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Abstract Bevacizumab (BEV, Avastin®) produces
durable objective radiological responses of 20-26 %,
median response durations of 16-18 weeks, and median
overall survival (mOS) of 31-40 weeks. While the use of
BEV is well-established, the lack of dose-response studies
in glioblastoma (GBM) patients raises the question whether
current dosing practice is optimal. As a result of differing
approaches to BEV dosing that ranged from the FDA
approved package insert dose of 10 mg/kg every 2 weeks
to 7.5 mg/kg every 3—4 weeks, among physicians within
Northern California Kaiser Permanente hospitals over 4+
years, we did an IRB-approved retrospective analysis of
patients seen in Northern California Kaiser Permanente
facilities and treated with BEV. Between September 1,
2008 and August 31, 2013, 181 patients received BEV for
tumor progression/recurrence starting 2.6 weeks after
completion of chemoradiation. The integrated BEV
administered dose-week (AUCggy) for all patients had a
median AUCggy of 3.6 mg-wk/kg). Maximum likelihood
analysis found patients over 65 years did worse than

Electronic supplementary material The online version of this
article (doi:10.1007/s11060-014-1693-x) contains supplementary
material, which is available to authorized users.

V. A. Levin (X)) - N. D. Mendelssohn -

M. C. Stovall - S. J. Peak

Department of Neurosurgery and Neuroscience, Kaiser
Permanente, 1150 Veterans Boulevard, Redwood City,
CA 94063, USA

e-mail: vlevinl 1 @gmail.com

J. Chan - R. L. Hui
Pharmacy Outcomes Research Group, Kaiser Permanente,
Oakland, CA, USA

J. L. Yee - D. M. Chen
Oncology CAMS, Kaiser Permanente, Oakland, CA, USA

younger patients (p = 0.004), women lived longer
(p = 0.002), and patients treated below the AUCggy did
better than those treated above the median AUCggy
(p = 0.003). mOS for BEV starting 1 month after che-
moradiation was 45 versus 68 weeks (p = 0.012) and BEV
starting 3 months after chemoradiation was 40 versus
74 weeks (p = 0.0085). Dosing BEV at half the standard
dose for progressive/recurrent GBM was at least equivalent
to or, maybe better than standard dosing. Unexplained was
the observation that females had longer OS with BEV than
males.

Keywords Glioblastoma recurrence - Bevacizumab
(Avastin) therapy - Retrospective analysis - Drug dose

Introduction

Bevacizumab (Avast®) was approved by the FDA for the
treatment of recurrent glioblastoma (GBM) in May 2009
based on durable objective radiological responses. The two
clinical trials leading to approval used IV bevacizumab
(BEV) of 10 mg/kg every 2 weeks [1-4]. In one trial of 85
patients, partial responses (PR) were observed in 25.9 %
(95 % CI. 17, 36); the median response duration was
4.2 months (95 % CI: 3, 6) [1]. In a second trial of 56
GBM patients, PR was 19.6 % (95 % CI: 11, 31) and the
median response duration was 3.9 months (95 % CI: 2.4,
17.4) [4]. The overall survival (OS) reported for BEV from
these studies ranged between 31 and 40 weeks [1, 4]. From
these approval studies, adverse events of any grade were
reported as infection, fatigue, headache, hypertension,
epistaxis, and diarrhea. Adverse events of grade level 3-5
included bleeding/hemorrhage, central nervous system
(CNS) hemorrhage, hypertension, venous and arterial
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thromboembolic events, wound-healing complications,
proteinuria, gastrointestinal perforation, and reversible
posterior leukoencephalopathy [2].

