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Objective: To investigate the functional liver regeneration after chemotherapy and liver

resection for colorectal liver metastases (CRLM).

Background/Purpose: Preoperative chemotherapy followed by liver resection for CRLM

has been increasing; however, its negative impact on liver regeneration remains unknown.

Methods: From January 2009 to December 2013, we enrolled 40 selected patients who

underwent major hepatectomy without viral hepatitis and severe liver fibrosis. CRLM

patients with preoperative chemotherapy (CT-CRLM group, n ¼ 12) and patients without

preoperative chemotherapy (control group, n¼ 28) were evaluated. Liver volume (LV) and

functional liver volume (FLV) was assessed using Tc-99m–labeled galactosyl human serum

albumin (99mTc-GSA) scintigraphy, single-photon emission computed tomography

(SPECT), CT-fused images. Preoperative, future remnant liver, and post 1-month values

were compared.
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Results: Median course of preoperative chemotherapy was 8 (range: 6–16). Preoperative

background factors were almost identical including resection rate and functional resection

rate. In the CT-CRLM group and in the control group, the percentage increases in LV were

39.3% 6 29.0% and 23.2% 6 23.5% (P¼ 0.037), and FLV were 79.4% 6 43.1% and 57.0% 6

33.4% (P¼ 0.417), respectively; absolute differences in LV were 216.2 6 155.7 cm3 and 148.7

6 134.7 cm3 (P¼ 0.086) and FLV were 19.4% 6 8.5%/m2 and 17.4% 6 7.9%/m2 (P¼ 0.235),

respectively. We found no obvious tendency for negative influence on liver functional

regeneration by the preoperative regimens for CRLM.

Conclusions: Several courses of preoperative chemotherapy may not affect functional liver

regeneration for CRLM patients after major hepatectomy.

Key words: Preoperative chemotherapy – Liver resection – Colorectal liver metastases –
Functional liver regeneration – Tc-99m–labeled galactosyl human serum albumin
scintigraphy – Single photon emission computed tomography – CT-fused images

Liver resection is the only curative treatment for
colorectal liver metastases (CRLM); however,

the number of patients who receive preoperative
chemotherapy has been increasing because of the
high recurrence rate following hepatectomy.1,2 Ox-
aliplatin (OX)-based chemotherapy for colorectal
cancer can extend the indications for the resection of
CRLM3,4; however, it may induce sinusoidal ob-
struction in the surrounding liver parenchyma with
an increase in the risk of reduced-liver regeneration
after hepatectomy.5 In a rat model, the presence of
sinusoidal obstruction definitely impaired liver
regeneration.6 Bevacizumab is a monoclonal hu-
manized antibody to vascular endothelial growth
factor (VEGF) that endows a survival benefit for
patients with metastatic colorectal cancer7 and has
been increasingly used in combination with chemo-
therapy before liver resection. Previous studies have
demonstrated that bevacizumab may prevent sinu-
soidal obstruction in patients treated with OX-based
chemotherapy for CRLM.8–10

Functional liver regeneration is a useful predic-
tor of the postoperative course.11 Poor liver
regeneration is closely associated with morbidity
or mortality after liver resection. Functional liver
regeneration is influenced by the degree of liver
fibrosis and functional resected volume.11–13 More-
over, other preoperative factors including age, sex,
nutrition status, platelet count, and comorbidities
(e.g., viral hepatitis) can affect the degree of liver
regeneration.14–18 Functional liver regeneration
can be correctly assessed by Tc-99m–labeled galac-
tosyl human serum albumin (99mTc-GSA) scintig-
raphy, s ingle-photon emission computed
tomography (SPECT), CT-fused images.11 Func-
tional assessment of the future remnant liver is

performed to identify the patients eligible for safe

and curative hepatectomy, despite being given a

marginal status based on conventional volumetric

assessment.19

The present study aimed to clarify the influence

of preoperative chemotherapy and molecular-tar-

geted therapy on functional liver regeneration in

CRLM patients after major hepatectomy.

