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Abstract

Aims: The aim of this study was to investigate the relationship between the use of bevacizumab (Bmab) in addition to oxaliplatin (OX), the
development of sinusoidal obstruction syndrome (SOS) and the changes in splenic volume as an indicator of the protective effect of Bmab
against OX-induced SOS.
Methods: Seventy-nine patients who received OX-based chemotherapy with (OX þ Bmab group: n ¼ 48) or without Bmab (OX group:
n ¼ 31) for colorectal liver metastases were included in this study. The changes in splenic volume after chemotherapy were evaluated
in the two groups. Furthermore, the relationship between the changes in splenic volume and SOS were analyzed in the 55 patients who
underwent hepatectomy.
Results: A significant increase in the splenic volume was observed in the OX group, but not in the OX þ Bmab group. The increase in the
splenic volume relative to baseline was significantly higher in the OX group than in the OX þ Bmab group (39.1% vs. 2.3%, p < 0.0001).
The incidence of moderate or severe SOS was significantly higher in the OX group than in the OX þ Bmab group (50.0% vs. 16.0%,
p ¼ 0.0068), and the increase in the splenic volume was significantly higher in the patients with SOS than in those without SOS
(42.9% vs. 9.9%, p ¼ 0.0001). A multivariate analysis identified the increase in the splenic volume as an independent predictor of the devel-
opment of SOS. Conclusions: This study demonstrated that the inhibition of splenic volume enlargement might be a useful indicator of the
protective effect of Bmab against OX-induced SOS.
� 2013 Elsevier Ltd. All rights reserved.
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Introduction

Colorectal cancer is one of the most common malig-
nancies worldwide and its incidence has been rapidly
increasing during the past few decades. The liver is the
most common site of metastatic spread, and nearly half of
the patients with colorectal cancer develop liver metastases
at some point during the course of their disease.1e3 In pa-
tients with liver-only metastases, liver resection remains
the only treatment modality that potentially achieves long-
term survival and offers the hope of a cure. Previous studies
reported a five-year survival rate of 40e58% after poten-
tially curative liver resection.4e7 These favorable outcomes
of patients with colorectal liver metastases (CRLM) are
attributed not only to the improvements in surgical tech-
niques and perioperative management, but also to the emer-
gence of more effective chemotherapy.

However, only about 20% of patients with CRLM are
eligible for liver resection.8,9 In such patients with initially
inoperable liver metastases, the recently introduced chemo-
therapeutic and biologic agents can increase the number of
candidates for potentially curative resection.8,10,11 When
marked tumor shrinkage is obtained by chemotherapy, an
unresectable tumor may become resectable, and in such
cases, a favorable long-term outcome can be expected by
hepatic resection with curative intent. In patients with
initially unresectable liver diseases that become resectable
after preoperative chemotherapy, the five-year survival
rates have reached 30%.8

Oxaliplatin (OX), a third-generation platinum com-
pound, is widely used in the treatment of CRC in combina-
tion with either 5-fluorouracil/leucovorin (FU/LV) or
capecitabine. OX-based chemotherapy has been increas-
ingly utilized in the adjuvant, neoadjuvant and metastatic
settings. However, several studies have demonstrated sinu-
soidal obstruction syndrome (SOS) in the non-tumor-
bearing liver in patients receiving preoperative OX-based
chemotherapy, with an incidence of 19%e78%.12e15 Other
reports showed that OX-induced SOS was associated not
only with intraoperative bleeding15 and postoperative
morbidity,15,16 but also with early recurrence and a
decreased overall survival.17

Bevacizumab (Bmab), a monoclonal humanized anti-
body directed against vascular endothelial growth factor
(VEGF), was initially approved by the U.S. Food and
Drug Administration (FDA) in 2004 for the first-line treat-
ment of metastatic colorectal cancer based on a survival
benefit,18 and has been increasingly used in combination
with chemotherapy before hepatic resection in patients
with CRLM. Previous studies demonstrated that Bmab
may prevent SOS in patients treated with OX-based chemo-
therapy for CRLM.19,20

In the current study, we investigated the relationship be-
tween the use of Bmab in addition to OX, the development
of SOS and the changes in the splenic volume after

chemotherapy to demonstrate the benefit of assessing the
change in the splenic volume as an indicator of the protec-
tive effect of Bmab against OX-induced SOS.

Patients and methods

Seventy-nine patients with CRLM who received OX-
based preoperative chemotherapy with or without Bmab be-
tween 2004 and 2012 were retrospectively analyzed in the
current study. Thirty-nine patients were treated in the
Department of Gastroenterological Surgery, Graduate
School of Medical Sciences, Kumamoto University (Kuma-
moto, Japan), and the remaining 40 were patients who were
enrolled in the Kyushu Study Group of Clinical Cancer
(KSCC) 0802 ancillary study. The patients treated in Ku-
mamoto University were administrated preoperative
chemotherapy with the intent of both neoadjuvant and con-
version. KSCC 0802 study was a prospective multicenter
phase II trial in Japanese patients, and the aim of this study
was to evaluate the resectability and safety of
mFOLFOX6 þ Bmab on H2 and H3 liver-limited CRLM.
The patients enrolled in KSCC 0802 study were also
administrated chemotherapy with the intent of both neoad-
juvant and conversion.

To elucidate the effects of Bmab, patients were grouped
as follows: OX group (n ¼ 31), patients who received OX-
based chemotherapy without Bmab; OX þ Bmab group
(n ¼ 48), patients who received OX-based chemotherapy
with Bmab. In the OX group, 29 patients were treated
with a 5-FU/LV/OX regimen (FOLFOX) and two patients
were treated with a capecitabine/OX regimen (XELOX).
In the OX þ Bmab group, 47 patients were treated with a
FOLFOX þ Bmab regimen and one patient was treated
with a XELOX þ Bmab regimen. The exclusion criteria
were patients with underlying chronic liver diseases, pa-
tients who had received previous OX- or irinotecan-based
chemotherapy and patients who had received any chemo-
therapy within six months before initiation of the treatment.
Although the patients treated at Kumamoto University
received either the FOLFOX (FOLFOX4 or mFOLFOX6)
or XELOX with or without Bmab regimen, the patients
enrolled in the KSCC 0802 study received only the mFOL-
FOX6 with Bmab regimen.

Thirty of the 31 patients in the OX group underwent sur-
gery, and 26 of the 48 patients in the OX þ Bmab group
underwent surgery. In the OX þ Bmab group, one patient
underwent exploratory laparotomy because the tumor was
not detectable by intraoperative examinations, including ul-
trasonography. The remaining 55 patients underwent hepat-
ic resection for CRLM. Hepatic resections were performed
at least two weeks after the last course of chemotherapy. In
the OX þ Bmab group, the last cycle of chemotherapy was
usually given without Bmab to establish a gap of five weeks
between the last Bmab treatment and surgery. Major hepa-
tectomy was defined as resection of three or more liver
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