In addition to these studies and others reporting benefit for
patients with recurrent GBM, it was also found that BEV
stopped the progression of CNS radiation-induced brain
necrosis [5—10]. One study also established class 1 evidence
of benefit in a randomized placebo-controlled trial of
symptomatic patients [6]. In that, and a prior study [5], the
group at the University of Texas M.D. Anderson Cancer
Center found that a dose of BEV of 7.5 mg/kg every 3 weeks
was adequate to reduce radiographic effects of radiation
necrosis. It has been a concern of ours, based on population
pharmacokinetics of BEV that found a T, ;g 0f 19.9 days and
accumulation of BEV on both a two-week and three-week
schedule, [11] that a three-week dosing schedule would be
satisfactory and more convenient for patients. Furthermore,
since no dose—effect study had been done with BEV in GBM
patients, it was problematic whether 10 mg/kg every
2 weeks, 5 mg/kg every 2 weeks, or 7.5 mg/kg every
3 weeks would provide any meaningful difference in the
clinical efficacy of BEV in GBM patients. In addition, the
oncology community endorsed BEV at 5 mg/kg every
2 weeks for colorectal, breast cancer, and NCSLC. A similar
argument was made in an editorial by Wick and colleagues
who questioned the scientific rationale for the 10 mg/kg
every two-week dose of BEV in GBM patients since no
dose—effect study had ever been done in GBM patients [12].
In 2010, one of us (VAL) started working as a neuro-
oncologist for a Kaiser Permanente hospital and only treated
patients with BEV at starting doses of 7.5 mg/kg or lower at
intervals of 3 weeks. In 2010, Kaiser physicians and nurse
practitioners used the FDA approved package insert dose of
10 mg/kg every 2 weeks. Over the next 4 years, most pre-
scriptions for BEV in the treatment of progressive/recurrent
GBM slowly fell in dose and increased in interval between
treatments. As a result of changing practice patterns, we
decided to do a retrospective analysis of patients seen in
Northern California Kaiser Permanente facilities and treated
with BEV for presumed progressive/recurrent glioblas-
toma. The goal of the study was to determine if there was a
difference in patient OS and adverse events as a function of
administered dose of BEV.

Methods

IRB approval was obtained to conduct a retrospective chart
review of all patients treated with BEV for progressive/
recurrent GBM in Northern California Kaiser Permanente
facilities between September 1, 2008 and August 31, 2013.
Our goal was to determine whether overall survival (OS)
was affected by the BEV dose administered since it might
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have an impact on OS and adverse events. Patient records
in Kaiser’s Epic Health Connect database were interro-
gated together with the intravenous drug dosing for BEV
obtained from the Beacon database using the Beacon
COPS/CAMMOLOT database to locate patients from
Northern California that had received BEV for the treat-
ment of progressive/recurrent GBM. We found 181
patients that fulfilled criteria for treatment of recurrent
glioblastoma. Information that was sought for each patient
include: age at first BEV dose, date of first BEV dose, BEV
dose administered per course, number of courses of BEV,
duration of all BEV treatments (first dose to last dose), total
BEV administered, date and type of external beam radia-
tion therapy (EBRT), date and type of most recent GBM
surgery prior to first BEV dose, duration and number of
cytotoxic chemotherapy treatment courses during BEV
treatment, and overall survival (OS) from first BEV treat-
ment or last contact date if the patient is still alive.

We determined OS from the time of first BEV dose for
patients who received their first BEV dose at least 2.6 weeks
after completion of EBRT. Since patients will receive a
starting dose, but, over their remaining life, may have a
change in weeks between treatments, lapses in BEV treat-
ment for a variety of reasons, and reduction in treatment
doses, we elected to use their integrated exposure dose as the
primary measure of BEV dose. The approach we used to
compute BEV an actual received dose per week value is
similar to that used previously [13]. By this method,

AUCggy = sum of mg/kg dose for all BEV cycles (1)

Dose-week = AUCggy/(total wks on BEV + 2)
= mg- wk/kg (2)

In Eq. 2 the number 2 represents weeks from last treatment
as an estimate of duration effect of the last dose of BEV.