Materials and Methods

From January 2009 to December 2013, we enrolled

40 patients who underwent major hepatectomy

and functional assessment of the future remnant

liver at Kumamoto University Hospital’s Depart-

ment of Gastroenterological Surgery. Major hepa-

tectomy was defined as the resection of �3 liver

segments, according to the International Hepato-

Pancreato-Biliary Association.20 Low-grade liver

fibrosis was defined as F0 or F1 of pathologic

fibrosis staging in the Inuyama classification.21

Viral hepatitis was defined as positive test results

for the hepatitis B surface antigen or anti-hepatitis

C virus antibody. All procedures involving human

participants were conducted in accordance with

the ethical standards of the institutional and/or

national research committee and the 1964 Decla-

ration of Helsinki and its later amendments or

comparable ethical standards. The Institutional

Review Board of the Graduate School of Life

Sciences, Kumamoto University, approved this

study (approval number: 717; December 25,

2007). Informed consent was obtained from all

the participants in the study.
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Volumetric and functional volumetric assessment

According to our previous reports,11,22–24 we ap-
plied a SPECT/CT system consisting of a dual-head
SPECT camera and a 16-row multisection CT
scanner (Symbia T16, Siemens Healthcare, Erlangen,
Germany) for scintigraphy and CT imaging, respec-
tively. After the completion of dynamic scintigrams
and static SPECT images, contrast-enhanced CT was
obtained. Briefly, SPECT and CT images were fused
using a dedicated workstation (Ziostation2, ZIO-
SOFT, Tokyo, Japan). The total liver volumes,
excluding tumor and future remnant liver volumes,
were determined using the contrast-enhanced CT
images. Percent remnant liver volume (%LV) was
expressed as a percentage of the total liver volume.
From the 99mTc-GSA SPECT/CT fused images, we
calculated liver uptake value (LUV) as a quantita-
tive liver functional index11,23 for the whole liver
and future remnant liver. The percent remnant
functional liver volume (%FLV) was calculated as
LUV of the future remnant liver/ LUV of the whole
liver 3 100. The 99mTc-GSA SPECT/CT fused images
were obtained within 2 weeks prior to liver resection
and at 1 month later.

Hepatic resection

The type of hepatectomy was selected based on the
size, number, and location of the tumor; extent of
vascular invasion; %LV; %FLV; and the patients’ age
or general condition, as described previously.19,25 To
reduce the intraoperative blood loss, we generally
used the precoagulation technique, Pringle’s ma-
neuver, or hanging maneuver.26 Laparoscopic liver
resections were accepted for the patients with
CRLM and the other tumors.27,28

Statistical Analysis

Values were expressed as median (range) or mean 6

standard deviation as required. Median and mean
values were estimated using the Wilcoxon or
Kruskal–Wallis test, Pearson test, and Student’s t-
test. For statistical analysis, we used a statistical
software package (JMP, version 9, SAS Institute,
Cary, North Carolina). A value of P ,0.05 was
considered statistically significant.

Results

A total of 40 patients underwent major resection and
were divided into 2 groups: CRLM with preopera-

tive chemotherapy (CT-CRLM; n¼ 12) and a control
group without preoperative chemotherapy (n¼ 28).
All the CT-CRLM patients who underwent major
hepatectomy exhibited low-grade fibrosis (F0 or F1
according to the Inuyama criteria)21 in the back-
ground liver and no viral hepatitis. Chemotherapy-
naı̈ve CRLM patients were the best candidates as a
control group; however, the number of major
hepatectomies among patients who received up-
front hepatectomy for CRLM was small. Therefore,
as a control group, we selected 28 patients from our
database who underwent major hepatectomy with-
out preoperative chemotherapy and did not have
severe fibrosis and viral hepatitis. The pathologic
diagnoses were CRLM (n ¼ 15); hepatocellular
carcinoma (n ¼ 9); intrahepatic cholangiocarcinoma
(n¼7); bile duct carcinoma (n¼4); and other tumors
(n ¼ 5). Patient characteristics are summarized in
Table 1. All the background factors were identical,
with the exception of total bilirubin levels and
platelet counts; however, the median values were
within the normal range for both the groups.

Serial changes in liver volume and functional liver
volume

Serial changes in the volume and functional volume
of the preoperative total liver, future remnant liver,
and post 1-month liver measurements are displayed
in Figs. 1a and 1b, respectively. After 1 month, %LV
was similar (P¼ 0.966) in the CT-CRLM and control
groups (74.7% 6 13.4% and 74.5% 6 11.2%,
respectively). Similarly, %FLV after 1 month was
similar (P ¼ 0.565) in the CT-CRLM and control
groups (98.1% 6 10.7% and 98.7% 6 10.7%,
respectively). Furthermore, after 1 month, %FLV
was significantly larger than %LV in the CT-CRLM
and control groups (both P , 0.001).

