
Abstract. Background: Bevacizumab in combination with
chemotherapeutics has shown significant survival benefit in
clinical studies in patients with non-small cell lung cancer
(NSCLC). Since bevacizumab was administered as standard
treatment until disease progression, the importance of
bevacizumab during the maintenance phase was not
prospectively investigated in these studies. Materials and
Methods: Three human NSCLC cell line xenograft models
were used to investigate antitumor effect of bevacizumab and
tumor microvessel density (MVD) was analyzed. Results: In
A549 and NCI-H292 models, bevacizumab maintenance
following combination with paclitaxel exhibited stronger
tumor suppression than its absence. In an NCI-H292 model,
bevacizumab maintenance continuously inhibited increase of
MVD. In an NCI-H2228 model following induction treatment
with pemetrexed and bevacizumab, maintenance with
pemetrexed plus bevacizumab, had stronger efficacy than
pemetrexed alone and led to lower MVD and level of
thymidylate synthase. Conclusion: Continuous suppression
of angiogenesis by bevacizumab may contribute to the
superior efficacy of maintenance treatment containing
bevacizumab. 

Non-small cell lung cancer (NSCLC) accounts for 80-85%
of all lung cancers (1). Modalities for the treatment of
advanced NSCLC following induction chemotherapy or
radiotherapy have until recently been limited, but
maintenance therapy is attracting attention as a new

therapeutic strategy for NSCLC and several maintenance
therapies that benefit these patients have become available.

The ECOG4599 study demonstrated that overall survival
(OS) and progression-free survival (PFS) were significantly
prolonged in patients with locally advanced metastatic or
recurrent NSCLC who received bevacizumab maintenance
following induction therapy with carboplatin and paclitaxel
plus bevacizumab compared to patients who received
induction therapy with carboplatin plus paclitaxel without
maintenance therapy (2). The AVAPERL study demonstrated
that PFS was significantly prolonged in patients with
advanced NSCLC who received maintenance therapy with
bevacizumab plus pemetrexed compared to those who
received maintenance therapy with bevacizumab alone
following induction therapy with cisplatin and pemetrexed
plus bevacizumab (3). However, neither of these clinical
studies drew the following two comparisons. One is the
comparison of giving or not giving bevacizumab maintenance
therapy following induction therapy with carboplatin and
paclitaxel plus bevacizumab. The other is the comparison of
giving bevacizumab plus pemetrexed maintenance with
giving pemetrexed alone for maintenance following induction
therapy with cisplatin and pemetrexed plus bevacizumab.

Bevacizumab is a humanized monoclonal antibody against
vascular endothelial cell growth factor (VEGF) that inhibits
VEGF-mediated angiogenesis in many types of cancer.
Pemetrexed is a folate antagonist that exhibits an antitumor
effect by inhibiting several enzymes involved in the
metabolism of folic acid, such as thymidylate synthase
(TYMS), dihydrofolate reductase and glycinamide
ribonucleotide formyltransferase (4). Both preclinical and
clinical studies have reported that TYMS expression level is
a determinant of pemetrexed sensitivity in NSCLC (5-7).

In the present study, we used human NSCLC xenograft
models to investigate the antitumor effect of maintenance
treatment with bevacizumab alone compared with
bevacizumab plus a chemotherapeutic agent following
induction treatment with regimens including bevacizumab. 
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Materials and Methods

Antitumor agents. Bevacizumab was provided by Hoffmann-La
Roche AG (Basel, Switzerland) as a solution and diluted with saline.
Human immunoglobulin G (HuIgG) was purchased from MP
Biomedicals, Inc. (Aurora, OH, USA) and was reconstituted with
water and diluted with saline. Paclitaxel was purchased from Wako
Pure Chemical Industries (Tokyo, Japan). Pemetrexed disodium was
purchased from AK Scientific (Union City, CA, USA).

Animals. Male, 4- or 5-week-old BALB-nu/nu mice were purchased
from Charles River Laboratories Japan, Inc. (Tokyo, Japan). Male, 6-
week-old C.B-17/Icr-SCID Jcl severe combined immune-deficient
(SCID) mice were purchased from CLEA Japan, Inc. (Tokyo, Japan).
All animals were housed in a specific pathogen–free environment
under controlled conditions (temperature, 20-26˚C; humidity, 35-75%;
light/dark cycle, 12/12 h) and were allowed to acclimatize and recover
from shipping-related stress for more than 6 days prior to the study.
Chlorinated water and irradiated food were provided ad libitum. The
health of the mice was monitored by daily observation. All animal
experiments were reviewed and approved by the Institutional Animal
Care and Use Committee at Chugai Pharmaceutical Co., Ltd.
(Approval numbers:08-208, 09-424, 12-007).

