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Abstract
Background Postoperative chemotherapy for treating colorectal liver metastasis (CLM) has been introduced with the aim of
improving therapeutic outcomes. However, there is no consensus on the utility of multidisciplinary treatments with postoperative
chemotherapy. Therefore, we evaluated surgical outcomes in patients with CLMs who underwent hepatectomy, while focusing
on the effects of post-hepatectomy chemotherapy on remnant liver regeneration.
Methods Two hundred ninety patients who underwent hepatectomy were retrospectively analyzed using propensity score
matching. Postoperative outcomes were evaluated with a focus on the effects of post-hepatectomy chemotherapy on regeneration
of the remnant liver in patients with CLM. The remnant liver volumes (RLVs) were measured postoperatively using multi-
detector computed tomography on day 7 and months 1, 2, 5, and 12 after the operation.
Results RLV regeneration and postoperative blood laboratory data did not differ significantly between patients who received
postoperative chemotherapy and those who did not receive postoperative chemotherapy immediately after surgery or at any time
point from postoperative day 7 to postoperative month 12. The recurrence rates, including same and other segmental intrahepatic
recurrences, as well as the resection frequency of the remnant liver were not significantly different between the two groups.
Conclusion Postoperative chemotherapy may be of small significance for patients with CLM in terms of the remnant liver
volume regeneration and functional recovery.
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Introduction

Colorectal cancer (CRC) is often accompanied by distant me-
tastases and recurrences affecting the liver. Curative resection

is not indicated for liver metastases resulting from many other
types of primary carcinomas. In the case of CRC, however,
curative resection can be often performed even when it is
accompanied by liver metastases, and therapeutic strategies
for these liver metastases largely determine the outcome of
CRC.

Therapeutic options for colorectal liver metastasis
(CLM) include hepatectomy, chemotherapy, hepatic artery
embolization, and thermal ablations including microwave
coagulation therapy (MCT) and radiofrequency ablation
(RFA). Among these options, hepatectomy is recommend-
ed because it is currently the most reliable therapy.
However, recurrences have been reported to occur in 57
to 78% of patients who underwent hepatectomy. The rem-
nant liver is the most frequent location for recurrences,
occurring in about half of these patients.1–5
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Consequently, various postoperative chemotherapy regi-
mens that include molecular-targeted drugs have been intro-
duced with the aim of improving therapeutic outcomes. An
increasing number of studies have reported that these adjuvant
chemotherapy regimens substantially improved survival
prognosis.6,7 However, few studies have investigated in detail
the impact of these postoperative chemotherapy regimens on
remnant liver regeneration and any other relevant factors. In
this study, we evaluated surgical outcomes in patients with
CLMs who underwent hepatectomy, while focusing on the
effects of post-hepatectomy chemotherapy on remnant liver
regeneration.

Materials and Methods

Patient Population and Selection

Between January 23, 2009 and May 31, 2017, 290 con-
secutive patients underwent hepatic resection for CLM at
Osaka Medical College Hospital in Takatsuki City, Japan.
The medical records of these patients were retrospectively
analyzed. Patients with an associated biliary-enteric anas-
tomosis and gastrointestinal procedures were excluded
from the study.

The preoperative workup consisted of a specified
protocol including blood tests, abdominal ultrasound,
mul t i -de tec to r computed tomography (MDCT)
scanning, magnetic resonance imaging (MRI), and
fluorodeoxyglucose-positron emission tomography
(FDG-PET). Hepatic function was evaluated using the
Child-Pugh classification8 of liver dysfunction.
Unenhanced computed tomography (CT) images were
used as inputs into the Volume Analyzer SYNAPSE
VINCENT image analysis system (Fujifilm Medical,
Tokyo, Japan) to quantify the body composition index.
The total psoas major muscle volume (cm3/m2) and the
area of the psoas major muscle at L3 (cm2/m2) were
obtained for analysis. Liver volumetry was estimated
using Synapse Vincent (Fujifilm, Tokyo, Japan) and
MDCT.