Our initial statistical approach was to analyze the impact
of various BEV dose parameters on OS. We used Kaplan—
Meier representation [14] and compared the two curves
using the log-rank test [15] and Gehan-modified Wilcoxon
test [16]. We also used Cox proportional hazards regression
model to provide point and interval estimates of the hazard
ratios (HR) for overall survival in relation to age of initial
Bevacizumab therapy, gender, full or reduced dose of
Bevacizumab, and surgical status. Analysis was done with
SAS v. 9.2 (SAS Institute Inc. Cary, NC). All statistical
tests were two-sided.

Results

The demographics of the 181 patients found with sufficient
information and at least two doses of BEV are shown in
Table 1. The patient group is typical for GBM with a
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Table 1 Patient demographics Parameter Value
for 181 patients treated with
BEV for progressive or All patients <3.6 mg-wk/kg >3.6 mg-wk/kg
recurrent GBM patients in five- -
year period. The group is shown Patients 181 90 91
together with patients treated Median age (range) 60 (19-89) 60 (19-89) 58 (19-80)
with AUCggy below and equal g 510 mate 65:116 29:61 36:55
or above the median of .
3.6 mg-wk/kg Median KPS (range) 86 (70-100)* 90 (65-90) 90 (70-100)
Surgical Biopsy (%) 14 19 10
Surgical STR (%) 45 46 44
Surgical GTR (%) 41 36 46
EBRT to 60 Gy (%) 91 88 93
EBRT to 3942 Gy (%) 9 12 7
EBRT to BEV, median weeks (range) 14.3 (3-825) 14.3 14.1
Other chemotherapy with BEV (%) 25 23 31
AUCggy, median mg-wk/kg (range) 3.6 (0.9, 5.5) - -
Total BEV, median mg/kg (range) 7543 (659, 58,800) - -
* Only 85 patients had Last BEV to death, median weeks (range) 114 (1, 72) - -

performance score charted

median age of 60 years, a male preponderance (1.8:1),
surgical resection almost equally divided between subtotal
resection (STR) and gross total resection (GTR) of gado-
linium-contrast tumor based on MRI, and most patients
receiving 60 Gy EBRT with less than 10 % receiving
hypofractionated EBRT (39-42 Gy in 13-17 fractions).
Using all 181 patients as a basis, the median AUCggy was
3.6 mg-wk/kg. There were no statistical differences in
baseline demographic and clinical characteristics between
patients who received bevacizumab below the median dose
and those who received equal to or above the median
dose. To determine if the starting dose of BEV was
reflected in the computed AUCggy, we compared the
starting dose of BEV to the AUCggy for each patient.
We found a low correlation coefficient of 0.44 and r2 of
0.19 indicating a poor correlation that further supported
the AUCggy analyses.

Since patients and their MRI can show subacute radiation
effect (also called pseudo-progression) after completion of
EBRT and up to about week 12 [17-23], we elected to present
three groups of patients that had MRI progression of tumor
starting 2.6 weeks after completion of EBRT, at 1 month
(4.3 weeks) after EBRT, and at 3 months (13 weeks) after
EBRT. We analyzed these three patient groups using the
median AUCggy of 3.6 as the breakpoint. These three groups
are shown in Figs. 1, 2 and 3. For the entire group of 181
patients who progressed after 2.6 weeks (Fig. 1), the mOS is
60 weeks for those treated at <3.6 mg-wk/kg and mOS is
45 weeks for those treated >3.6 mg-wk/kg with a log-rank
p = 0.029. For those after 1 month (4.3 weeks, Fig. 2) the
mOS is 68 weeks for those treated at <3.6 mg-wk/kg and
mOS is 45 weeks for those treated >3.6 mg-wk/kg with alog-
rank p = 0.012. For those progressing after 3 months
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Fig. 1 Kaplan—Meier representation of all 181 patients treated with
IV BEV starting 2.6 weeks after completion of EBRT. For patients
treated below the median AUCggy exposure dose of 3.6 mg-wk/kg,
the mOS was 60 weeks (E/N = 72/106); for patients equal to
or above that median, mOS was 45 weeks (E/N = 60/75). The
differences between the two curves by the log-rank test was
significant at p = 0.029

(13 weeks, Fig. 3) the mOS is 74 weeks for those treated at
<3.6 mg-wk/kg and mOS is 40 weeks for those treated
>3.6 mg-wk/kg with a log-rank p = 0.0085.

