteria for unresectable CRLMs were uncontrollable extrahepatic metastases and 
insufficient residual liver capacity. Originally, NAC was administered to those with marginally 
resectable CRLMs who did not satisfy either of these criteria[10]. However, there were patients who 
underwent upfront hepatectomy (at their own request) although they met the criteria for NAC initially. 
Conversely, there were patients who received NAC although they met the criteria for resectable CRLM 
initially. Therefore, patients who met the criteria for resectable CRLM included those who underwent 
upfront hepatectomy or received NAC.

NAC
Patients received NAC according to the abovementioned criteria. Some patients in the NAC group were 
treated with chemotherapy by another physician, who considered the CRLMs to be unresectable. 
However, when the patients were referred to our hospital, the CRLMs were judged to have met the 
criteria for resection prior to the start of chemotherapy. Regarding NAC regimens, fluoracyl and folinic 
acid had been used. After oxaliplatin- and irinotecan-based regimens became available, these were 
widely used as NAC. The combined use of molecularly-targeted agents was also considered, based on 
RAS status. Hepatic arterial infusion was considered for elderly patients, or those who could not 
continue systemic chemotherapy due to side effects. The response to NAC was evaluated by contrast-
enhanced computed tomography (CT)/magnetic resonance imaging, according to the Response 
Evaluation Criteria in Solid Tumors (version 1.1)[11]. The number of treatment cycles varied because of 
the retrospective nature of the study. Hepatectomy was performed ≥ 4 wk after the last administration 
of chemotherapy. When bevacizumab was used, an interval of ≥ 6 wk was maintained.

Adjuvant chemotherapy after hepatectomy
Adjuvant chemotherapy (hepatic arterial or intravenous infusion or systemic or oral administration of 
fluoracyl and folinic acid, oxaliplatin, or irinotecan) was considered for all patients who underwent 
hepatectomy[10]. However, it has not been administered actively since 2019, as few studies have shown 
a survival benefit[12,13].

Hepatectomy
Hepatectomy with negative surgical margins was performed in principle with non-anatomical 
procedures. Anatomical hepatectomy was performed, if it was advantageous, in terms of complete 
resection (R0), operative time, blood loss, or invasiveness. Portal vein embolization or two-stage 
hepatectomy was planned when the remnant prognostic score was low, based on volumetry, the 
indocyanine green retention rate, and patients’ age[14]. Intraoperative ultrasonography was performed 
in all cases to detect occult tumors undetected by preoperative imaging, and to confirm the anatomical 
relationships between tumors and vasculobiliary structures, and the absence of residual tumors in the 
remnant liver. Parenchymal dissection was performed mainly using ultrasonic dissectors[14]. R0 
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Figure 1 Study flow diagram. NAC: Neoadjuvant chemotherapy; CRLM: Colorectal liver metastases.

resection was considered complete when the pathologist assessed free resection margins.

Outcomes
OS was defined as the time from hepatectomy until death from any cause. Disease-free survival (DFS) 
was defined as the time from hepatectomy until the first recurrence. Tumor response was evaluated 
according to the Response Evaluation Criteria in Solid Tumors (version 1.1)[11]. Synchronous CRLMs 
were defined as metastases to the liver at the time of resection of the primary CRC.

Follow-up
Patients were examined for recurrence after hepatectomy using contrast-enhanced CT (every 4–6 mo), 
blood tests, and tumor markers (every 2–3 mo). When recurrence in the remnant liver was suspected, 
magnetic resonance imaging was performed, and the appearance of new lesions was investigated. 
Extrahepatic recurrence in the chest and pelvis was detected on CT. Fluorodeoxyglucose positron 
emission tomography was sometimes performed to detect other distant metastases. Recurrence was 
diagnosed when imaging studies confirmed new lesions showing typical features of CRC/CRLMs, 
compared with previous images. Recurrent CRLMs were treated with repeat resection, if applicable. 
When there was no indication for resection, chemotherapy, radiotherapy, or palliative care was chosen.