Patients who underwent additional therapy, such as
repeat hepatic resection or radiofrequency ablation dur-
ing the six postoperative months were also excluded.
Ultimately, 290 patients who underwent hepatic resec-
tion and liver volumetry at four time points were in-
cluded in our study.

Postoperative Chemotherapy

The postoperative chemotherapy regimens were determined at
the time of surgery by the oncologists belonging to the
Internal Medicine Department, based on the clinical

guidelines.6,9 The postoperative chemotherapy regimens were
oxaliplatin-based in 45 subjects, 5-FU-based in 40 subjects,
capecitabin in 4 subjects, and others in 2 subjects. The median
number of treatment cycles was 6 (range 4–18). The standard
period between the completion of chemotherapy and surgery
was set at 4–6 weeks.10

Liver Volume Measurements

Three hepatobiliary surgeons with expertise in performing
abdominal CT (YI, KF, and KU) traced the contours of the
total liver. The Volume Analyzer SYNAPSE VINCENT im-
age analysis system automatically calculated an approximate
total liver volume (TLV) from preoperative CT scans. The
remnant liver volumes (RLV) were postoperatively measured
using MDCT at day 7 and months 1, 2, 5, and 12 after the
operation. We calculated the following values: (a) the RLVat
day 0 after operation, calculated as (TLV + tumor volume) −
resected liver volume, and (b) the regeneration rate, calculated
as (RLVat day 7 and at 1, 2, 5, and 12 months / TLV) × 100.11

Surgical Procedure

Details of the surgical technique routinely used in our depart-
ment have been described previously.12–14 Briefly, a standard
diagnostic and staging laparotomy was conducted. The liver
was mobilized, and intraoperative ultrasonography was rou-
tinely performed. Parenchymal transection was achieved
using the Sonop 5000 ultrasonic dissector (Hitachi Aloka
Medical, Ltd., Tokyo, Japan). Small vessels were ligated or
coagulated using a soft-coagulation system or bipolar electro-
cautery. Intraparenchymal control of major vessels was ac-
complished using non-absorbable sutures, whereas biliary
and vascular vessels were ligated with stapling devices or
non-absorbable sutures. The hepatic pedicle was always iso-
lated to enable performance of the Pringle maneuver when
required. Intermittent clamping was applied using 15-min
clamping and 5-min release periods. The surgical margin
was confirmed using intraoperative ultrasonography to obtain
a surgical margin of 2–10 mm when possible.

Definitions

Operative procedures were classified according to conven-
tional terminology derived from the eight segments of the
liver per the Couinaud classification.15 Anatomical resection
was defined as resection of the neoplasm with the portal vein
related to the neoplasm and the surrounding hepatic territory.
Non-anatomical resection was defined as the resection of a
lesion without regard to segmental, sectional, or lobar anato-
my. Major hepatectomy was defined as resection of three or
more liver segments according to the Brisbane 2000 system.16
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Complications were stratified according to the Clavien-
Dindo classification of surgical complications.17,18

Postoperative bile leakage and post-hepatectomy liver failure
were defined based on the criteria of the International Study
Group of Liver Surgery.19,20 We defined massive ascites as
ascites that could not be mobilized, or as that which could not
be satisfactorily prevented with medical therapy.21 The R clas-
sification denoted the absence or presence of residual tumor
after surgery.22

Patient Follow-up

Patients were closely followed until November 1, 2017. They
were examined for CLM recurrence using ultrasonography
and contrast-enhanced CT on postoperative day 7; months 1,
2, 5, and 12; and every 6–12 months thereafter. Blood tests
including carcinoembryonic antigen and carbohydrate antigen
19–9 were performed at 1–2 months after discharge and every
2–3 months thereafter. When recurrence was suspected,
contrast-enhanced CT and/or MRI were performed to assess
the occurrence of new lesions in the remnant liver. Systemic
recurrence was evaluated by chest and pelvic CT, FDG-PET,
or gallium scintigraphy. Recurrence was defined as intra- and/
or extrahepatic recurrence of colorectal cancer and was diag-
nosed when at least two imaging studies confirmed new le-
sions showing typical features of colorectal cancer/CLM.
Recurrence-free survival (RFS) was defined as the interval
between hepatectomy and the first occurrence of recurrent
lesion(s).

