
Abstract. Background/Aim: The aim of this study was to
investigate the effects of preoperative chemotherapy on the
healthy, metastasis-free part of the liver in colorectal cancer
patients with liver metastasis, and the relationship between
chemotherapy and postoperative complications. Patients and
Methods: Our study included 90 cases of colorectal cancer
liver metastasis resected after preoperative chemotherapy. The
patients were divided into three groups according to the
received chemotherapy regimen: 20 cases received
mFOLFOX6, 54 cases a combination of mFOLFOX6 with
bevacizumab, and 16 cases a combination of mFOLFOX6 and
cetuximab or panitumumab. Results: The mean numbers of
sinusoidal injuries for each chemotherapy type were compared.
The group treated with the combination of mFOLFOX6 and
bevacizumab showed a lower extent of sinusoidal injury
relative to other groups; this intergroup difference became
increasingly remarkable as the number of chemotherapy cycles
increased. Complications of various extents were found in all
three groups, but no significant differences were observed
between the three groups. Conclusion: In cases where
preoperative chemotherapy was extended over a long period,
combined use of bevacizumab was thought to be effective

because of stabilization of disturbed liver hemodynamics
resulting from sinusoidal injury suppression effects, allowing
effective distribution of anti-cancer agents to tumors.

Colorectal cancer is one of the most frequently occurring
malignant tumors worldwide (1). Approximately 60% of
colon cancer patients have been reported to have
complications of liver metastasis during the course of their
disease (2). Surgical treatment presents the only possibility
of curative treatment for colorectal cancer liver metastasis
and has a strong impact on prognosis. A variety of efforts in
recent years including preoperative liver function evaluation,
preoperative chemotherapy, surgical procedures, preoperative
management, and so on, have been reported to improve
prognosis and liver resectability. Still, the major factor is the
burden of chemotherapy itself (3-7). It has been reported (8)
that, in cases where radical resection is possible, colorectal
cancer liver metastasis shows approximately 60% recurrence,
80% of which are unresectable. Thus, chemotherapy will
certainly play an increasingly important role in the future.

Preoperative chemotherapy for colorectal cancer liver
metastasis plays an important role in a regimen of
multidisciplinary treatment. Chemotherapy also involves tissue
adverse effects, and there are apprehensions regarding the
effects on remnant liver when hepatectomy is performed
following systemic chemotherapy (9). Veno-occlusive disease
(VOD) (10), also known as sinusoidal obstruction syndrome
(SOS), is a pathology that causes injury to sinusoidal and venule
endothelial cells and is reported to be caused by radiotherapy,
chemotherapy, and so on. Numerous reports have stated that
SOS incidence is high in chemotherapy for colorectal cancer
liver metastasis, especially in regimens that include oxaliplatin
(11). Severe post-operative complications thought to occur due
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to SOS have also been reported (12), thus necessitating even
greater caution when performing chemotherapy. Thus, as
chemotherapy becomes increasingly important for colorectal
cancer liver metastasis, simultaneous assessment of liver
damage is required for increasing the safety of multidisciplinary
treatment of this metastasis. This study aimed to clarify the
relationship between preoperative chemotherapy on the healthy
metastasis-free liver and postoperative complications.

Patients and Methods

This study included 90 cases of colorectal cancer liver metastasis
resected after administration of preoperative chemotherapy at Kurume
University Hospital and Kurume University Medical Center from 2008
to 2015. Patients were classified into three groups, according to
preoperative chemotherapy as follows: mFOLFOX6, after bolus
injection of 400 mg/m2 5-FU, intravenous infusion of 85 mg/m2
oxaliplatin, and 200 mg/m2 dl leucovorin, followed by 2400 mg/m2
5-FU, over 46 h administration; mFOLFOX6 combined with 5
mg/kg bevacizumab; mFOLFOX6 combined with cetuximab
initially at 400 mg/m2 followed by 250 mg/m2, or combined with 6
mg/kg panitumumab. Patients with the combination including
bevacizumab were treated with only mFOLFOX6 as their final
chemotherapy regimen. Hepatectomy of patients with the
combination treatment including bevacizumab was performed 6 to 9
weeks after the final treatment day, whereas hepatectomy of patients
with the combination treatment including cetuximab or panitumumab
was performed 4 to 7 weeks after the final treatment day. Clavien-
Dindo Classification (13) was used to assess the postoperative
complications related to hepatectomy. After fixing the excised
specimens in 10% neutral buffered formalin solution, sections were
created from sites located at 3 cm or further away from the tumor, and
hematoxylin-eosin (HE) staining, Masson trichrome staining, and
silver impregnation staining were performed. Microscopic assessment
coupled with immunostaining was performed as described below.