Statistical analyses
Quantitative variables were expressed as medians (interquartile ranges), and categorical variables as 
numbers and percentages. Continuous data were compared using the Mann–Whitney U test, and 
categorical data using the chi-square test. Survival curves were estimated using the Kaplan–Meier 
method and compared using the log-rank test. Multivariate analysis was performed using stepwise 
logistic regression. Statistically significant variables in the univariate analysis were included in the 
multivariate analysis. All statistical analyses were conducted using SPSS Base 11.0 J (Chicago, IL, United 
States). A P value < 0.05 was considered statistically significant.

RESULTS
Baseline characteristics before propensity score matching
Before propensity score matching, there were 238 patients in the upfront hepatectomy group and 59 
patients in the NAC group (Table 1). Variables that were significantly different between the upfront 
hepatectomy and NAC groups included age (≥ 60 years) (P < 0.001), primary tumor location (right) (P = 
0.03), lymph node metastases (≥ 1) (P < 0.001), depth of tumor invasion [adjacent organ invasion (T4b)] (
P = 0.01), number of liver metastases (≥ 4) (P < 0.001), appearance time (synchronous) (P < 0.001), tumor 
distribution (bilobar) (P < 0.001), and staged hepatectomy (performed) (P = 0.04). The NAC regimens 
were as follows: Oxaliplatin-based chemotherapy (35 patients), with molecularly-targeted agents 
[bevacizumab (14 patients), cetuximab (three patients), and panitumumab (seven patients)]; irinotecan-
based chemotherapy (four patients), with molecularly-targeted agents [bevacizumab (two patients) and 
panitumumab (two patients)]; oxaliplatin- and irinotecan-based chemotherapy (nine patients), with 
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Table 1 Patient characteristics before propensity score matching

Variables Upfront hepatectomy (n = 238) NAC (n = 59) P value
Patient-related

< 60 123 14 < 0.001Age

≥ 60 115 45

Male 184 39 0.07Gender

Female 54 20

< 10 73 19 0.82CEA level (ng/mL)

≥ 10 165 40

Primary tumor-related

Right 34 15 0.03Site

Left 204 44

Well/moderately differentiated 236 57 0.128Histology

Others 2 2

0 144 17 < 0.001Lymph node metastases

≥ 1 94 42

Adjacent organ invasion (T4b) 14 9 0.01Depth of invasion

Others 224 50

0 146 29 0.08Lymphatic invasion

≥ 1 92 30

0 91 18 0.27Venous invasion

≥ 1 147 41

Liver metastasis-related

1–3 233 48 < 0.001Number

≥ 4 5 11

< 40 180 18 0.06Size (max)

≥ 40 58 41

Synchronous 40 37 < 0.001Timing of the appearance

Metachronous 198 22

Unilobar 211 38 < 0.001Distribution

Bilobar 27 21

Treatment-related

Performed 0 1 0.04Staged hepatectomy

Not performed 238 58

Exposed 13 6 0.186Surgical margin

Not exposed 225 53

Administered 69 32 < 0.001Adjuvant chemotherapy after primary resection

Not administered 169 27

Administered 86 23 0.684Adjuvant chemotherapy after hepatectomy

Not administered 152 36

CEA: Carcinoembryonic antigen; NAC: Neoadjuvant chemotherapy.
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molecularly-targeted agents [bevacizumab (six patients) and cetuximab (one patient)]; fluorouracil and 
folinic acid (nine patients), with cisplatin (seven patients); and chemotherapy, including hepatic arterial 
infusion (two patients). Responses to NAC were defined as follows: Complete response (no patient), 
partial response (34 patients), stable disease (22 patients), or progressive disease (three patients). The 
median number of treatment cycles was 6 (range from 2 to 25).