Statistical Analysis

To minimize the influence of potential confounders on selec-
tion bias, propensity scores were generated using binary lo-
gistic regression which included the following variables: age,
sex, body mass index (BMI), diabetes mellitus, hepatitis viral
infection, largest tumor size, tumor number, bilobar distribu-
tion, albumin, total bilirubin, prothrombin time or platelet
count, and preoperative chemotherapy. The choice of these
variables was based on the univariate analysis results and/or
the known influence of specific factors on the selection of the
intervention type. Independent variables entered into the pro-
pensity model included the patients’ preoperative information.
One-to-one matching between groups was accomplished
using the nearest-neighbor matching method, which was per-
formed without replacement and using a caliper width of 0.2
standard deviations of the logit of the estimated propensity
score. After propensity score matching (PSM), the two
matched groups were handled as unpaired independent
groups. Continuous variables were expressed as medians ±
standard deviation. Univariate analysis results were compared
using the Student’s t and χ2 tests, Mann-Whitney U test,
Wilcoxon signed-rank test, or Fisher’s exact test, as

appropriate. Factors that were found to be significant in the
univariate analysis were subjected to multivariate logistic re-
gression analysis to determine the adjusted odds ratios.
Actuarial overall survival (OS) rates and RFS rates were cal-
culated using the Kaplan-Meier method, and were compared
using the log-rank test (univariate analysis) or Cox proportion-
al hazards regression (multivariate analysis). Values of
p < 0.05 were considered significant. All statistical analyses
were performed using JMP version 12 (SAS Institute, Inc.,
Cary, NC, USA).

Results

Patient Demographics

A group of patients who received postoperative chemo-
therapy (n = 91) was compared to a group of patients who
did not receive postoperative chemotherapy (n = 199). The
patient demographics for each group are shown in
Table 1. The median follow-up period was 27 months.
PSM was used to reduce the bias in the distribution of
demographic factors. After PSM, 80 patients each in the
2 groups were detected. After PSM, no statistical differ-
ences were found between the two groups with regard to
patient demographic factors and postoperative course
(Table 2).

Changes in Liver Volume

Perioperative changes in hepatic volume are as shown in
Table 3. The postoperative chemotherapy group did not differ
significantly from the group that did not receive postoperative
chemotherapy with respect to RLV determined immediately
after surgery (postoperative day 0). Similar results were noted
at all time points during the period from postoperative day 7 to
postoperative month 12. The groups did not differ significant-
ly from each other in post-PSM changes in hepatic volume, as
seen in the liver regeneration rates.

The median liver regeneration rates in the oxaliplatin-based
chemotherapy group were 91.6, 100.9, 85.9, 99.2, 95.7, and
98.0% at day 0, 7 and months 1, 2, 5, and 12 after the opera-
tion. These liver regeneration rates in the 5-FU-based chemo-
therapy group were 84.7, 83.2, 87.2, 94.7, 93.0, and 98.1%.
There were no significant difference between the two different
chemotherapy groups (p = 0.613, 0.741, 0.632, 0.867, 0.592,
and 0.778, respectively).

Postoperative Changes of Laboratory Data

Postoperative blood chemistry tests revealed no significant
differences between the two groups in changes over time in
total bilirubin, albumin, prothrombin time, or platelet count on
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postoperative days 1, 2, 4, 7, 14, and months 1, 2, 5, and 12.
Post-PSM changes also showed no differences (Fig. 1). One
month after surgery, all laboratory data returned to nearly nor-
mal values.

