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Purpose: The survival benefit of neoadjuvant chemotherapy (NAC) prior to surgical resection in colorectal cancer with 
liver metastases (CRCLM) patients remains controversial. The aim of this study was to compare overall outcome of 
CRCLM patients who underwent NAC followed by surgical resection versus surgical treatment first.
Methods: We retrospectively analyzed 429 patients with stage IV colorectal cancer with synchronous liver metastases who 
underwent simultaneous liver resection between January 2008 and December 2016. Using propensity score matching, 
overall outcome between 60 patients who underwent NAC before surgical treatment and 60 patients who underwent sur-
gical treatment first was compared.
Results: Before propensity score matching, metastatic cancer tended to involve a larger number of liver segments and the 
primary tumor size was bigger in the NAC group than in the primary resection group, so that a larger percentage of pa-
tients in the NAC group underwent major hepatectomy (P < 0.001). After propensity score matching, demographic fea-
tures and pathologic outcomes showed no significant differences between the 2 groups. In addition, there was no signifi-
cant difference in short-term recovery outcomes such as postoperative morbidity (P = 0.603) and oncologic outcome, in-
cluding 3-year overall survival rate (P = 0.285) and disease-free survival rate (P = 0.730), between the 2 groups.
Conclusion: NAC prior to surgical treatment in CRCLM is considered a safe treatment that does not increase postopera-
tive morbidity, and its impact on oncologic outcome was not inferior. 
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INTRODUCTION

Colorectal cancer (CRC) is the third most commonly diagnosed 
cancer worldwide and the second most common cause of cancer 
death [1]. In total, 20% to 25% of CRC patients have stage IV dis-
ease, 15% to 25% of whom have synchronous CRC with liver me-
tastases (CRCLM) [2]. Untreated CRCLM shows a very poor 
prognosis; 1- and 5-year survival rates of untreated CRCLM are 
less than 30% and 5%, respectively [2]. Surgical resection is the 
only treatment, which significantly increases the long-term sur-
vival of patients with CRCLM [2]. 

However, there is no definite treatment guideline for CRCLM 
since there are no randomized studies assessing the outcome of 
surgical resection compared to other treatment options such as 
systemic chemotherapy and localized treatment. In addition, 
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many CRCLM patients have unresectable liver metastases, so that 
surgical resection may not be the first choice. Moreover, even if 
liver metastases are resectable, relapse is common after surgical 
resection [3].

Therefore, neoadjuvant chemotherapy (NAC) can be considered 
prior to surgical resection for potentially resectable CRCLM for 
several reasons; reducing the size of primary cancer, increasing 
the possibility of curative resection of liver metastases, and im-
proving progression-free survival [4].

In this study, we will discuss the outcomes of resectable CRCLM 
patients who underwent NAC followed by surgical resection 
compared to those who received surgical treatment first.

METHODS

Patients
We collected patient data from the prospectively managed CRC 
database at Samsung Medical Center in Seoul, Korea. Insufficient 
data were reevaluated using electronic medical charts. This study 
was approved by the Institutional Review Board (IRB) of Sam-
sung Medical Center (No. 2020-08-069). Written informed con-
sent was waived by the IRB. We reviewed 444 patients with resect-
able stage IV CRC with synchronous liver metastases who under-
went simultaneous liver resection between January 2008 and De-
cember 2016. The initial resectability of liver metastases at the 
time of diagnosis was evaluated by the same hepatobiliary team. 
Among 444 patients, 15 patients who received more than 8 cycles 
of NAC were excluded as they were considered impossible to treat 
surgically at the time of diagnosis. Therefore, only 66 CRCLM pa-
tients who were determined to have resectable liver metastasis 
were included in NAC group and 363 underwent resection of 
CRC and liver metastases first. 

Patients who had metastasis in organs other than liver or bowel 
complications including obstruction and perforation were ex-
cluded in this study. Patients who received palliative chemother-
apy were also excluded from this study.

Evaluation
All patients underwent preoperative staging work-up with chest 
and abdominopelvic computed tomography (CT). Liver magnetic 
resonance imaging (MRI) was also performed to further assess 
the extent of liver metastases. Whole-body positron emission to-
mography (PET)-CT scanning was performed selectively for 
some patients to determine the presence of distant metastases be-
sides liver. The treatment plan for each patient was determined by 
a multidisciplinary team consisting of surgeons, oncologists, radi-
ologists, and other related specialists. 

