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Abstract

Treatment with bevacizumab, an antiangiogenic agent,
in patients with metastatic or unresectable colorectal
cancer was approved less than 4 years ago in Japan.
Bevacizumab improves the survival of patients with
metastatic colorectal cancer; however, it may lead to
complications such as bleeding, which are sometimes
fatal. Bevacizumab should be administered only after
careful consideration because the potential risks of
therapy outweigh its benefits. Therefore, pharma-
ceutical companies do not recommend bevacizumab
therapy for patients with brain metastases. While some
reports support the cautious use of bevacizumab, oth-
ers report that it is not always necessary to prohibit its
use in patients with metastases to the central nervous
system (CNS), including the brain. Thus, bevacizumab
therapy in colorectal cancer patients with brain metas-
tases is controversial, and it is unclear whether brain
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metastases are a risk factor for intracranial hemor-
rhage during anti-vascular endothelial growth factor
(VEGF) therapy. We report a 64-year-old man and a
65-year-old man with recurrent colorectal cancer with-
out brain metastases; these patients developed multi-
focal and solitary intracranial hemorrhage, respectively,
after the administration of bevacizumab. Our findings
suggest that intracranial hemorrhage can occur even
if the patient does not have brain metastases prior to
bevacizumab treatment and also suggest that brain
metastases are not a risk factor for intracranial hemor-
rhage with bevacizumab treatment. These findings also
question the necessity of excluding patients with brain
metastases from clinical trials on anti-VEGF therapy.
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INTRODUCTION

Bevacizumab (Avastin®, Chugai, Tokyo, Japan) is a re-
combinant humanized monoclonal antibody that selec-
tively binds to and neutralizes the biological activity of
vascular endothelial growth factor (VEGF) receptor! ™.
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It reduces tumor vascularization and inhibits tumor
growth, and has been shown to be efficacious in meta-
static breast, colorectal, non-small cell lung, and renal
cell carcinoma in combination with other agents“’sm.
Thus, therapeutically bevacizumab can greatly enhance
overall survival and progression-free survival in cases
where patients are undergoing treatment for cancer me-
tastasis or recurrence of colorectal cancer.

In spite of its efficacy, bevacizumab sometimes
causes complications such as hypertension, gastrointes-
tinal perforation, wound healing complications, arterial
thromboembolic events, and bleeding, which are asso-
ciated with mechanism-based adverse events. In 1977,
it was reported that treatment with bevacizumab in a
patient with undiagnosed brain metastasis from hepato-
cellular carcinoma caused fatal cerebral hemorrhage; this
led to the suggestion that patients with brain metastases
should not be treated with bevacizumab". Conversely,
several investigators have reported that there is no evi-
dence that anti-VEGF therapy, including bevacizumab,
results in an increased risk of intracranial hemorrhage
(ICH), regardless of the presence of central nervous
system (CNS) metastases'™'". Bhaskara ez a/'" suggested
that bevacizumab therapy is promising in the case of
primary brain malignancies as well as metastatic disease.
Therefore, whether cases with metastases to the CNS
should be treated with combination chemotherapy in-
cluding bevacizumab has provoked an ongoing discus-
sion in this field™'"". Only a limited number of cases of
CNS bleeding associated with bevacizumab treatment
have been reported, offering little, if any, strong argu-
ment for limiting the use of bevacizumab as a combina-
tion therapy in cancer.

In this study, we report 2 patients with recurrent colo-
rectal cancer in the absence of brain metastases who
underwent bevacizumab treatment; severe multifocal or
solitary ICH was observed after this treatment.