Prognostic factors for upfront hepatectomy
In univariate analysis, preoperative CEA levels (≥ 10 ng/mL) (P = 0.01), primary histological type (other 
than well/moderately differentiated) (P = 0.01), primary lymph node metastases (≥ 1) (P = 0.001), 
lymphatic invasion (≥ 1) (P = 0.02), and adjuvant chemotherapy (performed) (P = 0.02) were associated 
with poor OS in the upfront hepatectomy group (238 patients). Preoperative CEA levels [hazard ratio 
(HR), 1.948; 95% confidence interval (CI): 1.252–3.031; P = 0.003], primary histological type (HR, 2.971; 
95%CI: 1.038–8.503; P = 0.04), and primary lymph node metastases (HR, 1.623; 95%CI: 1.020–2.583; P = 
0.04) were independent prognostic factors in multivariate analysis (Table 2).

The 5-year OS rates of patients with zero (59 patients), one (108 patients), and two (71 patients) risk 
factors were 83%, 73%, and 46%, respectively. No patient had three risk factors. High-risk patients were 
defined as those with two or more risk factors, while low-risk patients were defined as those with zero 
or one risk factor. The 5-year OS rate of high-risk patients (71 patients) was significantly worse than that 
of low-risk patients (167 patients) (46.4% vs 76.4%; P < 0.001) (Figure 2).

Baseline characteristics after propensity score matching
Fifty patients in the upfront hepatectomy group were matched with 50 patients in the NAC group. 
Patients with insufficient preoperative data or without a suitable match were excluded. After matching 
preoperative baseline characteristics, treatment-related factors (staged hepatectomy, surgical margins, 
and adjuvant chemotherapy) were comparable between the two groups (Table 3). The NAC regimens 
after propensity score matching were as follows: Oxaliplatin-based chemotherapy (30 patients), with 
molecularly-targeted agents [bevacizumab (11 patients), cetuximab (three patients), and panitumumab 
(seven patients)]; irinotecan-based chemotherapy (four patients), with molecularly-targeted agents 
[bevacizumab (two patients) and panitumumab (two patients)]; oxaliplatin- and irinotecan-based 
chemotherapy (eight patients), with molecularly-targeted agents [bevacizumab (five patients) and 
cetuximab (one patient)]; fluorouracil and folinic acid (six patients), with cisplatin (four patients); and 
chemotherapy, including hepatic arterial infusion (two patients). Responses to NAC were defined as 
follows: Partial response (30 patients), stable disease (17 patients), or progressive disease (three 
patients). In total, there were 30 responders and 20 non-responders. The median number of treatment 
cycles was 6 (range from 2 to 25). The upfront hepatectomy group comprised 18 high-risk patients and 
32 low-risk patients. The NAC group comprised 13 high-risk patients and 37 low-risk patients (Table 3). 
The background characteristics were comparable when stratified by high- and low-risk, respectively.

Clinical outcomes after propensity score matching
Short-term outcomes, including the amount of intraoperative bleeding, frequency of red blood cell 
transfusions, postoperative complications, and length of postoperative hospital stay, were not 
significantly different between the two groups. In the NAC group, there was one complication of 
Clavien–Dindo grade IV. In this patient, five cycles of irinotecan-based chemotherapy were ad-
ministered as NAC. Partial resection of segments 7 and 8, with right hepatic vein reconstruction, was 
performed 4 wk after the last cycle of NAC. Laparotomy hemostasis was performed on postoperative 
day 5, due to bleeding from the surface of the hepatic dissection.

Regarding long-term outcomes, there was no significant difference in the 5-year OS rate between the 
upfront hepatectomy and NAC groups (63% vs 83%; P = 0.13) after propensity score matching. Among 
low-risk patients, there was also no significant difference in the 5-year OS rate (84.1% vs 81.0%; P = 0.79) 
(Figure 3A) or 5-year DFS rate (47.3% vs 46.3%; P = 0.71) (Figure 3B) between the two groups. 
Conversely, among high-risk patients, the 5-year OS rate was significantly higher in the NAC group 
than in the upfront hepatectomy group (100% vs 34.4%; P = 0.02) (Figure 3C). However, there was no 
significant difference in the 5-year DFS rate between the two groups (P = 0.37) (Figure 3D).