During the follow-up period, patients visited the outpatient 
clinic every 3 months for the first 2 years, every 6 months for the 
subsequent 3 years, and annually thereafter. We performed physi-
cal examinations on the patients and checked their regular labora-
tory tests, including serum carcinoembryonic antigen (CEA), ev-

ery 3 months. Chest CT and abdominopelvic CT scans were per-
formed every 6 months or every year during the follow-up period. 
When recurrence was suspected, CT scans, MRI, and PET scans 
were performed.

Statistical analyses
Differences between the 2 groups were compared using the chi-
square test, Fisher exact test, or the Mann-Whitney U-test as ap-
propriate. Propensity score adjustment was performed to reduce 
the effect of selection biases that can influence the choice of ap-
proach and oncologic outcomes, such as age, sex, body mass in-
dex (BMI), American Society of Anesthesiologists physical status 
classification, postoperative chemotherapy, surgical procedures 
(minor and major liver resections, rectal resection), number of 
liver segments involving metastatic lesions, chemotherapy regi-
men, and target agent use status. After propensity score matching, 
perioperative data, postoperative mortality and morbidity, and 
oncologic outcomes were compared between the preoperative 
group and primary resection group. Survival rates were calculated 
by the Kaplan-Meier method. Survival curves were compared us-
ing the log-rank test. A P-value of < 0.05 was considered statisti-
cally significant for all results. All statistical analyses were per-
formed using IBM SPSS Statistics for Windows, ver. 23.0 (IBM 
Corp., Armonk, NY, USA).

RESULTS

Clinicopathologic characteristics of patients 
Demographic and pathologic data for all 429 patients are summa-
rized in Table 1. Among 429 patients with CRC and synchronous 
colorectal liver metastasis, 66 patients underwent resection after 
NAC, and 363 patients underwent primary resection without 
NAC. There were no significant differences in sex, BMI, or size of 
liver metastatic lesion between the 2 groups. The median ages of 
the NAC and primary resection groups were 54± 11 years and 
60± 12 years, respectively (P< 0.001). The mean diameters of pri-
mary tumors in the NAC and primary resection groups were 
3.9± 2.0 cm and 5.4± 2.0 cm, respectively (P< 0.001). 

There were significant differences between the 2 groups for 
pathological (p) T category of primary cancer. pT3/4 tumors were 
significantly more common in the primary resection group than 
in the NAC group (84.8% vs. 95.6%, P= 0.001), whereas pT1/2 
tumors are more common in NAC group (15.2% vs. 4.4%, P=  
0.001).

Metastatic cancer involving only 1 liver segment was 15 (22.7%) 
in the NAC group and 199 (54.8%) in the primary resection 
group, whereas metastatic cancer involving more than 4 liver seg-
ments was 21 (31.8%) in the NAC group and 33 (9.1%) in the pri-
mary resection group (P< 0.001). After propensity score match-
ing, demographic features and pathologic outcomes showed no 
significant differences between the 2 groups.
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Chemotherapy
Among 66 patients who underwent NAC, there was a median of 
5 cycles of NAC, and 37 (56.1%) patients received no more than 5 
cycles of NAC. The median interval between NAC and surgical 
treatment was 32± 12 days (Table 2). Postoperative adjuvant che-
motherapy was administered to 58 (87.9%) patients in the NAC 
group and 319 (87.9%) patients in the primary resection group 
(P> 0.999). Unlike NAC, oxaliplatin-based chemotherapy was the 
most common postoperative chemotherapeutic treatment regi-

men in both groups (P< 0.001). Target agents were administered 
to 22 (33.3%) patients in the NAC group and 37 (10.2%) patients 
in the primary resection group (P< 0.001). After propensity score 
matching, there were no significant differences between the 2 
groups. 