Regeneration in liver volume and functional liver volume

In the CT-CRLM and control groups, the percentage
increases in LV were 39.3% 6 29.0% and 23.2% 6

23.5%, and FLV were 79.4% 6 43.1% and 57.0% 6

33.4%, respectively (Figs. 2a and 2b). The percentage
increase in LV was significantly higher in the CT-
CRLM group than in the control group (P ¼ 0.037),
but the percentage increase in FLV was similar in the
2 groups (P¼ 0.417). The absolute differences in LV
were 216.2 6 155.7 cm3 and 148.7 6 134.7 cm3 and
FLV were 19.4 6 8.5 %/m2 and 17.4 6 7.9%/m2,
respectively (Figs. 3a and 3b). The absolute differ-
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ences in LV and FLV were equivalent between the 2
groups (P ¼ 0.086 and 0.235, respectively).

Postoperative liver function

Median postoperative total bilirubin levels (0.6 mg/
dL versus 0.7 mg/dL); prothrombin activities (93%
versus 93%); the uptake ratio of the heart at 15
minutes compared to 3 minutes (0.58 versus 0.53);
and the uptake ratio of the liver compared to the
liver plus the heart at 15 minutes (0.92 versus 0.94)
determined through 99mTc-GSA scintigraphy were
equivalent between the CT-CRLM and control
groups.

Regeneration of liver volume and functional liver volume

in CRLM patients

The data of 15 CRLM patients are described in Table
2. The median age was 64.7 6 11.6 years, and the

female-to-male ratio was 6:9. In 12 CRLM patients
with preoperative chemotherapy and 3 chemother-
apy-naı̈ve CRLM patients, the mean resection rate/
functional resection rate was 44.3% 6 12.3%/42.3%
6 11.5% and 42.7% 6 11.1%/39.9% 6 7.3%, and
the mean percentage increase in LV/FLV from the
baseline values of the future remnant liver was
36.6% 6 27.7%/73.4% 6 37.7% and 24.5% 6 29.0%/
145.4% 6 55.1%, respectively. There were no
significant differences between CRLM patients with
and without chemotherapy. Among the 12 CRLM
patients with preoperative chemotherapy, OX; iri-
notecan (IRI); and OXþ IRI were administered to 8,
1, and 3 patients, respectively. Bevacizumab was
initiated in 3 patients, antiepidermal growth factor

Fig. 1 Serial changes in liver volume and functional liver

volume. (a) Liver volume. (b) Functional liver volume. Black

circle, CT-CRLM group (n¼ 12); grey circle and dotted line,

control group (n ¼ 28).

Fig. 2 Percentage increases in liver volume and functional liver

volume before and after liver resection. (a) Liver volume. (b)

Functional liver volume. Bar in the box and whisker plots: 1.5

interquartile ranges of the upper quartile, 75% percentile, median,

25% percentile, and 1.5 interquartile ranges of the lower quartile.
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receptor antibody in 2 patients, and both treatments
were administered to 3 patients. The median
number of preoperative chemotherapy courses was
8 (range: 6–16). The number in treatment of 3-week
regimens was counted as 1.5 times of 2-week
regimens. Various types of major hepatectomies
were performed. We observed no distinct differenc-
es in LV and FLV with regard to the regimens and
cycles of preoperative therapy. We assessed 6 out of
15 (40%) patients as having grade 2 or greater
sinusoidal obstruction9; all the patients received OX-
containing chemotherapy, and 4 patients were
treated without bevacizumab. No patients exhibited
steatohepatitis with nonalcoholic fatty liver disease
activity score .4.29

Discussion

Recently, we have reported that the functional liver
regeneration, and not the volumetric liver regener-
ation, as assessed by 99mTc-GSA SPECT/CT fused
images, can correctly predict the levels of postoper-
ative liver dysfunction.11 The functional liver regen-
eration was influenced by the degree of liver fibrosis
and the functional resected volume, and the
existence of viral hepatitis.12–14,16 Therefore, as a
control group, we selected patients who underwent
major hepatectomy without preoperative chemo-
therapy and who did not have severe fibrosis and
viral hepatitis. The preoperative background factors,
including liver function, functional resection rate,
and future remnant FLV, were almost equivalent.
Total bilirubin levels and platelet counts significant-
ly differed between the 2 groups; however, the
median values were within the normal range.
Because platelet-derived serotonin is associated
with the initiation of liver regeneration, decrease
in platelet counts may negatively impact liver
regeneration.17 In the present study, both liver
regeneration and functional liver regeneration pa-
rameters were equivalent between the CT-CRLM
and control groups. Conversely, percentage increas-
es in LV were somewhat greater in the CT-CRLM
group.