Recurrence after hepatectomy was observed in 30 (60%) patients in the upfront hepatectomy group 
and 24 (48%) patients in the NAC group. The difference between them was not statistically significant. 
The lung and remnant liver were the most frequent sites of recurrence in the upfront hepatectomy and 
NAC groups, respectively, and there was no significant difference in the distribution of initial 
recurrence sites. Regarding the initial treatment strategy for recurrence, resection and chemotherapy 
were adopted in 26.7% and 57.7% of patients in the upfront hepatectomy group and 25.0% and 66.7% of 
patients in the NAC group, respectively. The differences between them were not statistically significant 
(Table 4). Especially among high-risk patients, recurrence was observed in 15 (83%) of the 18 patients in 
the upfront hepatectomy group. Resection was adopted as the initial treatment strategy for recurrence 
in four patients, chemotherapy in six patients, and other therapies in five patients. None of the patients 
who received chemotherapy were converted to resection, and resection could only be performed in 27% 
of patients with recurrence. Conversely, recurrence was observed in nine (69%) of the 13 high-risk 
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Table 2 Prognostic factors for upfront hepatectomy

Variables n 5-yr OS rate (%) P value Hazard ratio (95%CI) P value
Patient-related

< 60 60 65.7 0.24Age (yr)

≥ 60 178 66.7

Male 167 66.5 0.28Sex

Female 71 65.8

< 10 122 75 0.01 1.948 (1.252–3.031) 0.003CEA level (ng/mL)

≥ 10 116 58.4

Primary tumor-related

Left 190 56.2 0.14Site

Right 48 68.5

Well/moderately differentiated 234 67.1 0.01 2.971 (1.038–8.503) 0.04Histology

Others 4 25

0 108 79 0.001 1.623 (1.020–2.583) 0.04Lymph node metastases

≥ 1 130 56.6

Adjacent organ invasion (T4b) 19 64.8 0.64Depth of invasion

Others 219 66.4

0 116 73.1 0.02 1.418 (0.897–2.242) 0.135Lymphatic invasion

≥ 1 122 60.8

0 81 69.7 0.73Venous invasion

≥ 1 157 63.9

1–3 228 67.5 0.07Number

≥ 4 10 38.1

< 40 180 70.9 0.05Maximum diameter (mm)

≥ 40 58 52.9

Synchronous 54 61.2 0.94Timing of the appearance

Metachronous 184 67.8

Unilobar 198 67.1 0.12Distribution

Bilobar 40 63

Treatment-related

Performed 0 – –Staged hepatectomy

Not performed 238 66.3

Exposed 19 40.1 0.09Surgical margins

Not exposed 219 69

Administered 69 64.9 0.16Adjuvant chemotherapy after primary resection

Not administered 169 66.7

Administered 126 56.2 0.02 0.646 (0.414–1.009) 0.05Adjuvant chemotherapy after hepatectomy

Not administered 112 71.7

CEA: Carcinoembryonic antigen; CI: Confidence interval; OS: Overall survival.

patients in the NAC group. Resection was adopted as the initial treatment strategy for recurrence in two 
patients. Chemotherapy was adopted as the initial treatment strategy for recurrence in seven patients 
(the same regimen was used in all responders; a different regimen was used in non-responders), three of 
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Table 3 Patient characteristics after propensity score matching

Variables Upfront hepatectomy group (n = 
50)

NAC group (n = 
50)

P 
value

Patient-related

< 60 14 10 0.349Age (yr)