Surgical procedures
Types of surgical procedures for simultaneous resection of CRC 
and synchronous liver metastases are detailed in Table 3. Major 

Table 1. Demographic and pathologic data before and after propensity score matching

Variable

Before propensity score matching After propensity score matching

NAC (+) 
(n = 66)

NAC (–) 
(n = 363)

P-value
NAC (+) 
(n = 60)

NAC (–) 
(n = 60)

P-value

Age (yr) 54 ± 11 60 ± 12 < 0.001 53 ± 11 56 ± 11 0.098

Body mass index (kg/m2) 23.2 ± 2.8 23.4 ± 2.9 0.519 23.2 ± 2.8 23.1 ± 2.7

Sex 0.489 0.752

   Male 37 (56.1) 220 (60.6) 31 (51.7) 35 (58.3)

   Female 29 (43.9) 143 (39.4) 29 (48.3) 25 (41.7)

Preoperative CEA (ng/mL) 0.607 0.854

   < 5 35 (53.0) 180 (49.6) 34 (56.7) 33 (55.0)

   ≥ 5 31 (47.0) 183 (50.4) 26 (43.3) 27 (45.0)

ASA PS classification 0.691 0.697

   I, II 62 (93.9) 336 (92.6) 56 (93.3) 57 (95.0)

   III, IV 4 (6.1) 27 (7.4) 4 (6.7) 3 (5.0)

Pathology T stage 0.001  0.762

   T1/T2 10 (15.2) 16 (4.4)  7 (11.7) 5 (8.3)

   T3/T4 56 (84.8) 347 (95.6) 53 (88.3) 55 (91.7)

Pathology N stage 0.749 0.452

   N0 12 (18.2) 73 (20.2)  9 (15.0)  13 (21.7)

   N1 29 (43.9) 137 (37.7) 26 (43.3) 20 (33.3)

   N2 25 (37.9) 153 (42.1)  25 (41.7) 27 (45.0)

Segmental involvement < 0.001 0.539

   1 15 (22.7) 199 (54.8) 15 (25.0) 22 (36.7)

   2 21 (31.8) 107 (29.5) 20 (33.3) 15 (25.0)

   3 9 (13.6) 24 (6.6) 8 (13.3) 8 (13.3)

   ≥ 4 21 (31.8) 33 (9.1) 17 (28.3) 15 (25.0)

Location of primary tumor 0.225 0.367

   Right colon 10 (15.2) 89 (24.5) 8 (13.3) 14 (23.3)

   Left colon 35 (53.0) 180 (49.6) 33 (55.0) 29 (48.3)

   Rectum 21 (31.8) 94 (25.9) 19 (31.7) 17 (28.4)

Size of primary tumor (cm) 3.9 ± 2.0 5.4 ± 2.0 < 0.001 4.0 ± 2.0 4.3 ± 2.1 0.660

Liver metastatic lesion sizea (cm) 2.6 ± 1.9 2.5 ± 1.2 0.434 2.7 ± 2.0 2.4 ± 1.2 0.335

Values are presented as mean ± standard deviation or number (%). 
NAC, neoadjuvant chemotherapy; CEA, carcinoembryonic antigen; ASA, American Society of Anesthesiologists; PS, physical status.
aLargest size among metastatic lesions, which were measured from the resected specimen.
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hepatectomy was performed in 54.5% and 31.4% of patients in 
the NAC and primary resection groups, respectively (P< 0.001). 
Minor hepatectomy was performed in 45.5% and 68.6% of pa-
tients in the NAC and primary resection groups, respectively 
(P< 0.001). Rectal resection was performed in 83.3% and 70.3% 
of patients in the NAC and primary resection groups, respectively 
(P= 0.042). After propensity score matching, there were no sig-

nificant differences in operating procedure between the 2 groups. 

Short-term recovery of all patients and matched patients
Perioperative outcomes of the NAC and primary resection groups 
are shown in Table 4. Only operation time was significantly lon-
ger in the NAC group than in the primary resection group before 
propensity score matching (336 minutes vs. 297 minutes, P =  

Table 2. Neoadjuvant and adjuvant chemotherapy data before and after propensity score matching

Variable

Before propensity score matching After propensity score matching

NAC (+) 
(n = 66)

NAC (–) 
(n = 363)

P-value
NAC (+) 
(n = 60)

NAC (–) 
(n = 60)

P-value

Cycles of NAC 

   Mean 5 (2–8) NA NA 5 (2–8) NA NA

   Total 

      ≤ 5 37 (56.1) 33 (55.0)