Analysis of covariates (Table 2) that impact OS for the
181 patient group finds that patients over 65 years do worse
than those younger patients (p = 0.0035), female gender
lived longer (p = 0.0024), and patients treated at
AUCggy <3.6 mg-wk/kg do better than those treated at
higher AUCggy (p = 0.0027). Surprising was the finding
that female gender led to longer OS. In an effort to better
understand this observation, we evaluated gender for dif-
ferences in Karnofsky Performance Score or extent of
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Fig. 2 Kaplan—-Meier representation of 155 patients treated with IV
BEV starting 4.3 weeks (1 month) after completion of EBRT. For
patients treated below the median AUCggy exposure dose of
3.6 mg-wk/kg, the mOS was 68 weeks (E/N = 53/81); for patients
equal to or above that median, mOS was 45 weeks (E/N = 59/74).
The differences between the two curves by the log-rank test was
significant at p = 0.012
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Fig. 3 Kaplan—Meier representation of 97 patients treated with IV
BEV starting 13 weeks (3 month) after completion of EBRT. For
patients treated below the median AUCggy exposure dose of
3.6 mg-wk/kg, the mOS was 74 weeks (E/N = 30/50); for patients
equal to or above that median, mOS was 40 weeks (E/N = 39/47).
The differences between the two curves by the log-rank test was
significant at p = 0.0085

surgery. By Chi square test there was no difference in
initial Karnofsky Performance Score, equal to or above 90,
and gender. Likewise, there was no difference in surgical

status (biopsy, subtotal resection, or gross total resection)
and gender.

There were no differences in AE for patients treated above
and below the median AUCggy (Table 3). The determination
of hypertension (HTN) due to or exacerbated by differing
doses of BEV was investigated through medical and antihy-
pertensive drug histories. Eighty (44 %) patients had HTN
before starting BEV; there were 12/91(13 %) in the group
equal to or above the median AUCggy and 17/90(19 %) in the
group below the median AUCggy. Worsening in HTN or new
HTN was seen in 26/91(29 %) in the above median AUCggy
and 32/90(36 %) in the below median AUCggy group
(p = 0.34). Thus, it appears that worsening or new HTN was
similar in patients regardless of BEV dosing.

Discussion

BEV is used for palliative therapy in patients with pro-
gressive/recurrent GBM based on studies that showed PR
in 20-26 %, a median response duration of ~4 months,
and OS of 7-9 months [1, 4].

Newer studies have also confirmed similar results with
the BELOB trial in the Netherlands showing median PFS
of 3 months and mOS of 8 months [24]. In another study,
BEV treatment was evaluated based on whether BEV was
given for early or late progression/recurrence [25]. In that
study, median PFS was 4 months and mOS was nearly
10 months and similar for all three recurrence groups.

The use of IV BEV for the treatment of recurrent GBM
appears to be effective whether using the FDA suggested
dose of 10 mg/kg every 2 weeks or doses lower such as
7.5 mg/kg every 3 weeks. The analysis of the Northern
California Kaiser Permanente set of 181 patients shows
that there is persistent difference in OS with median
AUCggy that favors lower dosing compared to the FDA
approved Roche/Genentech dosing recommendation. In
addition, our mOS exceeds that quoted in the literature for
progressive/recurrent GBM treated with BEV [1, 2, 4, 24,
25]. Using a reduced dose of BEV of 7.5 mg/kg every
3 weeks. Raizer and colleagues found a median PFS of
2.7 months and mOS of 6.4 months [26]. Wong and col-
leagues did a meta-analysis of 548 patients from the liter-
ature that were treated at 5, 10, and 15 mg/kg for