CASE REPORT

Case 1
A 64-year-old man with lower rectal carcinoma un-

derwent abdominoperineal excision with lymph node
dissection in January 2004. According to tumor-node-
metastasis (INM) classification, the pathological stage
of the carcinoma was T2NOMO (stage II). He under-
went adjuvant chemotherapy with oral 5-fluorouracil
(5-FU) for 6 mo. Approximately 2 years after surgery,
the serum carcinoembryonic antigen (CEA) level started
to increase; however, radiological examination failed
to show whether the cancer had recurred. The patient
was afraid of recurrence and wished to receive an oral
anticancer agent; therefore, S-1 treatment was provided.
At the 3-year follow-up visit, computed tomography
(CT) of the pelvis and the lateral segment of the liver
revealed the first recurrence sites. He was subsequently
prescribed FOLFOX-4 [oxaliplatin/5-FU/leucovorin
(LV)] every 2 wk over 5 courses. Partial hepatectomy was
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Figure 1 Contrast-enhanced computed tomography scan shows multifo-
cal hemorrhage in the right frontal lobe, right temporal lobe, left occipital
lobe, and right parietal lobe (white arrows).

performed for the solitary liver metastasis. Subsequently,
FOLFOX-4 was repeated for approximately 12 mo;
however, because of augmentation of the intrapelvic
recurrence, bevacizumab was added in February 2010.
After 4 courses of FOLFOX-4 in combination with
bevacizumab (5 mg/kg), the patient suddenly developed
dysarthria on day 2 of the 5th course, although he had
tolerated the regimen fairly well until then. Brain CT re-
vealed massive multifocal intracranial hemorrhage in the
right frontal lobe, right temporal lobe, left occipital lobe,
and right parietal lobe, although brain CT performed be-
fore bevacizumab administration revealed that there was
no disorder in the brain, including metastasis (Figure 1).
He had no history of head injury, but had hypertension
before and after administration of bevacizumab, which
was well controlled with medication. Hematological test-
ing revealed slight thrombopenia (platelet count, 8.5 X
10"/uL). These data together with other laboratory data
for this patient met the criteria for the administration
of FOLFOX-4 with bevacizumab. A neurosurgeon was
immediately consulted, and an urgent craniotomy was
performed to judge whether the multiple hemorrhages
were accompanied by brain metastases. A hematoma was
removed from the right frontal lobe of the brain. The
removed hematoma did not show any histological signs
of tumor components microscopically, which suggested
that the multiple ICHs might be caused by bevacizumab.
The patient soon recovered, and follow-up brain CT
revealed the complete disappearance of multiple ICHs
6 wk after craniotomy. We discontinued chemotherapy,
which included FOLFOX-4 with bevacizumab, and the
patient was placed under another regimen; FOLFIRI
(itinotecan/5-FU/LV), which the patient had not previ-
ously undergone, and was restarted within 8 wk after
craniotomy. The serum CEA level gradually leveled off;
intrapelvic recurrence has been uncontrollable since we
discontinued the combination therapy of FOLFOX-4
with bevacizumab.

Case 2

A 65-year-old man with ascending colon carcinoma
and liver metastases underwent right hemicolectomy
with lymph node dissection, and partial hepatectomy in
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Table 1 Summary of 8 cases of bevacizumab-associated central nervous system bleeding

Study Yr Age Gender Primary Bevacizumab Bleeding site Combination Comorbidity Survival
location  dose (mg/kg) drug status’
Chen et al™ 2006 NR ~ NR  Colorectum 5 NR FU, LV NR NR
Nguyen et al'™” 2007 72 Female Fallopian NR Pontine GEM Upper extremity NR
tube Venous thrombosis
59 Female Peritoneum NR Subarachnoid IRI, CDDP Pulmonary emboli NR
Giantonio et al™® 2007 NR NR  Colorectum 10 NR None or FOLFOX NR Dead
NR NR  Colorectum 10 NR None or FOLFOX NR Dead
Tanvetyanon et al™ 2009 52  Male Lung 15 Large vein draining to PTX, CBDCA AVM Dead
the superior sagittal sinus
Our cases 2011 64  Male Rectum 5 Right frontal lobe, right temporal lobe, FOLFOX Hypertension Alive
Left occipital lobe, right parietal lobe
65  Male Colon 5 right thalamus FOLFIRI Hypertension Alive

'At time of publication. 5-FU: 5-fluorouracil; LV: Leucovorin; GEM: Gemcitabine; IRI: Irinotecan; CDDP: Cisplatin; CBDCA: Carboplatin; PTX: Paclitaxel;
FOLFOX: Oxaliplatin/5-FU/LV; FOLFIRI: IRI/5-FU/LV; AVM: Arteriovenous malformation; NR: Not reported.