Cell lines and culture conditions. Three human NSCLC cell lines
were used in the present study: A549, with overexpression of both
wild-type epidermal growth factor receptor (EGFR) and human
EGFR-related 2 (HER2) (8); NCI-H292, with wild-type EGFR
overexpression (9); and NCI-H2228, with wild-type EGFR and
echinoderm microtubule associated protein like 4 (EML4)–
anaplastic lymphoma kinase (ALK) fusion. All cell lines were
obtained from the American Type Culture Collection (Manassas,
VA, USA). A549 cells were maintained in F12-K Nutrient Mixture
(Invitrogen, Carlsbad, CA, USA) supplemented with 10% fetal
bovine serum (FBS; Japan Bioserum, Hiroshima, Japan). NCI-H292
and NCI-H2228 cells were maintained in RPMI-1640 medium
(Sigma-Aldrich, St. Louis, MO, USA) supplemented with 10% FBS
(Bovogen Biologicals, Melbourne, Australia).

In vivo tumor growth inhibition studies. Each BALB-nu/nu mouse
was inoculated subcutaneously into the right flank with either A549
(5×106 cells) or NCI-H292 (5×106 cells). Each SCID mouse was
inoculated subcutaneously into the right flank with NCI-H2228
(1×107 cells). Several weeks after tumor inoculation, the mice were
randomly allocated to control and induction treatment groups (day 1).

As the induction treatment in the A549 and NCI-H292 xenograft
models, HuIgG or bevacizumab (5 mg/kg, the maximum effective
dose; intraperitoneally) and paclitaxel vehicle (5% ethanol–5%
Cremophor EL–saline; intravenously) or paclitaxel (20 mg/kg; the
maximum tolerated dose in the A549 xenograft model;
intravenously) were administered on days 1, 8 and 15. On day 22,
mice treated with bevacizumab plus paclitaxel were re-randomized
into control and bevacizumab maintenance groups. At re-
randomization of the A549 xenograft mice, four mice were excluded
to reduce the variability in tumor volume and body weight. As
maintenance treatment, HuIgG or bevacizumab was administered
weekly until day 78 in the A549 xenograft model and until day 50
in the NCI-H292 xenograft model. Tumor volume (TV) was
measured twice a week. The antitumor activity was evaluated by
TV on day 85 (A549 model) or day 57 (NCI-H292 model).

As the induction treatment in the NCI-H2228 xenograft model,
HuIgG or bevacizumab (5 mg/kg; maximum effective dose) and
vehicle (saline) or pemetrexed (400 mg/kg; maximum effective dose)
were administered intraperitoneally on days 1, 8 and 15. On day 22,
the mice treated with bevacizumab plus pemetrexed were re-
randomized into four groups (control, bevacizumab, pemetrexed and
bevacizumab plus pemetrexed). As the maintenance treatment,
HuIgG or bevacizumab and vehicle or pemetrexed were administered
intraperitoneally every week until day 78. TV was measured twice a
week. The antitumor activity was evaluated by TV on day 85.
TV was estimated from the equation TV=ab2/2, where a and b were
tumor length and width, respectively.

Quantification of microvessel density in tumor tissues. Microvessel
density (MVD) in tumor tissues was evaluated by immunohisto-
chemical staining of cluster of differentiation 31 (CD31). Tumor
samples were collected on indicated days. Immunohistochemical
staining was conducted as described previously (10). MVD was
calculated as the percentage ratio of the CD31-positive staining area
to the total observation area in the viable region. Three to six fields
per section were analyzed, excluding necrotic areas. Positively
stained areas were calculated using imaging analysis software
(WinROOF; Mitani Corporation, Fukui, Japan). Rat anti-mouse
monoclonal antibody to CD31 (clone MEC 13.3) was purchased
from BD Biosciences (San Jose, NJ, USA).