      > 5 29 (43.9) 27 (45.0)

NAC regimen 

   FOLFOX 7 (10.6) 7 (11.7)

   FOLFIRI 34 (51.5) 32 (53.3)

   XELOX 24 (36.4) 20 (33.3)

   XELIRI 1 (1.5) 1 (1.7)

NAC target agent 

   (+) 47 (71.2) 45 (75.0)

   (–) 19 (28.8) 15 (25.0)

NAC-operation interval (day) 32 ± 12 NA NA 33 ± 12 NA NA

Adjuvant chemotherapy (+) 58 (87.9) 319 (87.9) > 0.999 52 (86.7) 45 (75.0) 0.104

Adjuvant chemotherapy regimen 0.003 0.555

   FOLFOX 19 (32.8) 87 (27.3) 19 (36.5) 12 (26.7)

   FOLFIRI 17 (29.3) 30 (9.4) 12 (23.1) 12 (26.7)

   XELOX 20 (34.5) 168 (52.7) 19 (36.5) 16 (35.6)

   XELIRI 2 (3.4) 25 (7.8) 2 (3.9) 4 (8.9)

   Others 0 (0.0) 9 (2.8) 0 (0.0) 1 (2.1)

Target agent < 0.001 0.083

   (+) 22 (33.3) 37 (10.2) 16 (26.7) 25 (41.7)

   (–) 44 (66.7) 326 (89.8) 44 (73.3) 35 (58.3)

MSI 0.019 0.555

   MSS 61 (92.4) 355 (97.9) 55 (91.7) 57 (95.0)

   MSI-H 1 (1.5) 2 (0.6) 1 (1.7) 0 (0)

   MSI-L 4 (6.1) 6 (1.5) 4 (6.7) 3 (5.0)

KRAS 0.768 0.648

   Wild type 52 (78.8) 280 (77.1) 47 (78.3) 49 (81.7)

   Mutation type 14 (21.2) 83 (22.9) 13 (21.7) 11 (18.3)

Values are presented as number (%) or mean ± standard deviation if otherwise specified. 
NAC, neoadjuvant chemotherapy; NA, not applicable; FOLFOX, fluorouracil, leucovorin, oxaliplatin; FOLFIRI, fluorouracil, leucovorin, irinotecan; XELOX, capecitabine, oxali-
platin; XELIRI, capecitabine, irinotecan; MSI, microsatellite instability; MSS, microsatellite stable; MSI-H, MSI high; MSI-L, MSI low. 
Target agent: bevacizumab or cetuximab.
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0.005). After propensity score matching, the 2 groups did not 
show a significant difference in total operation time (333 minutes 
vs. 323 minutes, P= 0.591), transfusion rate (14.1% vs. 5.6%, P=  
0.091), time to soft diet (2.9 days vs. 3.0 days, P= 0.633), or length 
of hospital stay (12 days vs. 14 days, P= 0.443). Also, there was no 

significant difference in overall postoperative morbidity between 
the 2 groups (25% vs. 28%, P= 0.603). There were 2 postoperative 
mortalities in the primary resection group due to the following 
reasons: (1) bowel ischemia and postoperative intraabdominal 
bleeding and (2) septic shock with anastomosis site leakage.

Table 3. Operating procedure before and after propensity score matching 

Variable

Before propensity score matching After propensity score matching

NAC (+) 
(n = 66)

NAC (–) 
(n = 363)

P-value
NAC (+) 
(n = 60)

NAC (–) 
(n = 60)

P-value

Hepatectomy < 0.001 0.715

   Majora 36 (54.5) 114 (31.4) 32 (53.3) 30 (50.0)

   Minorb 30 (45.5) 249 (68.6) 28 (46.7) 30 (50.0)

Primary tumor resection 0.042 0.307

   RHC 11 (16.7) 88 (24.2) 9 (15.0) 11 (18.3)

   LHC 0 (0) 20 (5.5) 0 (0) 2 (3.3)

   AR/LAR/uLAR/ISR 55 (83.3) 255 (70.3) 51 (85.0) 47 (78.4)

Surgical approach 0.121 0.850

   Open  42 (63.6) 265 (73.0) 38 (63.3) 37 (61.7)