Figure 2 Non-contrast computed tomography scan shows a single right
thalamic hemorrhage (white arrow).

February 2008. According to TNM classification, the
pathological stage of the carcinoma was T2 NO M1 (stage
IV). He was treated with an intra-arterial infusion of
5-FU/intravenous infusion of LV for 5 mo. Subsequent-
ly, pulmonary metastasis became obvious in the 6-mo
follow-up CT scan. Chemotherapy with oral 5-FU/LV
was then prescribed for 6 mo, but the metastatic lesion
progressed. He subsequently received FOLFOX-4 which
was repeated for 15 courses over 12 mo. However, the
lesion developed further. For the solitary pulmonary me-
tastasis, partial lung resection was performed in March
2010. After that, a course of FOLFIRI with bevacizumab
5 mg/kg was started in July 2010. After 2 courses of
FOLFIRI in combination with bevacizumab every 3 wk,
which was tolerated fairly well, the patient suddenly
developed left hemiplegia on day 11 of the 3rd course.
Brain CT revealed right thalamus hemorrhage, although
brain CT performed before starting chemotherapy
showed no brain disorder, including metastasis, similar
to case 1 (Figure 2). He had no history of head injury, but
had hypertension that was well controlled with antihyper-
tensive agents before and after administration of bevaci-
zumab. His hematological results met the criteria for the
administration of FOLFIRI with bevacizumab. Because
of the right thalamic hemorrhage, combination chemo-
therapy of FOLFIRI with bevacizumab was discontinued.
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DISCUSSION

Although minor bleeding, for example, grade 1 or 2
epistaxis, is a well-known complication of bevacizumab,
serious bleeding such as hematemesis or hemoptysis
(grade 3 and 4) occurs only in 3% of the patients treated
with bevacizumab!”'?. As there is a possibility that
bevacizumab administration can increase the risk of
bleeding, it is advised that patients with CNS metastases
should be excluded from treatment with bevacizumab.
If bleeding into brain metastases occurs even once, it
can have devastating complications that could develop
into serious morbidity and mortality. To our knowledge,
8 cases of bevacizumab-associated CNS bleeding have
been reported’” ', Table 1 shows the characteristics of
these cases. There have been 2 case reports that raise
caution regarding ICH in patients without brain metas-
tases under bevacizumab administration due to the use
of anticoagulant agentsm’m. The first reports 2 cases
where bevacizumab was accompanied by low-molecular-
weight heparin. It draws attention to the fact that a full
dose of anticoagulation agent with bevacizumab may
increase the risk of ICH, regardless of whether a patient
has any underlying parenchymal or intracranial vascular
lesions'”. The second study reports a case of arteriove-
nous malformation (AVM)"". These 3 patients did not
have brain metastases, but presented with factors related
to bleeding such as anticoagulation therapy and AVM.
In addition to these 3 cases and the 2 cases presented
here, 3 other cases of CNS bleeding have been reported
by Chen ¢z a/”” and Giantonio e# a/'”. However, these 2

reports did not mention whether the patients had brain
[16]

metastases

In contrast, more information on the safety of be-
vacizumab therapy in patients with CNS metastases is
being reported. There has been several reports affirming
the use of bevacizumab in treating patients with CNS
metastases or primary brain tumors'™'"*", Bhaskara e a/'"
presented a challenging case of a treatment-naive pa-
tient with colorectal cancer and brain metastases. They
emphasized the importance of weighing the risks and
benefits of a treatment course when selecting treat-
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ment options, and demonstrated the feasibility of be-
vacizumab in the treatment of metastatic brain tumors
from colorectal cancer. Labidi ¢ a/*" showed no tumor-
associated cerebral hemorrhage in patients with metas-
tases from breast carcinoma treated with bevacizumab
and paclitaxel. Moreover, Besse e/ al" explored whether
the general exclusion of patients with CNS metastases
from bevacizumab treatment is justified, and concluded
that patients with CNS metastases from advanced or
metastatic breast cancer, non-small cell carcinoma, renal
cell carcinoma, and colorectal cancer should not gener-
ally be excluded from bevacizumab therapy because such
patients are at a similar risk of developing cerebral hem-
orrhage, independent of bevacizumab therapy.