Modern chemotherapy for CRLM can induce
various liver parenchymal injuries such as steatosis,
steatohepatitis, and sinusoidal obstruction. Liver
regeneration within 1 week after hepatectomy did
not differ between patients with and without
steatosis.30 However, when only patients with
moderate-to-severe steatosis (steatosis �30%) were
considered, the late liver regeneration after 6
months in the steatosis patients was lower. In a
mouse model, steatosis did not impair liver regen-
eration after partial hepatectomy.31 Moreover, sim-
ple steatosis prompted by Western diet–induced
steatosis can enhance liver cell proliferation, which
was accompanied by increased hepatocyte growth
factor and leptin signaling. In contrast, in rats fed on
a standard methionine- and choline-deficient diet,
steatohepatitis probably impaired liver regeneration
because of increased hepatocellular lipid peroxida-
tion and damage in concert with Kupffer cell–
mediated inflammatory responses.32 In the present
study, no patients exhibited moderate-to-severe
steatosis (steatosis �30%) or apparent steatohepati-
tis.

VEGF is one of the key molecules for liver
regeneration, and bevacizumab is an anti-VEGF

Fig. 3 Increments in liver volume and functional liver volume

before and after liver resection. (a) Liver volume. (b) Functional

liver volume. Bar in the box and whisker plots: 1.5 interquartile

range of the upper quartile, 75% percentile, median, 25%

percentile, and 1.5 interquartile range of the lower quartile.
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monoclonal antibody. In the present study, 6

patients received bevacizumab-containing chemo-

therapy; however, no obvious liver regeneration

failure was noted. Meanwhile, OX-based chemo-

therapy can induce sinusoidal obstruction, with the

risk of impairing postoperative liver regeneration,5,6

and this adverse effect may be avoided by using

bevacizumab but not cetuximab or panitumumab.8,9

A case-matched study recently demonstrated that

bevacizumab did not impair liver regeneration after

Table 2 Regeneration data in CRLM patients

Pts’
no. Sex Age

Chemo
regimen

Target
drug

Chemo
cycle OP method

Total liver
volume, cm

3

Future remnant
liver volume, cm

3

Liver volume
1 mo, cm

3

1 M 73 OX None 8 Rt-hemi þ Lateral 966 586 788
2 M 57 OX None 9 Rt-hemi 1365 571 1202
3 M 80 OX None 7 Lt-hemi 782 452 579
4 M 78 OX None 10 Lateral þ S7 þ S8 1254 984 973
5 M 75 OX B 6 Lt-hemi 1103 800 922
6 M 69 OX B 7 Post þ Ant-dor 1356 774 1042
7 F 64 OX C 8 Rt-hemi 1065 486 630
8 M 63 OX P 8 Lt-3 section 1199 604 810
9 F 60 OX, IRI B þ P 16 Rt-hemi þ S2 1186 414 736

10 F 64 OX, IRI B þ C 16 Post þ S2 807 540 788
11 F 36 OX, IRI B þ P 7 Rt-hemi 1435 555 700
12 F 51 IRI B 10 Rt-hemi 902 529 720
13 M 79 None None 0 Rt-hemi 1114 496 758
14 M 66 None None 0 Lt-hemi þ S1 1361 877 1102
15 F 55 None None 0 Lt-hemi 1652 1042 989

Ant-dor, anterior dorsal hepatectomy; B, bevacizumab; C, cetuximab; chemo, chemotherapy; hemi, hemihepatectomy; lateral, lateral
sectionectomy; LUV, liver uptake value; OP, operation; P, panitumumab; post, posterior sectionectomy.