   MIS 24 (36.4) 98 (27.0) 22 (36.7) 23 (38.3)

Stoma formation 13 (19.7) 44 (12.1) 0.095 13 (21.7) 6 (10.0) 0.080

Values are presented as number (%).
NAC, neoadjuvant chemotherapy; RHC, right hemicolectomy; LHC, left hemicolectomy; AR, anterior resection; LAR, low anterior resection; uLAR, ultra-low anterior resec-
tion, ISR, intersphincteric resection; MIS, minimal invasive surgery.
aRHC, extended RHC, LHC, and central hepatectomy. bLeft lateral sectionectomy, segmentectomy, non-anatomic resection.

Table 4. Comparative short-term recovery outcomes between the neoadjuvant group and primary resection group before and after matched 
groups

Variable

Before propensity score matching After propensity score matching

NAC (+) 
(n = 66)

NAC (–) 
(n = 363)

P-value
NAC (+) 
(n = 60)

NAC (–) 
(n = 60)

P-value

Operation time (min) 336 ± 112 297 ± 103 0.005 334 ± 112 312 ± 120 0.304

Transfusion 10 (15.2) 49 (13.5) 0.720 9 (15.0) 10 (16.7) 0.803

Time to soft diet (day) 2.9 ± 1.4 3.0 ± 1.2 0.852 2.8 ± 1.2 2.8 ± 1.0 0.869

Length of hospital stay (day) 14 ± 8 14 ± 8 0.993 14 ± 9 13 ± 7 0.687

Postoperative mortality ( < POD 30)a 0 (0) 2 (0.6) 0.546 0 (0) 0 (0) > 0.999

Postoperative morbidity 24 (36.4) 132 (36.4) > 0.999 22 (36.7) 23 (38.3) 0.850

   Bile leakage 2 (3.0) 9 (2.5) 0.680 2 (3.3) 4 (6.7) 0.402

   Surgical site infection 9 (13.6) 49 (13.5) 0.976 8 (13.3) 6 (10.0) 0.570

   Ileus 7 (10.6) 37 (10.2) 0.919 5 (8.3) 4 (6.7) 0.729

   Anastomotic leakage 2 (3.0) 19 (5.2) 0.755 2 (3.3) 3 (5.0) 0.648

   Intraabdominal fluid collection 4 (6.1) 21 (5.8) 0.930 4 (6.7) 4 (6.7) > 0.999

Intraabdominal bleeding 1 (1.5) 5 (1.4) 0.930 1 (1.7) 2 (3.3) 0.559

Values are presented as mean ± standard deviation or number (%).  
NAC, neoadjuvant chemotherapy; POD, postoperative day. 
aTwo patients died in the primary resection group because of (1) bowel ischemia and postoperative intraabdominal bleeding and (2) septic shock with anastomosis site 
leakage.
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Short-term recovery outcomes were compared among patients 
in the NAC group according to the number of cycles of NAC by 
dividing them into 2 groups (Table 5): one with no more than 4 
cycles of NAC and the other with more than 5 cycles of NAC. 
There was no significant difference between the 2 groups. 

Oncologic outcomes: overall and disease-free survival
Oncologic outcomes for matched patients are shown in Figs. 1, 2. 
There were no differences in 3-year overall survival rate between 
the NAC and primary resection groups before and after propen-
sity score matching (before propensity score matching: 81.7% vs. 
79.0%, P = 0.613; after propensity score matching: 81.0% vs. 

67.9%, P= 0.285). Postoperative 3-year disease-free survival rate 
was also not better in the NAC group than in the primary resec-
tion group before and after propensity score matching (before 
propensity score matching: 49.7% vs. 51.4%, P= 0.730; after pro-
pensity score matching: 49.1% vs. 55.7%, P= 0.738).