Table 2 Analysis of covariates of age, gender, and AUCggy (below median 3.6 mg-wk/kg) for 181 patients with GBM treated at progression or

recurrence with Bevacizumab

Parameter DF Estimate (SE) Chi square test P-value HR (95 % confidence interval)
Age, over 65 years 1 0.58 (0.20) 8.50 0.0035 1.80 (1.21, 2.67)
Gender, female 1 —0.58 (0.19) 9.24 0.0024 0.56 (0.39, 0.81)
AUCggy <3.6 mg-wk/kg 1 —0.55 (0.18) 9.03 0.0027 0.58 (0.40, 0.83)
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Table 3 Adverse effects

AUCggy >3.6 mg-wk/g AUCggy <3.6 mg-wk/kg

resulting from BEV compared
to the median AUCggy of
3.6 mg-wk/kg for 181
progressive or recurrent GBM
patients

Patients

Arterial thrombosis
VTE

Bleeding

Wound healing

Hypertension (new or worsening)

91 90

10 (11 %) 10 (11.1 %)
5(5.5 %) 4 (4.4 %)
3 (3.3 %) 1 (1.1 %)
1(1.1 %) 0 (0 %)

26 (28.6 %) 32 (35.6 %)

progressive/recurrent GBM but found no difference PFS at
6 months or OS at 6 months [27].

To better understand the basis for this, we divided our
patients into groups of varying time after EBRT as we
assumed that subacute radiation effect (pseudoprogression)
might be a confounding issue and affect response to BEV
treatment. By 3 months after EBRT, we expected that most
patients who progressed would do so because of tumor
growth or, possibly, a mixture of radiation effect and tumor
growth. Nonetheless, in all three groups studied, whether
progressive by MRI at 2.6 weeks, 1 or 3 months after EBRT,
patients treated at lower doses (AUCggy <3.6 mg-wk/kg)
than the FDA-approved dose showed longer mOS.

We also interrogated the patients surviving more than
1 year on BEV and found that approximately 45 % of
patients survived 52 weeks or longer from the first date of
treatment with BEV. We found that a significantly greater
percent of patients were in the reduced-dose group, 53 %
versus 37 % (p = 0.03 by Chi square test). After adjusting
for gender, surgical status, and whether they initiated
treatment at an age greater than 65 years, we found that
those who received reduced dose of BEV were more than
twice as likely (logistic regression odds ratio 2.16, 95 %
CI, 1.14, 4.03) to survive at least 52 weeks.

Patients treated above the median 3.6 mg-wk/kg in this
study have comparable mOS to the 31- to 40-week mOS
reported in the literature for full dose BEV [1, 4]. Other
than receiving a lower dose of BEV, we have been unable
to determine an independent causal link between those
patients receiving an AUCggy below the median to those
above the median. We could find no differences in covar-
iates of age, gender, extent of surgery, and Karnofsky
Performance Score between those treated below or above
median AUCggy. What remains unexplained as well is
why female gender led to better outcome.

Lastly, we looked at the time from last BEV dose to
death. The median was 12.2 weeks (range 1-73 weeks) in
132 patients with an event. Of this group, 4.5 % had last
BEYV dose to death <2 weeks and 10 % <3 weeks. This in
keeping with a recent report of Rodriguez and colleagues
who reported on 6089 patients with solid tumors treated at
the University of Texas M.D. Anderson Cancer Center
[28].

In conclusion, treatment for recurrent GBM with BEV
appears to improve survival at a dose lower than that in the
FDA drug insert. In addition, since the interval between
doses moves from 2 to 3 weeks, patients find it more
convenient and less costly per month of treatment. Given
the potential benefit of lower dose BEV to our patients, it
would be helpful to have prospective randomized dose-
finding study for progressive/recurrent GBM patients to
confirm the validity of our observation.
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