Prognosis for 1-, 2-, 3-, and 5-Year OS and RFS

The 1-, 2-, 3-, and 5-year OS rates for all patients were 94.5,
87.2, 81.0, and 73.7%, respectively, with a median survival

Table 1 Preoperative clinical and
laboratory patient data Postoperative

chemotherapy group
Non-postoperative
chemotherapy group

p value

Before PSM N = 91 N = 199

Age (years) 63 (28–79) 68 (33–89) < 0.001*

Sex (M / F) 52 / 39 114 / 85 1.000

BMI, kg/m2 22.3 (16.1–31.5) 22.5 (15.4–32.1) 0.432

Size of largest tumors, cm 2.5 (0.7–14.8) 2.5 (0.5–16.7) 0.776

Number of lesion 1 (1–24) 1 (1–18) 0.506

Bilobar distribution 31 (34.1%a) 47 (23.6% a) 0.066

Synchronous metastasis 50 (55.0% a) 96 (48.5% a) 0.314

Serum albumin, g/dL 4.2 (2.9–4.9) 4.0 (2.5–5.0) 0.003*

Serum total bilirubin, mg/dL 0.6 (0.2–1.3) 0.5 (0.2–2.2) 0.025*

Prothrombin time, % 110 (52–148) 107 (26–150) 0.344

Platelet count, ×104/μL 22.8 (10.4–52.5) 21.0 (8.7–49.1) 0.084

Child-Pugh classification, A 91 (100.0%a) 198 (99.5%a) 1.000

PNI 50.0 (38.4–53.1) 46.3 (32.3–61.0) 0.664

Hepatitis viral infection, % 9 (9.9%a) 38 (19.1%a) 0.059

Psoas major muscle volume, cm3/m2 319.0 (133.8–400.6) 232.5 (122.9–579.7) 0.829

Psoas major muscle area at L3, cm2/m2 20.8 (9.6–25.7) 14.9 (8.6–35.0) 0.534

Total liver volume, cm3 1139 (750–1735) 1126 (630–2143) 0.499

Preoperative chemotherapy 32 (35.2%a) 55 (27.6%a) 0.215

After PSM N = 80 N = 80

Age (years) 64 (28–79) 64 (33–87) 0.893

Sex (M / F) 45 / 35 42 / 38 0.634

BMI, kg/m2 22.3 (16.1–31.5) 21.9 (15.4–30.5) 0.839

Size of largest tumors, cm 2.5 (0.7–14.8) 2.5 (0.5–16.7) 0.680

Number of lesion 1 (1–24) 1 (1–12) 0.424

Bilobar distribution 25 (31.3%a) 17 (21.3%a) 0.208

Synchronous metastasis 43 (53.8%a) 41 (51.9%a) 0.874

Serum albumin, g/dL 4.2 (2.9–4.9) 4.1 (3.2–5.0) 0.480

Serum total bilirubin, mg/dL 0.6 (0.2–1.3) 0.5 (0.2–2.2) 0.861

Prothrombin time, % 110 (52–148) 107 (54–150) 0.989

Platelet count, ×104/μL 21.8 (10.4–52.5) 22.3 (8.9–37.0) 0.738

Child-Pugh classification, A 80 (100.0%a) 80 (100.0%a) 1.000

PNI 50.0 (38.4–53.1) 47.9 (41.9–61.0) 0.451

Hepatitis viral infection, % 9 (11.3%a) 9 (11.3%a) 1.000

Psoas major muscle volume, cm3/m2 319.0 (133.8–400.6) 231.8 (122.9–579.7) 0.724

Psoas major muscle area at L3, cm2/m2 20.8 (9.6–25.7) 16.9 (8.8–35.0) 0.915

Total liver volume, cm3 1145 (750–1657) 1079 (630–2143) 0.432

Preoperative chemotherapy 30 (37.5%a) 27 (33.8%a) 0.741

Data was presented as median (range)

PSM propensity scores matching, BMI body mass index, PNI prognostic nutritional index, ICGR-15 indocyanine
green retention rate at 15 min

*p < 0.05
a Percentage (%) of the group
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Table 2 Outcomes of hepatic resection surgery

Postoperative chemotherapy group Non-postoperative chemotherapy group p value

Before PSM N = 91 N = 199

Hepatic resection 0.818

Parenchymal-sparing 59 (64.8%) 136 (68.3%)

Sectionectomy 17 (18.7%) 35 (17.6%)

Lobectomy 15 (16.5%a) 28 (14.1%)