Table 1 Preoperative clinical characteristic

CT-CRLM group (n ¼ 12) Control group (n ¼ 28) P value

Age 64 (36–80) 63 (37–81) 0.64
Sex, M:F 7:5 19:9 0.72
Diagnosis, n CRLM, 12 CRLM, 3; HCC, 9; ICC, 7;

BDC, 4; other tumors, 5
NE

ICG R15 (%) 12.6 (5.6–26.3) 7.9 (2.8–73) 0.071
HH15 0.58 (0.39–0.73) 0.525 (0.42–0.71) 0.13
LHL15 0.93 (0.85–0.97) 0.95 (0.87–0.97) 0.22
Total bilirubin 0.55 (0.3–1.1) 0.8 (0.4–4.3) 0.006
Albumin 3.8 (3–4.3) 4.3 (2.6–5.1) 0.058
AST 33.5 (19–137) 29 (15–217) 0.51
ALT 31.5 (10–281) 28.5 (11–285) 0.91
Total cholesterol 191 (154–256) 182 (142–297) 0.85
Choline esterase 254 (155–312) 265.5 (178–537) 0.44
Prothrombin time activity (%) 107 (96–150) 98 (85–143) 0.64
Platelets count 16.9 (9.4–23.8) 19.75 (12.9–44.8) 0.049
Fibrosis-stage, F0:F1 4:8 12:16 0.73
PVE, yes:no 3:9 5:23 0.61
Total liver volume, cm3 (range) 1144.5 (782–1435) 1249.5 (720–1652) 0.21
Resection rate, % (range) 42.6 (21.5–65.0) 35.2 (12.1–61.3) 0.13
Future remnant liver volume, cm3 (range) 563 (414–984) 702.5 (384–1245) 0.06
Preoperative total LUV, %/m2 (range) 46 (35–64.4) 51.3 (40.0–69.8) 0.16
Functional resection rate, % (range) 45.0 (18.0–62.0) 33.8 (11.7–60.0) 0.072
LUV of the future liver, %/m2 (range) 24.8 (16.4–41) 33.15 (18.3–47.6) 0.042

ALT, alanine aminotransferases; AST, aspartate aminotransferases; BDC, bile duct carcinoma; HCC, hepatocellular carcinoma; ICC,
intrahepatic cholangiocarcinoma; ICG R15, 15-minute indocyanine retention rate; HH15, uptake ratio of the heart at 15 minutes
compared to 3 minutes; LHL15, uptake ratio of the liver to the liver plus heart at 15 min; LUV, liver uptake value; NE, not evaluated;
PVE, portal vein embolization.
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major hepatectomy even in patients with high
exposure to preoperative chemotherapy.33 In a
clinical report, liver regeneration was not adversely
affected by chemotherapy, including molecular-
targeted drugs for patients with a high grade of
steatosis or sinusoidal obstruction in the surround-
ing liver parenchyma.34 Portal vein embolization
(PVE) can provide liver regeneration similar to that
by major hepatectomy.22 One report described that
chemotherapy with bevacizumab did not affect liver
regeneration after PVE.35 In contrast, bevacizumab
may impair liver regeneration after PVE, and an age
.60 years and treatment with �6 cycles of bevaci-
zumab were risk factors for poor regeneration.36 In
the present study, 6 out of 15 (40%) patients were
assessed as having grade 2 or higher sinusoidal
obstruction; all patients received OX and 4 were
treated without bevacizumab. In all 15 CRLM
patients, FLV increased, with a mean increment of
73.4% 6 37.7%; conversely, LV decreased in 2
patients, and the mean increment was 36.6% 6

27.7%. The percent increases in LV and FLV were not
always correlated patient-by-patient (data not
shown). There were no obvious differences in both
volumetric and functional liver regeneration with
regard to the differences in chemotherapeutic
regimens.

To our knowledge, the present report is the first
to elucidate that both functional liver regeneration
and volumetric liver regeneration after major
hepatic resection are unaffected by preoperative
chemotherapy for CT-CRLM patients; however, our

study has some limitations. First, for CRLM, limited
hepatectomy has been more frequently selected

instead of major hepatectomy, and preoperative
chemotherapy has often been employed1,2; there-
fore, the number of patients undergoing major

hepatectomy, particularly without preoperative che-
motherapy, was small. In this paper, the results of
the CT-CRLM patients were mainly compared with

those of patients with various liver tumors. How-
ever, there were no significant differences in liver
regeneration data between CRLM patients with and

those without chemotherapy. Second, various che-
motherapies were administered in a neoadjuvant or
conversion manner2–4; therefore, the number or
duration of chemotherapy was not constant. Third,

our study did not include cases of extremely
extensive resection or resection in extremely dam-
aged livers. Finally, the assessment of functional

liver regeneration with 99mTc-GSA SPECT/CT fused
images has not been applied outside Japan.