Western blotting. Tumor tissues taken from xenografts and stored at
−80˚C were homogenized with Cell Lysis Buffer (Cell Signaling
Technology, Danvers, MA, USA) with Complete Protease Inhibitor
Cocktail Tablets (Roche, Basel, Switzerland). The homogenate was
centrifuged at 9,100 × g for 20 min. The resultant supernatant was
used for the assays. Protein concentration of the supernatant was
quantified by using a Direct Detect spectrometer (Merck Millipore,
Darmstadt, Germany). Cell lysates (5 μg protein/lane) were
electrophoresed on sodium dodecyl sulfate-polyacrylamide gel and
transferred to a polyvinylidene difluoride membrane using an iBlot
Gel Transfer Device (Invitrogen). The membrane was blocked with
Blocking One (Nacalai Tesque, Kyoto, Japan) and was primarily
treated with antibody to TYMS (Cell Signaling Technology) and
antibody to β-actin (Sigma-Aldrich) for immunoblotting. ECL
Prime Western Blotting Detection Reagents and ImageQuant 400
(GE Healthcare Life Sciences, Little Chalfont, UK) were used for
detection. ImageQuant TL Software (GE Healthcare Life Sciences)
was used to digitize the strength of the bands.

Statistical analysis. The Wilcoxon test was used, with p<0.05 being
considered statistically significant. Statistical analyses were carried out
using the SAS preclinical package (SAS Institute, Inc., Tokyo, Japan).

Results

Antitumor activity of bevacizumab maintenance treatment
following bevacizumab plus paclitaxel induction treatment.
In the A549 xenograft model, TV in the bevacizumab plus
paclitaxel group on day 22 was significantly lower than that
in the control group, indicating that tumor growth was
completely inhibited during the induction treatment (Figure
1A). TV on day 85 during maintenance treatment was
significantly higher in the control group, indicating that

ANTICANCER RESEARCH 37: 623-630 (2017)

624



bevacizumab exhibited significantly strong antitumor activity
compared to control (p<0.05).

In the NCI-H292 xenograft model, TV in the bevacizumab
plus paclitaxel group on day 22 was also significantly lower
than that in the control group, indicating that bevacizumab
plus paclitaxel completely inhibited tumor growth during the
induction treatment (Figure 1B) and TV comparison on day
57 indicated that bevacizumab exhibited a significantly
strong antitumor activity compared to control by
maintenance treatment (p<0.05).

Anti-angiogenic activity of bevacizumab maintenance
treatment following bevacizumab plus paclitaxel induction
treatment in the NCI-H292 xenograft model. The MVD in
NCI-H292 tumor tissues was evaluated from specimens
obtained on days 22, 36 and 57. MVD on day 22 was
significantly inhibited during induction treatment
bevacizumab plus paclitaxel (p<0.05) (Figure 2). Moreover,
MVD in the bevacizumab maintenance group on days 36 and
57 did not differ but was significantly lower than that of the
control, indicating that bevacizumab continuously inhibited
MVD increase during maintenance treatment.

Antitumor activity of bevacizumab plus pemetrexed
maintenance treatment following bevacizumab plus
pemetrexed induction treatment in the NCI-H2228 xenograft

model. Bevacizumab plus pemetrexed completely inhibited
the tumor growth during the induction treatment (Figure 3).
The TV in each treatment group on day 85 was significantly
reduced (p<0.05) compared with the control group. Of note,
bevacizumab plus pemetrexed completely inhibited tumor
growth not only during induction but also during
maintenance treatment, with significantly stronger antitumor
activity than with monotherapy with bevacizumab (p<0.05)
or pemetrexed (p<0.05).

Anti-angiogenic activity of bevacizumab plus pemetrexed
maintenance treatment following bevacizumab plus
pemetrexed induction treatment in the NCI-H2228 xenograft
model. MVD in NCI-H2228 tumor tissues on day 85 in the
bevacizumab and bevacizumab plus pemetrexed maintenance
groups was significantly lower (p<0.05) than that in the
control and pemetrexed maintenance groups. There was no
statistical difference in MVD between the groups treated
with bevacizumab alone or with bevacizumab plus
pemetrexed maintenance (Figure 4).

TYMS expression level in the NCI-H2228 xenograft model.
TYMS expression in NCI-H2228 tumor tissue was evaluated
by western blotting on samples obtained on day 85. TYMS
expression was significantly lower (p<0.05) in the
bevacizumab and bevacizumab plus pemetrexed maintenance
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Figure 1. Antitumor activity of bevacizumab (BEV) maintenance following BEV plus paclitaxel (PTX) induction treatment in A549 and NCI-H292
xenograft models. A: Mice bearing A549 tumors were randomly divided into a control group (n=8) and a BEV+PTX group (n=36) and treated with
vehicle or drugs on days 1, 8 and 15. On day 22, mice treated with BEV+PTX were re-randomized into a control maintenance group (n=16) and a
BEV maintenance group (n=16) and treated with vehicle or BEV weekly until day 78. B: Mice bearing NCI-H292 tumors were similarly randomly
divided into a control group (n=6) and a BEV+PTX group (n=12) and treated with vehicle or drugs on days 1, 8 and 15. On day 22, mice treated
with BEV+PTX were re-randomized into a control maintenance group (n=6) and a BEV maintenance group (n=6) and treated with vehicle or BEV
weekly until day 50. The dosage of BEV and PTX was 5 mg/kg and 20 mg/kg, respectively. Data points represent the mean+SD tumor volume (mm3).
*Statistically significant differences at p<0.05 vs. control maintenance group by Wilcoxon test.