Operative time (min) 230 (85–520) 223 (43–765) 0.692

Resected liver volume (g) 100 (3–900) 125 (2–1380) 0.438

Remnant liver volume (%) 91.8 (40.1–99.7) 87.8 (27.3–99.8) 0.285

Blood loss (mL) 200 (0–3460) 210 (0–5040) 0.805

Blood transfusion, % 18 (19.8%a) 38 (19.1%a) 0.874

Surgical margin, (mm) 7 (0–30) 4 (0–29) 0.541

Curative resection, R0 (%) 81 (89.0%a) 160 (80.4%a) 0.060

Complication

Superficial incisional SSI 7 (7.7%a) 5 (2.5%a) 0.055

Deep incisional SSI 4 (4.4%a) 2 (1.0%a) 0.080

Organ/Space SSI 9 (9.9%a) 25 (12.6%a) 0.562

Bile leakage 3 (3.3%a) 12 (6.0%a) 0.404

PHLF 0 (0%a) 2 (1.0%a) 1.000

Ascites 4 (4.4%a) 16 (8.0%a) 0.324

Clavien-Dindo classification > IIIa 19 (20.9%a) 41 (20.6%a) 1.000

Mortality 0 (0%a) 2 (1.0%a) 1.000

Postoperative hospital stay (days) 11 (4–89) 12 (5–173) 0.148

Recurrence 58 (63.7%) 116 (58.3%) 0.243

Liver 38 (75.0%) 82 (69.8%) 0.487

Same segment recurrence 6 (15.8%) 12 (14.5%) 0.849

Other segments 32 (84.2%) 71 (85.5%)

Lung 26 (44.8%) 36 (31.0%) 0.075

Only other sites 16 (27.6%) 30 (25.9%) 0.808

Multiple organ 18 (31.0%) 28 (24.1%) 0.331

Recurrence within 1 year 40 (69.0%) 86 (74.1%) 0.795

Recurrence within 2 years 50 (86.2%) 109 (94.0%) 0.796

Recurrence within 3 years 53 (91.4%) 114 (98.3%) 0.687

Repeat hepatectomy 22 (57.9%) 46 (56.1%) 0.682

After PSM N = 80 N = 80

Hepatic resection 0.806

Parenchymal-sparing 54 (67.5% a) 52 (65.0% a)

Sectionectomy 15 (18.8% a) 14 (17.5% a)

Lobectomy 11 (13.8% a) 14 (17.5% a)

Operative time (min) 224 (60–515) 231 (74–601) 0.306

Resected liver volume (g) 100 (3–900) 110 (2–1380) 0.508

Remnant liver volume (%) 89.9 (40.1–99.7) 89.4 (42.3–99.5) 0.679

Blood loss (mL) 200 (0–3460) 208 (0–1770) 0.852

Blood transfusion, % 15 (18.8%a) 7 (8.8%a) 0.107

Surgical margin, (mm) 7 (0–30) 5 (0–20) 0.126

Curative resection, R0 (%) 81 (89.0%a) 81 (89.0%a) 1.000

Complication

Superficial incisional SSI 5 (6.3%a) 2 (2.5%a) 0.443

Deep incisional SSI 3 (3.8%a) 1 (1.3%a) 0.620

Organ/Space SSI 8 (10.0%a) 9 (11.3%a) 1.000
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Table 3 Assessment of remnant
liver volume rate Postoperative chemotherapy