DISCUSSION

Although surgical resection is the standard treatment for 
CRCLM, only 15% to 20% of CRCLM patients present with re-
sectable hepatic metastases at the time of the diagnosis [5]. More-
over, 5-year survival of resectable CRCLM patients who receive 

Table 5. Comparative short-term recovery outcomes according to the cycles of NAC 

Variable

Before propensity score matching After propensity score matching

NAC ≤ 4 
(n = 28)

NAC > 5 
(n = 38)

P-value
NAC ≤ 4 
(n = 25)

NAC > 5 
(n = 35)

P-value

Operation time (min) 327 ± 113 342 ± 113 0.602 337 ± 114 332 ± 111 0.864

Transfusion 7 (25.0) 3 (7.9) 0.055 6 (24.0) 3 (8.6) 0.099

Time to soft diet (day) 3.2 ± 1.3 2.8 ± 1.4 0.222 2.9 ± 1.0 2.8 ± 1.4 0.650

Length of hospital stay (day) 15 ± 11 13 ± 6 0.274 14 ± 12 13 ± 6 0.283

Postoperative mortality ( < POD 30) 0 (0) 0 (0) > 0.999 0 (0) 0 (0) > 0.999

Postoperative morbidity 9 (32.1) 15 (39.5) 0.541 9 (36.0) 13 (37.1) 0.928

   Bile leakage 1 (3.6) 1 (2.6) 0.826 1 (4.0) 1 (2.9) 0.808

   Surgical site infection 3 (10.7) 6 (15.8) 0.722 3 (12.0) 5 (14.3) 0.797

   Ileus 1 (3.6) 6 (15.8) 0.111 1 (4.0) 4 (11.4) 0.305

   Anastomotic leakage 1 (3.6) 1 (2.6) 0.826 1 (4.0) 1 (2.9) 0.808

   Intraabdominal fluid collection 2 (7.1) 2 (5.3) 0.752 2 (8.0) 2 (5.7) 0.726

Intraabdominal bleeding 0 (0) 1 (2.6) 0.387 0 (0) 1 (2.9) 0.394

Values are presented as mean ± standard deviation or number (%). 
NAC, neoadjuvant chemotherapy; POD, postoperative day. 

Fig. 1. Three-year overall survival curves for the neoadjuvant chemotherapy (NAC) (+) and NAC (–) groups (A) before matching and (B) af-
ter matching.  

 20 40 60 80 100  20 40 60 80

Follow-up (mo) Follow-up (mo)

NAC (+) NAC (+)

NAC (–)

P= 0.613

NAC (–)

P = 0.285

1.0

0.8

0.6

0.4

0.2

0

1.0

0.8

0.6

0.4

0.2

0

3-
yr

 o
ve

ra
ll 

su
rv

iv
al

3-
yr

 o
ve

ra
ll 

su
rv

iv
al

A B



Annals of

Coloproctology

www.coloproctol.org

Clinical Outcomes of Neoadjuvant Chemotherapy in Colorectal Cancer Patients With Synchronous 
Resectable Liver Metastasis: A Propensity Score Matching Analysis

Sung Hae Park, et al.

250

surgical treatment reaches only 30% to 60% [6, 7]. Advances in 
surgical techniques, improved chemotherapy, and multidisci-
plinary discussions have recently made it possible to improve re-
sectability and survival of CRCLM [8].

The concept of resectability has changed over recent decades. 
Currently, CRCLM is defined as resectable when the following 
conditions are met: (1) the metastatic lesion can be resected com-
pletely with a negative margin, (2) 2 adjacent liver segments with 
intact vascular inflow and outflow as well as biliary drainage can 
be preserved after resection, and (3) sufficient future liver rem-
nant after resection [9, 10]. However, there is no consensus for 
CRCLM resectability criteria due to lack of randomized trials, ad-
vent of novel techniques such as ablative therapy, and portal vein 
embolization, among others. Some studies suggest risk-scoring 
systems for patient selection [11], but most multidisciplinary 
teams depend on clinical experience and local surgical expertise 
rather than those scoring systems [12]. 

Two multicenter randomized phase III trials have been per-
formed to evaluate the benefit of adjuvant chemotherapy after 
surgical treatment of CRCLM patients. However, both trials were 
terminated early and failed to show a statistically significant dif-
ference in overall survival because of slow accrual [13, 14]. Ac-
cording to the European Organisation for Research and Treat-
ment of Cancer (EORTC) Intergroup trial 40983 by Nordlinger et 
al. [15], perioperative FOLFOX4 (fluorouracil, leucovorin, oxali-
platin) chemotherapy decreased the recurrence rate by a quarter 
and was compatible with major surgery in patients with resectable 
CRCLM. Nordlinger et al. [16] continued analysis to compare the 
long-term overall survival in patients who underwent periopera-
tive chemotherapy with those who underwent surgery alone, but 
the study could not demonstrate a statistically significant differ-
ence in overall survival between the 2 groups. Also, whether NAC 
can improve the overall outcome of CRCLM patients is still con-
troversial.