Conclusion

Preoperative chemotherapy may not affect function-

al liver regeneration in patients who receive several
courses of OX- or IRI-based chemotherapy with
molecular-targeted drugs. Further prospective and

large-scale studies are required to confirm these
results, using the same regimen and treatment
duration in CRLM patients with or without preop-

erative chemotherapy.

Table 2 Extended

Resection
rate, %

Volume
gain, %

Preoperative
total LUV, %/m

2

LUV of the
future liver, %/m

2

LUV 1 mo, %/m
2

Functional
resection rate, % LUV gain, %

39.3 38.0 40.0 24.4 44.8 39.1 186.3
58.1 110.4 45.0 22.1 33.8 50.9 47.5
42.2 28.1 47.0 28.3 48.6 39.8 159.8
21.5 –1.1 50.0 41 48.1 18.0 433.6
27.5 15.3 45.0 34.3 44.7 23.9 316.0
42.9 34.6 38.0 18.2 36.9 52.0 86.8
54.4 29.7 43.0 21.5 35.9 50.1 66.7
49.6 34.1 35.0 16.4 37.4 53.2 100.9
65.1 77.8 64.4 24.5 62.3 62.0 56.1
33.1 45.9 61.0 39 54.5 36.1 147.6
61.3 26.1 53.3 25 56.1 53.2 97.8
41.4 36.2 53.0 33.5 49.5 36.7 154.3
55.5 52.9 45.0 23.5 41.2 47.8 91.6
35.6 25.7 45.0 30 45.3 33.4 201.7
36.9 –5.1 54.0 33.1 50.7 38.6 142.8

CHEMOTHERAPY ON FUNCTIONAL LIVER REGENERATION FOR CRLM BEPPU

Int Surg 2017;102 437

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-07-07 via free access



Acknowledgments

All authors have no conflict-of-interest about this
study, and have not received any financial or
material support.

References

1. Beppu T, Sakamoto Y, Hasegawa K, Honda G, Tanaka K,

Kotera Y et al. A nomogram predicting disease-free survival in

patients with colorectal liver metastases treated with hepatic

resection: multicenter data collection as a Project Study for

Hepatic Surgery of the Japanese Society of Hepato-Biliary-

Pancreatic Surgery. J Hepatobiliary Pancreat Sci 2012;19(1):72–84

2. Beppu T, Sakamoto Y, Hayashi H, Baba H. Perioperative

chemotherapy and hepatic resection for resectable colorectal

liver metastases. Hepatobiliary Surg Nutr 2015;4(1):72–75

3. Adam R, Delvart V, Pascal G, Valeanu A, Castaing D, Azoulay

D et al. Rescue surgery for unresectable colorectal liver

metastases downstaged by chemotherapy: a model to predict

long-term survival. Ann Surg 2004;240(4):644–657

4. Beppu T, Miyamoto Y, Sakamoto Y, Imai K, Nitta H, Hayashi

H et al. Chemotherapy and targeted therapy for patients with

initially unresectable colorectal liver metastases, focusing on

conversion hepatectomy and long-term survival. Ann Surg

Oncol 2014;Suppl 3:S405–S413.

5. Sturesson C, Nilsson J, Eriksson S, Spelt L, Andersson R.

Limiting factors for liver regeneration after a major hepatic

resection for colorectal cancer metastases. HPB (Oxford) 2013;

15(8):646–652

6. Schiffer E, Frossard JL, Rubbia-Brandt L, Mentha G, Pastor

CM: Hepatic regeneration is decreased in a rat model of

sinusoidal obstruction syndrome. J Surg Oncol 2009;99(7):439–

46

7. Hurwitz H, Fehrenbacher L, Novotny W, Cartwright T,

Hainsworth J, Heim W et al. Bevacizumab plus irinotecan,

fluorouracil, and leucovorin for metastatic colorectal cancer. N

Engl J Med 2004;350(23):2335–2342.