Immunohistochemistry. We used 4-μm-thick sections of formalin-fixed,
paraffin embedded tissues. The sections were mounted on glass slides
and immunocytochemistry with anti-mouse monoclonal antibody
against human CD34 (clone QBEnd/10, IgG1, no dilutio ; Leica
Biosystems Newcastle, Ltd., Newcastle, UK) and anti-mouse
monoclonal antibody against human smooth muscle actin (clone αsm1,
IgG2a, no dilution; Leica Biosystems) was performed on the same fully
automated Bond-III system (Leica Microsystems) using onboard heat-
induced antigen retrieval with epitope retrieval solution 2 for 20 min
at 99˚C. Each slide was incubated with the antibody for 30 min at room
temperature. This automated system uses a Refine polymer detection
kit with horseradish peroxidase-polymer as a secondary antibody and
DAB. Incubation with a secondary antibody was performed for 30 min
at room temperature. All immunohistochemical analyses were evaluated
by three experienced observers who were unaware of the patients’
conditions.

SOS evaluation. Our sinusoidal injury assessment method involved
random extraction of 10 visual fields at 40× magnification, while
ensuring that these fields were sufficiently distant from the tumor,
and calculation of the mean number of sinusoidal injuries per visual
field. After observation of HE-stained specimens at sites determined
as having sinusoidal injury, the same specimens were used for silver

impregnation staining, masson trichrome staining, and
immunostaining for α-smooth muscle actin and CD34. Sinusoidal
injury evaluation was performed by three pathologists.

Statistical analysis. Student’s t-test or the chi-square test was used
to evaluate differences between categorical variables. The Kruskal-
Wallis test was used for quantitative variables in three or more
groups. Significance level was set at p<0.05, and JMP Pro 11.0.0
(SAS Institute Inc., Cary, NC, USA) was used for the analysis.

Results
A total of 90 cases of hepatectomy performed after
administering chemotherapy were included in this study and
patient ages ranged from 36 to 82 years and the mean age
was 61 years. The primary tumor was in the colon in 52
cases and in the rectum in 38 cases, with a majority
confirmed to be accompanied by lymph node metastasis.
There were 42 cases with metachronous liver metastasis, and
48 cases with synchronous liver metastasis. There were 30
cases of solitary liver metastasis and 60 cases with multiple
liver metastasis. As for tumor diameter, 75 cases had tumors
of less than 5 cm, and 15 cases had a diameter of 5 cm or
above (Table I).

Chemotherapy breakdown was as follows: 20 cases were
administered mFOLFOX6, 54 cases were administered a
combination of mFOLFOX6 with bevacizumab, and 16 cases
were treated with a combination of mFOLFOX6 and
cetuximab or panitumumab. The mFOLFOX6-only group
was administered 3 to 12 cycles, with a mean of 7.2 cycles;
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Table I. Clinical characteristics of patients with CRLM.

Clinical characteristic                                      Number of patients

Age (years)
  Range                                                                        36-82
  Median                                                                         61 
Gender
  Male                                                                             56
  Female                                                                         34
Primary tumor
  Colon                                                                           52
  Rectum                                                                         38
Lymph nodes metastasis 
  Absent                                                                          28
  Present                                                                         62
Timing of metastasis
  Metachronous                                                              42 
  Synchronous                                                                48 
Liver metastasis
  Solitary                                                                        30
  Multiple                                                                       60
Tumor size
  <5 cm                                                                           75
  ≥5 cm                                                                            15
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Figure 2. Photomicrographs of sinusoidal injuries. (A) Hepatic cord configuration became obscure, and reticular fiber intricacies and disruptions
were observed (Silver impregnation staining, ×200). (B) Proliferation of collagen fibers was confirmed (Masson trichrome staining, ×200), (C)
along with CD34 positive findings matching the mutated sinusoidal endothelial cells (CD34 immunostaining, ×200). (D) At the same sites, α-SMA
positive myofibroblasts were observed (α-SMA immunostaining, ×200).