≥ 60 36 40

Male 33 34 0.832Sex

Female 17 16

< 10 28 34 0.216CEA level (ng/mL)

≥ 10 22 16

Primary tumor-related

Right 10 14 0.349Site

Left 40 36

Well/moderately differen-
tiated

49 50 0.315Histology

Others 1 0

0 15 15 1.0 Lymph node metastases

≥ 1 35 35

Adjacent organ invasion (T4b) 5 3 0.461Depth of invasion

Others 45 47

0 19 23 0.418Lymphatic invasion

≥ 1 31 27

0 16 15 0.829Venous invasion

≥ 1 34 35

Liver metastasis-related

1–3 44 42 0.564Number

≥ 4 6 8

< 40 15 15 1.0 Maximum diameter (mm)

≥ 40 35 35

Synchronous 28 28 1.0 Timing of the appearance

Metachronous 22 22

Unilobar 33 33 1.0 Distribution

Bilobar 17 17

Treatment-related

Performed 0 1 0.315Staged hepatectomy

Not performed 50 49

Exposed 4 4 1.0 Surgical margins

Not exposed 46 46

Administered 17 29 0.144Adjuvant chemotherapy after primary 
resection

Not administered 23 21

Administered 23 17 0.221Adjuvant chemotherapy after hepatectomy

Not administered 27 33

High-risk 18 13 0.515Risk stratification
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Low-risk 32 37

CEA: Carcinoembryonic antigen; NAC: Neoadjuvant chemotherapy.

Table 4 Recurrence patterns/treatment after propensity score matching

Upfront hepatectomy group (n = 50) NAC group (n = 50) P value
Recurrence 30 24 0.229

Recurrence site1

Liver 12 11 0.106

Lung 17 9

Peritoneum 0 4

Other 4 3

Initial treatment for recurrence2

Resection 8 (26.7) 6 (25.0) 0.623

Chemotherapy 17 (56.7) 16 (66.7)

Other 5 (16.6) 2 (8.3)

1Duplication (+).
2Number (%) of patients with recurrence.
NAC: Neoadjuvant chemotherapy.

Figure 2 Kaplan–Meier curves of 5-yr overall survival stratified by risk. Patients in the high-(71 patients) and low-(167 patients) risk groups are 
represented by the thin and thick lines, respectively.

whom were converted to resection (Table 5). Consequently, resection was performed in 56% of patients 
with recurrence in the NAC group, which was higher than the proportion of high-risk patients in the 
upfront hepatectomy group (27%). The 5-year OS rate after the first recurrence in the NAC group was 
significantly higher than that in the upfront hepatectomy group (66.7% vs 17.9%; P = 0.04).

DISCUSSION
This study revealed a significantly worse OS rate of patients in resectable CRLMs with two or more risk 
factors [primary histological type (other than well/moderately differentiated), lymph node metastases 
(≥ 1), and preoperative CEA levels (≥ 10 g/mL)] who met the high-risk criteria compared to those who 
met the low-risk criteria. Among high-risk patients, the OS rate of those who received NAC was 
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Table 5 Initial treatment strategy for recurrence in high-risk patients

Conversion 
Case NAC regimen Course Efficacy First recurrence site Initial treatment for 