The mechanism of bevacizumab is mainly thought
to inhibit angiogenesis through VEGE. VEGF is an im-
portant mediator in new blood vessel formation in both
physiological and pathological settingsm. Among the
multitude of factors driving tumor angiogenesis, VEGF
is the most potent, exerting myriad effects on vascular
pruning and sprouting, permeability, network formation,
proliferation, and cell death. Despite the initial unim-
pressive clinical performance of anti-VEGE antibodies,
such as bevacizumab, as a cancer monotherapy, clear
improvements in clinical outcomes following combina-
tion therapy of bevacizumab with chemotherapy regi-
mens, and multi-targeted VEGF receptor tyrosine kinase
inhibitors, such as sorafenib and sunitinib, in selected
tumor types have established VEGF-targeted agents
as an effective means of controlling cancer growth[zzl.
Anti-VEGF therapeutic agents have been shown to
have clinical benefits, although induction of bleeding is
a recognized side effect that can sometimes occur and
become troublesome during therapy.

The recent safety information on anti-VEGF therapy
has been encouraging. Carden ez al"" reviewed the cut-
rent literature to determine whether there is a high
incidence of significant bleeding due to anti-VEGF
therapy. They identified 57 trials examining the safety of
anti-VEGF therapy including bevacizumab in a total of
10 598 patients. In their studies, phase [ and II clinical
trials of anti-VEGF agents that excluded or included
brain metastases did not show any significant differences
(2 out of 1711; < 1% »s 1 out of 524; < 1%y). Trials of
anti-VEGF therapy, such as sunitinib and sorafenib,
which included patients treated for active brain metas-
tases revealed no episodes of ICH. Thus, the authors
concluded there was no evidence of anti-VEGF therapy
conferring an increased risk of cerebral hemorrhage, re-
gardless of CNS metastases.

As well as metastatic lesions, data are available from
bevacizumab trials in primary malignant brain tumors.
For instance, Vrendenburgh e# a/*” reported the results
of a phase I trial of bevacizumab and irinotecan treat-
ment every 2 wk in recurrent malignant glioma, and
showed that anti-VEGF therapy was not associated with
an increased risk of ICH. Studies of anti-VEGF agents
in patients with high-grade gliomas have been collective-
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ly presented by Carden e# a/'". They collated 5 studies of
anti-VEGTF agents including bevacizumab, vatalanib, and
cediranib used in the treatment of high-grade gljomas[m].
The limited data currently available on these studies
showed no evidence that anti-VEGF therapy for high-
grade gliomas increased the risk of TCH™*",

Collectively, the existing clinical literature and the
cases presented here, suggest that patients with meta-
static or primary brain tumors need not necessarily be
excluded from treatment with anti-VEGF agents, rather
that anti-VEGF therapy needs to be prescribed only
after careful examination of the patient’s history. This
is because at least 6 out of 8 cases had CNS bleeding
without CNS metastasis'”"”, Although, we cannot deny
that ICH in the 2 cases presented here could have oc-
curred by chance, they both have commonalities in their
clinical presentation. Both had high-blood pressure, even
though it was well controlled with medication. Although
only 2 such cases are presented here, we think that rather
than examining whether primary or metastatic brain
tumors are present or absent when considering risk fac-
tors for ICH during anti-VEGF treatment (including be-
vacizumab), precautions should be taken when treating
patients who have thrombocytopenia or are undergoing
therapy with anticoagulation or antihypertensive agents.
The 2 cases presented here and recent available reports
do not confirm that anti-VEGF therapy for patients
with metastatic brain tumors from colorectal cancer is
a safe treatment, but suggest that anti-VEGF agents,
including bevacizumab, are an alternative for patients
with metastatic colorectal cancers, even in the presence
of brain metastases. Epidemiological prospective studies
should be carried out in order to identify the risk factors
for ICH in patients treated with anti-VEGF agents.
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