8. Ribero D, Wang H, Donadon M, Zorzi D, Thomas MB, Eng C et

al. Bevacizumab improves pathologic response and protects

against hepatic injury in patients treated with oxaliplatin-

based chemotherapy for colorectal liver metastases. Cancer

2007;110(12):2761–2767

9. Rubbia-Brandt L, Lauwers GY, Wang H, Majno PE, Tanabe K,

Zhu AX et al. Sinusoidal obstruction syndrome and nodular

regenerative hyperplasia are frequent oxaliplatin-associated

liver lesions and partially prevented by bevacizumab in

patients with hepatic colorectal metastasis. Histopathology

2010;56(4):430–439

10. Imai K, Emi Y, Iyama KI, Beppu T, Ogata Y, Kakeji Y et al;

Kyusyu Study Group of Clinical Cancer (KSCC) ancillary

study. Kyusyu Study Group of Clinical Cancer (KSCC)

ancillary study: splenic volume may be a useful indicator of

the protective effect of bevacizumab against oxaliplatin-

induced hepatic sinusoidal obstruction syndrome. Eur J Surg

Oncol 2014;40(5):559–566

11. Yoshida M, Beppu T, Shiraishi S, Tsuda N, Sakamoto F, Okabe

H et al. Assessment of hepatic functional regeneration after

hepatectomy using Tc-GSA SPECT/CT fused imaging. Ann

Transl Med 2015;3(2):17

12. de Graaf W, Vetelainen RL, de Bruin K, van Vliet AK, van

Gulik TM, Bennink RJ. 99mTc-GSA scintigraphy with SPECT

for assessment of hepatic function and functional volume

during liver regeneration in a rat model of partial hepatecto-

my. Nucl Med 2008;49(1):122–128

13. Okabe H, Beppu T, Nakagawa S, Yoshida M, Hayashi H,

Masuda T et al. Percentage of future liver remnant volume

before portal vein embolization influences the degree of liver

regeneration after hepatectomy. J Gastrointest Surg 2013;17(8):

1447–1451

14. Quétier I, Brezillon N, Duriez M, Massinet H, Giang E,

Ahodantin J et al. Hepatitis B virus HBx protein impairs liver

regeneration through enhanced expression of IL-6 in trans-

genic mice. J Hepatol 2013;59(2):285–291

15. Kishi Y, Abdalla EK, Chun YS, Zorzi D, Madoff DC, Wallace

MJ et al. Three hundred and one consecutive extended right

hepatectomies: evaluation of outcome based on systematic

liver volumetry. Ann Surg 2009;250(4):540–548

16. Umeda Y, Iwagaki H, Ozaki M, Ogino T, Iwamoto T, Yoshida R

et al. Refractory response to growth factors impairs liver

regeneration after hepatectomy in patients with viral hepatitis.

Hepatogastroenterology 2009;56(93):971–977

17. Lesurtel M, Graf R, Aleil B, Walther DJ, Tian Y, Jochum W et al.

Platelet derived serotonin mediates liver regeneration. Science

2006;312(5770):104–107

18. Olthoff KM. Hepatic regeneration in living donor liver

transplantation. Liver Transpl 2003;9(10 suppl 2):S35–S41

19. Hayashi H, Beppu T, Okabe H, Kuroki H, Nakagawa S, Imai K

et al. Functional assessment versus conventional volumetric

assessment in the prediction of operative outcomes after major

hepatectomy. Surgery 2015;157(1):20–26

20. Strasberg SM. Nomenclature of hepatic anatomy and resec-

tions: a review of the Brisbane 2000 system. J Hepatobiliary

Pancreat Surg 2005;12(5):351–355

21. Ichida F, Tsuji T, Omata M. New Inuyama classification; new

criteria for histological assessment of chronic hepatitis. Int

Hepatol Commun 1996;6:112–119

22. Beppu T, Hayashi H, Okabe H, Masuda T, Mima K, Otao R et

al. Liver functional volumetry for portal vein embolization

using a newly developed 99mTc-galactosyl human serum

albumin scintigraphy SPECT-computed tomography fusion

system. J Gastroenterol 2011;46(7):938–943

23. Yoshida M, Shiraishi S, Sakaguchi F, Utsunomiya D, Tashiro K,

Tomiguchi S et al. Fused 99m-Tc-GSA SPECT/CT imaging for

the preoperative evaluation of postoperative liver function:

BEPPU CHEMOTHERAPY ON FUNCTIONAL LIVER REGENERATION FOR CRLM

438 Int Surg 2017;102

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-07-07 via free access



can the liver uptake index predict postoperative hepatic

functional reserve? Jpn J Radiol 2012;30(3):255–262

24. Yoshida M, Shiraishi S, Sakaguchi F, Utsunomiya D, Tashiro K,

Tomiguchi S et al. A quantitative index measured on 99mTc

GSA SPECT/CT 3D fused images to evaluate severe fibrosis in

patients with chronic liver disease. Jpn J Radiol 2012;30(5):435–

441

25. Okabe H, Beppu T, Chikamoto A, Hayashi H, Yoshida M,

Masuda T et al. Remnant liver volume-based predictors of

postoperative liver dysfunction after hepatectomy: Analysis of

625 consecutive patients from a single institution. Int J Clin

Oncol 2014;19(4):614–621

26. Beppu T, Ishiko T, Chikamoto A, Komori H, Masuda T,

Hayashi H et al. Liver hanging maneuver decreases blood loss

and operative time in a right-side hepatectomy. Hepatogas-

troenterology 2012:59(114):542–545

27. Beppu T, Wakabayashi G, Hasegawa K, Gotohda N, Miz-

uguchi T, Takahashi Y et al. Long-term and perioperative

outcomes of laparoscopic versus open liver resection for

colorectal liver metastases with propensity score matching: a

multi-institutional Japanese study. J Hepatobiliary Pancreat Sci

2015;22(10):711–720

28. Takahara T, Wakabayashi G, Beppu T, Aihara A, Hasegawa K,

Gotohda N et al. Long-term and perioperative outcomes of

laparoscopic versus open liver resection for hepatocellular

carcinoma with propensity score matching: a multi-institu-

tional Japanese study. J Hepatobiliary Pancreat Sci 2015;22(10):

721–727

29. Kleiner DE, Brunt EM, Van Natta M, Behling C, Contos MJ,

Cummings OW et al. Nonalcoholic Steatohepatitis Clinical

Research Network: Design and validation of a histological

scoring system for nonalcoholic fatty liver disease. Hepatology

2005;41(6):1313–1321

30. Kele PG, van der Jagt EJ, Gouw AS, Lisman T, Porte RJ, de

Boer MT. The impact of hepatic steatosis on liver regeneration

after partial hepatectomy. Liver Int 2013;33(3):469–475

31. Sydor S, Gu Y, Schlattjan M, Bechmann LP, Rauen U, Best J et

al. Steatosis does not impair liver regeneration after partial

hepatectomy. Lab Invest 2013;93(1):20–30

32. Veteläinen R, van Vliet AK, van Gulik TM. Severe steatosis

increases hepatocellular injury and impairs liver regeneration

in a rat model of partial hepatectomy. Ann Surg 2007;245(1):44–

50

33. Millet G, Truant S, Leteurtre E, Hebbar M, Zerbib P, Huet G et

al. Volumetric analysis of remnant liver regeneration after

major hepatectomy in bevacizumab-treated patients: a case-

matched study in 82 patients. Ann Surg 2012;256(5):755–761;

discussion 761–762

34. Takeda D, Nitta H, Takahara T, Hasegawa Y, Itou N,

Wakabayashi G. Effect of preoperative chemotherapy on

postoperative liver regeneration following hepatic resection

as estimated by liver volume. World J Surg Oncol 2013;11:65

35. Aussilhou B, Dokmak S, Faivre S, Paradis V, Vilgrain V,

Belghiti J. Preoperative liver hypertrophy induced by portal

flow occlusion before major hepatic resection for colorectal

metastases can be impaired by bevacizumab. Ann Surg Oncol

2009;16(6):1553–1559

36. Zorzi D, Chun YS, Madoff DC, Abdalla EK, Vauthey JN.

Chemotherapy with bevacizumab does not affect liver

regeneration after portal vein embolization in the treatment

of colorectal liver metastases. Ann Surg Oncol 2008;15(10):

2765–2772

CHEMOTHERAPY ON FUNCTIONAL LIVER REGENERATION FOR CRLM BEPPU

Int Surg 2017;102 439

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-07-07 via free access