groups than that in the control and pemetrexed maintenance
groups. No significant decrease in TYMS expression was
observed in the pemetrexed group as compared with that in
the control group (Figure 5).

Discussion

The present study was conducted to respond to two clinical
questions regarding maintenance treatment with
bevacizumab in advanced NSCLC. The first question arises
from the study reported by Sandler et al. (ECOG4599 study)
(2) concerning the requirement of bevacizumab maintenance
following induction therapy with carboplatin and paclitaxel
plus bevacizumab. The second arises from the study
reported by Barlesi et al. (AVAPERL study) (3) and
concerns the comparison between pemetrexed with and
without bevacizumab in maintenance treatment following
induction therapy with cisplatin and pemetrexed plus
bevacizumab. To this end, experiments were carried out
using mouse xenograft models inoculated with human
NSCLC cell lines.

Firstly, the antitumor effect of the treatment regimen
consisting of bevacizumab maintenance treatment following
paclitaxel plus bevacizumab induction treatment was
compared with the regimen without bevacizumab
maintenance treatment following the same induction
treatment. As a result, it was shown that the regimen with
bevacizumab maintenance exhibited a stronger antitumor
effect than the regimen without bevacizumab maintenance in
two xenograft models, A549 and NCI-H292 (Figure 1).
These results suggest that to produce superior efficacy,
bevacizumab treatment is not only important during the
induction phase in combination with paclitaxel, but also as
maintenance therapy. Paclitaxel plus bevacizumab led to
significantly reduced MVD in the NCI-H292 xenograft
model on the last day (day 22) of the induction treatment
compared with the control group (Figure 2). Subsequent
treatment with bevacizumab maintained this effect in MVD
throughout the study period until day 57, i.e. no statistically
significant difference was detected between the MVD of the
paclitaxel plus bevacizumab group on day 22 and that of the
bevacizumab maintenance group on day 57 (Figure 2). These
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Figure 2. Anti-angiogenic effect of bevacizumab (BEV) maintenance following BEV plus paclitaxel (PTX) induction treatment in NCI-H292 xenograft
model. A: Tumor microvessels stained immunohistochemically with antibody to CD31 on the indicated days. B: The microvessel density (MVD) in
tumor tissue was determined by calculating the ratio of CD31-positive area to the total observed area. Data represent the mean+SD (n=6).
*Statistically significant difference (p<0.05) by Wilcoxon test. n.s.: Non-significant (p≥0.05) difference.



results indicate that bevacizumab maintenance following
bevacizumab plus paclitaxel induction is able to exert a
continuous anti angiogenic effect in this model.

Secondly, inspired by the study reported by Barlesi et al.
(AVAPERL study) (3), we investigated the antitumor effect of
the treatment regimen consisting of bevacizumab with/without
pemetrexed maintenance following bevacizumab plus
pemetrexed induction treatment in an NCI-H2228 xenograft
model. With regard to pemetrexed maintenance, the
PARAMOUNT study demonstrated significant prolongation
of OS in the pemetrexed maintenance arm compared with the
best supportive care arm following induction therapy with
pemetrexed plus cisplatin (11). Although the AVAPERL study
demonstrated the superiority of maintenance with
bevacizumab plus pemetrexed compared with that of
bevacizumab alone, comparison between maintenance with
bevacizumab plus pemetrexed and pemetrexed alone was not
investigated. Recently, a phase II study was conducted

comparing bevacizumab plus pemetrexed maintenance therapy
and pemetrexed maintenance therapy following induction
therapy with carboplatin and pemetrexed plus bevacizumab in
patients with advanced NSCLC (12). In this phase II study,
the bevacizumab plus pemetrexed maintenance arm showed
longer median PFS than the pemetrexed maintenance arm;
however, the difference was not statistically significant. The
authors pointed out the limitations of their study, which
included insufficient statistical power to detect differences due
to a limited number of patients and the necessity of further
comparative studies. In accordance with the results of the
AVAPERL study, our study showed that the regimen of
maintenance with bevacizumab plus pemetrexed exhibited a
significantly stronger antitumor effect compared with
maintenance of bevacizumab alone and compared with
maintenance of pemetrexed alone (Figure 3). These results
show the significance of continuing bevacizumab together
with pemetrexed in the maintenance phase in order to achieve
superior efficacy following bevacizumab plus pemetrexed
induction treatment.