Figure 1. Photomicrograph of sinusoidal injuries. Sinusoidal dilation showed irregular distribution, reaching the neighboring hepatic lobules (HE
staining, ×20).



the mFOLFOX6 with bevacizumab group was administered
4 to 23 cycles, with a mean of 8.9 cycles; the mFOLFOX6
with cetuximab or panitumumab group was administered 4
to 13 cycles, with a mean of 7.6 cycles (Table II).

Clinical images of excised liver were used to determine
whether histological sinusoidal endothelial cell injury had
occurred due to preoperative chemotherapy. Histologically,
sinusoidal dilation showed irregular distribution, reaching the
neighboring hepatic lobules (Figure 1). These findings
emerged unrelated to individual hepatic lobule units, with a
so-called “mottled” configuration. Under high-power
magnification, irregular and ruptured hepatic cords were
observed, with hepatocyte degeneration and atrophy.
Nevertheless, there was no confirmation of hepatocyte
necrosis. Upon silver impregnation staining, hepatic cord
configuration became obscure, and reticular fiber intricacies
and disruptions were observed (Figure 2A). Upon Masson
trichrome staining, proliferation of collagen fibers was
confirmed (Figure 2B), along with CD34 positive findings
matching the mutated sinusoidal endothelial cells (Figure
2C). At the same sites, α-SMA positive myofibroblasts were
found (Figure 2D). SOS assessment or evaluation of the
extent of sinusoidal injury was then performed. The mean
unit numbers of sinusoidal injury for each chemotherapy
method were compared. It was found that the mFOLFOX6
combined with bevacizumab group had lower levels of
sinusoidal injury compared with that in the other groups.
Comparing this with the respective chemotherapy cycle
numbers, though no significant differences were found
among the three groups up to less than 5 cycles, the
mFOLFOX6 combined with bevacizumab group showed

significantly lower levels of sinusoidal injury from cycle 5
onward, and this significance became especially remarkable
after 10 cycles (Table II).

Next, postoperative complications were investigated.
Assessment of such cases was performed in accordance with
the Clavien-Dindo Classification (13), with comparative
examination among the three groups. While all three groups
showed complications at various grades, no significant
differences were found among groups. Complications of
Clavien-Dindo Classification grade IV and above were not
found in any of the groups. There were six cases judged as
Clavien-Dindo Classification grade III (Table II). In the
mFOLFOX6-only group, two of three cases demonstrated
bile leakage, whereas there was one case of intra-abdominal
infection. Large right pleural effusions were observed in the
mFOLFOX6 with bevacizumab combination group. Both
cases of bile leakage were observed in the mFOLFOX6 with
cetuximab or panitumumab combination group. Puncture
drainage was performed for all cases.

Discussion

The relationship between sinusoidal injury and
chemotherapy in colon cancer, especially when oxaliplatin is
used, has been previously reported (9). The present study
revealed similar findings. Our sinusoidal injury assessment
method involved random extraction of 10 visual fields at 40×
magnification, with evaluation of the mean number per
visual field. This was done for two reasons: first, these are
not changes that occur at the individual hepatic lobe unit;
second, these are not diffuse changes. In our investigation,
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Table II. Comparison of sinusoidal injuries and postoperative complications in preoperative chemotherapy.