One previous study demonstrated that NAC in patients with 
CRCLM did not improve overall survival or surgical resectability 
[17]. Therefore, they insisted that CRCLM patients should not 
routinely undergo NAC if the metastatic tumor is resectable. In 
another study, not all patients with resectable CRCLM received a 
survival benefit from NAC, but they found 4 independent prog-
nostic factors (e.g., a primary tumor at stage T4, ≥ 4 liver metasta-
ses, the size of metastatic tumor of ≥ 5 cm in diameter, and a se-
rum CEA level of ≥ 5 ng/mL) and showed that resectable 
CRCLM patients with more than 2 of those risk factors received a 
survival benefit from NAC [18].

In this study, short-term recovery and oncologic outcome of all 
CRCLM patients were compared between those who received 
NAC and those who did not use propensity score matching analy-
sis. More liver segments with multiple metastatic lesions were in-
volved in the NAC group and tended to receive major hepatec-
tomy. This shows that patients in the NAC group were likely to 
present with more advanced metastases. These might rather un-
derestimate the oncologic benefit of NAC. It is estimated that 
NAC made the lesions possible to be treated well by down-staging 
or down-sizing the lesions because the size of the primary tumor 
had decreased after 8 cycles of chemotherapy. Nevertheless, post-
operative morbidity after surgical treatment in the NAC group 
was not inferior to that of the primary resection group, which 
means that at least NAC does not increase postoperative compli-
cations. In addition, oncologic outcomes such as overall survival 
and disease-free survival were not different between the 2 groups 
and after propensity score matching. 

There are several limitations to this study. This was a retrospec-
tive study with a single-center design. Although we performed 
propensity score matching to minimize bias between the 2 
groups, inevitable selection bias still remained. Due to the lack of 
universal consensus for CRCLM resectability criteria, it was hard 
to evaluate resectability throughout patients in the neoadjuvant 

Fig. 2. Three-year disease-free survival curves for the neoadjuvant chemotherapy (NAC) (+) and NAC (–) groups (A) before matching and (B) 
after matching.
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group. In addition, patients in the NAC group had the relatively 
more advanced disease in general and many hemato-oncologists 
have recently tended to treat these patients with NAC prior to 
surgical treatment. 

Although it is based on retrospective single-center data, this 
study is meaningful because a considerably large number of pa-
tients were analyzed using propensity score matching analysis. 
The criteria of liver resectability for CRCLM in our institution 
mostly follow a general definition. If it is technically possible and 
the function of remnant liver after resection is sufficient, surgical 
resection is performed. Since we fully acknowledged that resect-
ability can be affected by a physician’s technical skills, only the 
cases discussed by the multidisciplinary team involving the same 
hepatobiliary team were included in this study to minimize selec-
tion bias. Patients treated with more than 8 cycles of chemother-
apy were excluded in order to exclude initially unresectable cases 
that converted to resectable cases due to NAC. 

In our institution, chemotherapy is the first treatment of choice 
for locally advanced rectal cancer patients with distant metastasis. 
For those patients with resectable liver metastasis, short-term ra-
diotherapy is mostly performed before or after NAC, and the 
usual regimen of radiotherapy can be changed in these cases. 
Therefore, we decided to exclude those cases in order to eliminate 
the biased outcome that may result from radiotherapy. 

In conclusion, NAC did not significantly decrease short-term 
recovery and oncologic outcomes in advanced CRCLM patients. 
From these results, we carefully concluded that NAC before surgi-
cal treatment can be considered in advanced resectable CRCLM 
patients. 

For further evaluation, we need universal consensus for resect-
ability criteria of CRCLM and require study of the prognosis of 
NAC on CRCLM patients before surgical resection according to 
their resectability. In addition, randomized controlled trials are 
necessary to reduce selection bias, although they will be difficult 
due to ethical issues. 
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