group
Non-postoperative chemotherapy
group

p
value

Before PSM N = 91 N = 199

TLV before operation,
cm3

1139 (750–1735) 1126 (630–2143) 0.499

At day 0 after operation,
%

91.8 (40.1–99.7) 87.8 (27.3–99.8) 0.285

At day 7, % 100.0 (45.5–120.8) 95.1 (45.6–168.0) 0.887

At month 1, % 86.5 (71.4–112.3) 89.6 (58.1–120.1) 0.966

At month 2, % 96.7 (76.7–133.7) 93.9 (52.6–133.4) 0.308

At month 5, % 93.7 (73.4–122.0) 96.2 (61.7–128.0) 0.925

At month 12, % 97.9 (71.4–143.6) 96.0 (64.7–145.5) 0.784

After PSM N = 80 N = 80

TLV before operation,
cm3

1145 (750–1657) 1079 (630–2143) 0.432

At day 0 after operation,
%

89.9 (40.1–99.7) 89.4 (42.3–99.5) 0.679

At day 7, % 92.6 (45.5–119.9) 96.0 (45.6–168.0) 0.437

At month 1, % 86.5 (71.4–112.3) 86.8 (73.4–107.7) 0.959

At month 2, % 96.7 (76.7–133.7) 91.8 (52.6–133.4) 0.571

At month 5, % 93.7 (73.4–122.0) 94.0 (61.7–114.8) 0.336

At month 12, % 96.8 (75.5–143.6) 94.6 (64.7–145.5) 0.850

Data was presented as median (range)

TLV total liver volume, PSM propensity score matching

Table 2 (continued)

Postoperative chemotherapy group Non-postoperative chemotherapy group p value

Bile leakage 2 (2.5%a) 5 (6.3%a) 0.443

PHLF 0 (0%a) 0 (0%a) –

Ascites 3 (3.8%a) 8 (90.0%a) 0.210

Clavien-Dindo classification > IIIa 16 (20.0%a) 19 (23.8%a) 0.703

Mortality 0 (0%a) 0 (0%a) –

Postoperative hospital stay (days) 11 (4–89) 11 (5–57) 0.748

Recurrence 51 (63.8%) 50 (62.5%) 0.618

Liver 34 (66.7%) 34 (68.0%) 0.886

Same segment recurrence 5 (14.7%) 7 (20.6%) 0.525

Other segments 29 (85.3%) 27 (79.4%)

Lung 24 (47.1%) 17 (34.0%) 0.182

Only other sites 14 (27.5%) 14 (27.5%) 0.951

Multiple organ 17 (33.3%) 12 (24.0%) 0.300

Recurrence within 1 year 35 (68.6%) 31 (62.0%) 0.391

Recurrence within 2 years 44 (86.3%) 47 (94.0%) 0.840

Recurrence within 3 years 46 (90.2%) 49 (98.0%) 0.848

Repeat hepatectomy 16 (47.1%) 21 (61.8%) 0.293

Data was presented as median (range)

PSM propensity scores matching, SSI surgical site infection, PHLF post-hepatectomy liver failure

*p < 0.05
a Percentage (%) of the group
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time (MST) of 27 months. The 1-, 2-, 3-, and 5-year RFS rates
for all patients were 49.9, 37.9, 33.1, and 27.0%, respectively.
There was no significant difference between the postoperative
chemotherapy group and the group that did not receive post-
operative chemotherapy in OS or RFS rates after hepatic re-
section (p = 0.770 and 0.903) (Fig. 2).

Comparisons between initial hepatectomy and repeat hep-
atectomy for recurrent carcinomas in the liver also revealed no
differences between the two groups in 1-, 2-, 3-, and 5-year
OS and RFS rates (p = 0.613 and 0.498) (Fig. 3).

Recurrences After Hepatectomy

Within 1, 2, and 3 years of hepatectomy, recurrences occurred
in 72.4, 91.4, and 96.0% of all patients with recurrences, re-
spectively. The recurrence rates did not significantly differ
between the postoperative chemotherapy group and the group
that did not receive postoperative chemotherapy (Table 2).
The frequencies of remnant liver hepatectomy for cases of
recurrence in these periods did not significantly differ between
the groups (p = 0.293).

Discussion

Many clinical studies have been conducted to evaluate the
various postoperative adjuvant chemotherapy regimens in
patients with CRC.23,24 Randomized studies performed in
European and North American countries investigated the
additive effects of oxaliplatin (OX) (FOLFOX or
CapeOX) combined with 5-FU + LV in the inhibition of
recurrence and improving OS. These findings in these
studies indicated that postoperative adjuvant chemothera-
py is useful in stage III CRC.25,26 However, the pros and
cons of postoperative adjuvant chemotherapy in stage IV
CRC, which is more advanced and associated with higher
risks of recurrence, are still controversial.