To investigate the mechanism by which bevacizumab with
pemetrexed maintains an antitumor effect after induction
treatment, the MVD in NCI-H2228 tumors was analyzed.
Compared with the group treated with maintenance of
pemetrexed alone, the MVD was significantly lower in group
treated with bevacizumab plus pemetrexed maintenance as well
as in that given bevacizumab alone. The bevacizumab-induced
decrease in MVD was not affected by pemetrexed (Figure 4).
Furthermore, TYMS expression level was significantly lower
in the group receiving bevacizumab alone or bevacizumab plus
pemetrexed as maintenance treatments than in the control
group and that treated with maintenance of pemetrexed alone
(Figure 5). Takezawa et al. showed that the level of TYMS is
a determinant of pemetrexed sensitivity in NSCLC by forced
overexpression of TYMS and its specific down-regulation by
small interfering RNA in NSCLC cell lines (5). Indeed,
patients with NSCLC with lower tumor TYMS expression
exhibited longer PFS and OS by pemetrexed therapy in a few
studies (5-7). Therefore, in addition to the reduction of
angiogenesis, the decrease in TYMS by continuous
administration of bevacizumab may also contribute to the
strong antitumor effect of maintenance treatment of
bevacizumab plus pemetrexed following the same as induction
treatment. The precise mechanism by which bevacizumab
reduces the TYMS level remains to be elucidated.

In conclusion, the present study showed that (i)
bevacizumab maintenance treatment following bevacizumab
plus paclitaxel induction treatment produced a superior
antitumor effect compared with no maintenance and (ii)
bevacizumab plus pemetrexed maintenance treatment
following bevacizumab plus pemetrexed induction treatment
had a superior antitumor effect compared with maintenance
pemetrexed alone following the same induction treatment.
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Figure 3. Antitumor activity of bevacizumab (BEV) plus pemetrexed
(PEM) maintenance following BEV plus PEM induction treatment in
NCI-H2228 xenograft model. Mice bearing NCI-H2228 tumors were
randomly divided into a control group (n=5) and a BEV+PEM group
(n=28) and treated with vehicle or drugs on days 1, 8 and 15. On day
22, mice treated with BEV+PEM were re-randomized into four groups
(n=7 per group): control maintenance, BEV maintenance, PEM
maintenance and BEV plus PEM maintenance groups. Mice were
treated with vehicle, BEV with/without PEM weekly until day 78. The
dosage of BEV and PEM was 5 mg/kg and 400 mg/kg, respectively.
Data points represent the mean+SD tumor volume (mm3). Statistically
significant different at p<0.05 vs. acontrol maintenance, bBEV
maintenance, and cPEM maintenance by Wilcoxon test. 
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Figure 4. Anti-angiogenic activity of bevacizumab (BEV) plus pemetrexed (PEM) maintenance following BEV plus PEM induction treatment in NCI-
H2228 xenograft model. A: Tumor microvessels stained immunohistochemically with antibody to CD31 on day 85. B: The microvessel density (MVD)
in tumor tissue was determined by calculating the ratio of the CD31-positive area to the total observed area. Data represent the mean+SD (n=6-
7). *Statistically significant difference (p<0.05) by Wilcoxon test. n.s.: Non-significant (p≥0.05) difference. 

Figure 5. Thymidylate synthase (TYMS) expression level in NCI-H2228 xenografts treated with bevacizumab (BEV) plus pemetrexed (PEM)
maintenance following BEV plus PEM induction treatment. A: TYMS expression in tumor tissue was analyzed by western blotting with antibody to
TYMS on day 85. B: The TYMS expression level was determined by calculating the ratio of TYMS/β-actin. Data represent the mean+SD (n=6).
*Statistically significant difference (p<0.05) by Wilcoxon test. n.s.: Non-significant (p≥0.05) difference. 



Both of these maintenance treatments with bevacizumab
resulted in a continuous reduction of MVD, which suggests
it is the main mechanism underlying the superior efficacy in
maintenance treatments that include bevacizumab. These
results suggest that the continuation of bevacizumab as a
maintenance therapy after induction treatment including
bevacizumab is beneficial for patients with advanced
NSCLC, regardless of combined chemotherapy.
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