recurrence Therapy

1 FU, FOL + CDDP 2 SD Peritoneum LV/5-FU + CPT-11 (IFL) Resection

2 FU, FOL + CDDP 2 SD Liver LV/5-FU + CPT-11 (IFL) Resection

3 FU, FOL 2 PD Other FOLFOX + Bmab

4 FU, FOL + CDDP 4 SD Lung Resection

5 FOLFOX + Bmab 8 PD Liver FOLFIRI + Bmab Resection

6 XELOX + Bmab 14 SD Lung IRIS + Bmab

7 FOLFOX + Cmab 6 PR Liver Resection

8 IRI + Pmab 6 PR Peritoneum IRI + Pmab

9 FOLFIRI + Bmab 6 PR Liver FOLFIRI + Bmab

Bmab: Bevacizumab; CDDP: Cisplatin; Cmab: Cetuximab; FOL: Folinic acid; FOLFIRI: Fluorouracil + leucovorin + irinotecan; FOLFOXR: Folinic acid + 
fluorouracil + oxaliplatin; FU: Fluorouracil; IFL: I-leucovorin + fluorouracil + irinotecan; IRI: Irinotecan; IRIS: Irinotecan + s-1; Pmab: Panitumumab; 
XELOX: Capecitabine + oxaliplatin; NAC: Neoadjuvant chemotherapy.

significantly higher than that of those who underwent upfront hepatectomy after propensity score 
matching. It is a novel finding that the efficacy of NAC for resectable CRLMs was demonstrated after 
risk stratification and propensity score matching.

The definition of resectable CRLM varies in the literature[3,4,6,15]. In studies that examined the 
effectiveness of NAC for resectable CRLMs, resectable CRLM was defined as a maximum of four tumors
[4]; four or fewer tumors with a maximum diameter of < 5 cm[3]; or (1) A ≥ 30% residual liver volume 
(regardless of tumor number and size); (2) Resectable or already resected primary tumor; and (3) No 
unresectable extrahepatic metastases[16]. Some studies did not show a benefit of NAC for resectable 
CRLMs[3,4]. This may be because the criteria for resectable CRLMs were not specific enough to restrict 
the patient group to those for whom NAC is truly effective. Even when NAC was shown to be effective, 
it was considered without propensity score matching[16]. The definition of resectable CRLM in our 
database is more detailed and the efficacy of NAC was assessed by risk stratification.

We demonstrated that the OS rate, but not the DFS rate, of high-risk patients was significantly higher 
in the NAC group than in the upfront hepatectomy group. The post-recurrence clinical course after the 
first hepatectomy differed between the two groups. The treatment strategy for recurrence showed that 
chemotherapy was initially selected most frequently in both the upfront hepatectomy and NAC groups, 
although resection of not only the intrahepatic, but also the extrahepatic, recurrence site is crucial for 
prolonging the survival of patients with CRLMs[17]. However, in the NAC group, there were 
conversion cases from chemotherapy to resection, and consequently, there were more resection cases in 
the NAC group than in the upfront hepatectomy group (56% vs 27%), although this was not significant. 
Based on these results, the reason for a better OS rate among high-risk patients in the NAC group may 
be that the most effective and tolerable chemotherapy regimen has already been established in patients 
receiving NAC before their first hepatectomy, and appropriate regimens may be available from the start 
of treatment for recurrence. In fact, the OS rate of the NAC group after recurrence was significantly 
higher than that of the upfront hepatectomy group (P = 0.04).

Conversely, disadvantages of NAC include the risk that hepatectomy may not be performed in 
patients who do not respond to NAC. We showed that the effect of chemotherapy was progressive in 
6% of NAC cases. To avoid missing the timing of hepatectomy, it is important to evaluate the efficacy of 
chemotherapy every 2–3 cycles. Other disadvantages of NAC include liver damage and perioperative 
complications induced by the NAC drugs. Sinusoidal dilation caused by oxaliplatin and steatohepatitis 
caused by irinotecan have been reported[18]. Furthermore, prolonged systemic NAC alters the liver 
parenchyma and increases morbidity after major resection[19]. Although many centers specializing in 
hepatobiliary procedures have reported mortality rates of < 5% after major liver surgery, the morbidity 
of hepatectomy may have increased with the advent of NAC, due to the hepatic parenchymal damage 
caused by chemotherapy[5]. The short-term outcomes of the NAC group in this study were comparable 
to those of a previous study[5]. However, one case of postoperative bleeding was observed after 
irinotecan-based chemotherapy. As hepatectomy was performed after a sufficient drug interval, no 
sinusoidal dilation or steatohepatitis was observed in the resected specimen. Postoperative bleeding in 
this case may have resulted from a complicated hepatic dissection surface. Therefore, careful surgical 
procedures are required, even after a sufficient drug interval.
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Figure 3 Kaplan–Meier curves. A and C: 5-yr overall survival; B: 5-yr disease-free survival (DFS) in low-risk patients in the upfront hepatectomy (thin line) (32 
patients) and neoadjuvant chemotherapy (NAC) (thick line) (37 patients) groups after propensity score matching; D: 5-yr DFS in high-risk patients in the upfront 
hepatectomy (thin line) (18 patients) and NAC (thick line) (13 patients) groups after propensity score matching. NAC: Neoadjuvant chemotherapy.