Several clinical studies have been carried out to investigate
the effects of perioperative chemotherapy regimens in the in-
hibition recurrence in patients with stage IV CRC. Some of
them compared hepatectomy alone to hepatectomy in combi-
nation with postoperative 5-FU/LV therapy,6 and one of them
was a pooled analysis including the ENG Study.7 These stud-
ies demonstrated that in postoperative chemotherapy arms,

Fig. 1 Postoperative changes in laboratory data. Postoperative total bilirubin (a), serum albumin (b), platelet count (c), and prothrombin time (d) in
patients after hepatectomy (the postoperative chemotherapy group and the group that did not receive postoperative chemotherapy)
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RFS was prolonged but OS did not change. The reports pub-
lished so far are concerned with comparisons of outcomes
indicated by OS or RFS, whereas the effects of postoperative
chemotherapy on the body, including those on remnant liver
generation, have rarely been investigated. Under the circum-
stances in which postoperative chemotherapy is not proven to
be beneficial, it is questionable whether it should really be
recommended.

Due to recent technical advancements in MDCT, pre-
operative simulations using 3D-CT have been rapidly
spreading in the area of hepatectomy. In the case of major
hepatectomy in particular, it is extremely important to

accurately predict the postoperative RLV for the purposes
of preventing serious complications such as post-
hepatectomy liver failure. In this study, the authors used
three-dimensional image processing technology to deter-
mine the RLV and remnant liver function over time. This
is the basis on which we primarily evaluated the effects of
postoperative chemotherapy on remnant liver in CLM.
Our study results indicated that at all time points during
the postoperative follow-up period, irrespective of wheth-
er or not postoperative chemotherapy was administered,
no differences were noted in recovery rates of RLV or
postoperative blood laboratory data. Adequate remnant

Fig. 2 Surgical outcomes aOS, b
RFS. There was no significant
difference between the
postoperative chemotherapy
group and the group that did not
receive postoperative
chemotherapy in OS or RFS rates
after hepatic resection (p = 0.770
and 0.903). OS overall survival,
RFS recurrence-free survival
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liver regeneration was achieved. None of the patients in
our study gave credence to the idea that postoperative
chemotherapy would inhibit the progress of remnant liver
regeneration, leading to insufficient RLV the impractica-
bility of conducting repeat hepatectomy for intrahepatic
recurrence. The RLV and remnant liver function in our
patients were sufficient for conducting second-line thera-
pies including repeat hepatectomy and chemotherapy.
These findings are extremely important. In this study,
120 (41.4%) of the 290 patients were recurrent in remnant
liver. Sixty-eight (56.7%) patients of intrahepatic recur-
rences underwent repeat hepatectomy, and the rates of
repeat hepatectomy were similar irrespective of whether

postoperative chemotherapy was performed. The effects
of hepatic resection are similar between patients undergo-
ing repeat hepatectomy and initial hepatectomy.
Therefore, repeat hepatectomy is highly likely to be nec-
essary for CLM causing frequent recurrences in remnant
liver. Considering the future repeat hepatectomies, it is
extremely important to develop a long-term treatment
strategy focused on recurrence and adequately preserving
the regenerated remnant liver.

The authors previously reported that preoperative chemo-
therapy also had limitations in its effectiveness.27 In light of
these results, pre- and postoperative chemotherapy may not
have an effect on remnant liver regeneration.

Fig. 3 Surgical outcomes aOS, b
RFS after initial and repeat
hepatectomy. There was no
significant difference between
initial hepatectomy and repeat
hepatectomy as to recurrences in
the remnant liver in OS or RFS
rates after hepatic resection (p =
0.613 and 0.498). OS overall
survival, RFS recurrence-free
survival
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This study has the following limitations among others: our
postoperative chemotherapy regimens were not standardized;
the number of patients included was small; the study popula-
tion was heterogenous; and the length of the follow-up period
was short. We cannot say that the level of evidence obtained
from this study is high. Further investigation with accumulat-
ed cases, including randomized controlled trials and meta-
analyses, will be required.

In conclusion, postoperative chemotherapy for CLM was
not inferior with respect to liver volume regeneration and
functional recovery. These findings may indicate that
conducting postoperative chemotherapy may be of small sig-
nificance for remnant liver regeneration.
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