Regimens                                           mFOLFOX6                            mFOLFOX6                                        mFOLFOX6                                 p-Value 
                                                                                                         +Becacizumab                           +Cetuximab/Panitumumab

Number of patients                                   20                                             54                                                         16
Cycles                                                     3~12                                        4~23                                                    4~13
   Mean                                                      7.1                                           8.9                                                        7.6
Number of SI 
   total                                                    1.7±0.8                                   0.2±0.2                                          1.6±1.0 0.0004
Number of SI 
   1-5 cycles                                           0.2±0.4                                  0.06±0.1                                               0.2±0.2                                        0.38
   6-10 cycles                                         1.1±0.6                                  0.13±0.1                                               1.2±1.0                                        0.023
   11 cycles≤                                          1.7±0.8                                   0.4±0.2                                                1.6±1.0                                        0.004
CDC 
   1                                                              5                                             21                                                          4
   2                                                              2                                              6                                                           2
   3                                                              3                                              1                                                           2
   4                                                              0                                               0                                                           0
   5                                                              0                                              0                                                           0                                             0.33

FOLFOX: Chemotherapy with folinic acid, 5-fluorouracil, and oxaliplatin; SI: sinusoidal injuries; CDC: Clavien-Dindo classification.



there was no regularity in terms of occurrence at specific
sites, but instead these changes were detectable at any site
with endothelial cells. Figure 1 shows the injury and
displacement of sinusoidal endothelial cells, congestion and
fibrosis within dilated sinusoids, disorganized hepatic cords,
and atrophied hepatocytes. Although many of such injuries
occurred at increased numbers of chemotherapy cycles, no
severe damage such as hepatocyte necrosis, cholestasis, etc.,
was found in any of the investigated cases. Therefore, it is
highly possible that the effects of chemotherapy for
colorectal cancer liver metastasis are mainly pathologies of
local hepatic circulation injuries not accompanied by
hepatocyte necrosis. In the combination using bevacizumab,
sinusoidal injury was observed at a reduced extent relatively
to other groups. This result is similar to those reported
previously (14). It is thought that suppression of sinusoidal
endothelial cell damage due to combination chemotherapy
with bevacizumab will have a positive impact on
chemotherapy effects. Thus, suppression of sinusoidal injury
by bevacizumab helps stabilize liver hemodynamics,
indicating the possibility that anti-cancer agents can be
maintained at quantities effective against tumors. Therefore,
for cases assumed to require large numbers of preoperative
chemotherapy cycles, our results suggest that the
combination treatment with bevacizumab might be effective.

The incidence of clinically relevant complications was
found to be similar between the three regimens. Therefore,
regarding the frequency of complications, there is likely no
need for a particular concern when selecting any of the
studied treatment methods. Fukuoka et al. have made a
comparative study of postoperative complications regarding
administration or not of preoperative chemotherapy, or
regarding chemotherapy regimen. However, no clear
differences were found (15). In our study, although we found
no clear differences, we did recognize common factors for
the six cases with Clavien-Dindo Classification of grade III
or above. In all 6 cases, major hepatectomy was performed
at 3 or more sectionectomies and preoperative chemotherapy
had been administered 11 or more times (data not shown).
Bile leakage, which is a grave complication for hepatectomy,
was observed in 2 cases from the mFOLFOX6-only group,
and 2 cases from the mFOLFOX6 combined with cetuximab
or panitumumab group. It is, thus, thought that for cases that
require long-term preoperative chemotherapy, special care is
needed, particularly, in those cases where relatively major
hepatectomy is required. In conclusion, our study clarified
the relationships between sinusoidal injury due to
preoperative chemotherapy and postoperative complications.
Chemotherapy that included oxaliplatin caused sinusoidal
injury, which became more remarkable with increased
number of cycles of chemotherapy. However, combined use
of bevacizumab suppressed such injuries. Therefore, we
consider that a combination regimen with bevacizumab will

be effective in cases where it is thought that preoperative
chemotherapy will be performed many times, as
bevacizumab stabilizes liver hemodynamics resulting by
suppressing sinusoidal injury, thus allowing effective
distribution of anti-cancer agents to tumors. Further, in cases
where preoperative chemotherapy treatment is administered
multiple times, and major hepatectomy is also required,
sufficient consideration and care must be given with regard
to postoperative complications.
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