Limits of the study
This study has several limitations. The first is its single-center design with limited sample size. Second, 
its retrospective nature introduces the inevitable risk of selection bias, which could not be completely 
eradicated, despite using propensity score matching to reduce confounding by indication. Lastly, it has 
been reported that molecular biological factors, such as RAS status and microsatellite instability, are 
prognostic[20,21]. However, this information was unavailable in the present study.

CONCLUSION
Our findings suggest that NAC may improve the prognosis of patients with resectable CRLMs who 
have at least two of the following risk factors: Preoperative CEA levels (≥ 10 ng/mL), primary 
histological type (other than well/moderately differentiated), and lymph node metastases (≥ 1). Future 
prospective, multicenter studies with larger sample sizes are needed to validate these findings

ARTICLE HIGHLIGHTS
Research background
Colorectal cancer (CRC) is a leading cause of cancer-related deaths worldwide. The liver is the most 
common metastatic site of CRC, and hepatectomy is the mainstay of treatment for patients with 
colorectal liver metastases (CRLMs). Upfront hepatectomy is recommended for patients with resectable 
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CRLMs. However, there are cases of early recurrence after upfront hepatectomy alone in the resectable 
CRLMs. In selected patients, neoadjuvant chemotherapy (NAC) may improve long-term survival.

Research motivation
Identifying the poor prognostic factors for upfront hepatectomy in resectable CRLMs and investigating 
the effectiveness of NAC are urgently needed to improve long-term survival of patients with resectable 
CRLMs.

Research objectives
To determine the efficacy of NAC for initially resectable CRLMs.

Research methods
Among 644 patients who underwent their first hepatectomy for CRLMs at our institution, 297 resectable 
cases were stratified into an upfront hepatectomy group (238 patients) and NAC group (59 patients). 
Poor prognostic factors for upfront hepatectomy were identified using multivariate logistic regression 
analysis. Propensity score matching was used, and clinical outcomes between the upfront hepatectomy 
and NAC groups were compared according to the number of poor prognostic factors. Survival curves 
were estimated using the Kaplan–Meier method and compared using the log-rank test.

Research results
As independent poor prognostic factors for overall survival (OS) in the upfront hepatectomy group, 
preoperative carcinoembryonic antigen (CEA) levels (≥ 10 ng/mL) (P = 0.003), primary histological type 
(other than well/moderately differentiated) (P = 0.04), and primary lymph node metastases (≥ 1) (P = 
0.04) were identified. High-risk status was defined as the presence of two or more risk factors. Fifty 
patients were matched in upfront hepatectomy and NAC groups respectively, after propensity score 
matching. Among high-risk patients, the 5-year OS rate was significantly higher in the NAC group (13 
patients) than in the upfront hepatectomy group (18 patients) (100% vs 34%; P = 0.02).

Research conclusions
NAC was effective in patients with resectable CRLMs who had at least two of the following risk factors: 
Preoperative CEA levels (≥ 10 ng/mL), primary histological type (other than well/moderately differen-
tiated), and lymph node metastases (≥ 1).

Research perspectives
NAC therapy may improve the prognosis of high-risk patients with resectable CRLMs.
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