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ABSTRACT

Bevacizumab significantly extends progression-free sur-
vival (PFS) and overall survival (OS) times when com-
bined with initial chemotherapy and continued as
monotherapy until disease progression or unacceptable
toxicity in patients with nonsquamous non-small cell lung
cancer (NSCLC). In clinical practice, bevacizumab is
sometimes discontinued after completion of chemother-
apy. This retrospective analysis of the US Oncology net-
work’s electronic medical records evaluated the
association between PFS and OS times and bevacizumab
monotherapy to progression (BTP) among patients with
advanced NSCLC.

Patients treated from July 2006 through June 2008 were
analyzed as two cohorts based on whether or not they re-
ceived BTP after completion of first-line chemotherapy
plus bevacizumab. Hazard ratios for PFS and OS were es-
timated using Cox proportional hazards, adjusting for rel-
evant treatment and patient characteristics. To account

for survivorship bias, landmark analyses were conducted
at 18, 21, and 26 weeks from initial therapy to examine re-
sidual PFS and OS times, defined as the time from the
landmark to disease progression or death.

From the total 498 nonsquamous NSCLC patients,
403 received first-line chemotherapy plus bevacizumab:
154 received BTP, 249 did not. Longer PFS and OS
times were observed in patients who received BTP than
in those who received no BTP (median OS, 20.9 months
versus 10.2 months; median PFS, 10.3 months versus 6.5
months). BTP was associated with a longer residual OS
time at all specified landmarks and longer residual PFS
time at week 18 than with no BTP.

In conclusion, this retrospective analysis provides sup-
portive evidence that continued vascular endothelial
growth factor suppression in advanced nonsquamous
NSCLC patients is associated with favorable clinical out-
comes. The Oncologist 2011;16:486–496

INTRODUCTION

Lung cancer is the second most common cancer diagnosed
in the U.S. and is the leading cause of cancer-related deaths.

In 2009, an estimated 219,440 new patients were diagnosed
and 159,390 patients succumbed to the disease [1]. Non-
small cell lung cancer (NSCLC) accounts for �80% of all
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lung cancer cases. The large majority (70%) of advanced
NSCLC patients are diagnosed with advanced stage (stage
III/IV) disease. For these patients, the prognosis tends to be
poor, with 5-year survival rates estimated at 9%–25% for
patients with stage III disease and only 2% for patients with
stage IV disease [2]. Traditional chemotherapy regimens
include platinum-based doublets, such as carboplatin plus
paclitaxel and cisplatin plus gemcitabine, and more recent
regimens such as cisplatin plus pemetrexed. Although there
is some evidence [3] that newer treatment options have led
to incremental improvements in overall survival (OS) and
progression-free survival (PFS) times, there is currently no
universally accepted standard regimen for the first-line
treatment of advanced NSCLC patients.

Inhibition of vascular endothelial growth factor
(VEGF), an epithelial cell–specific mitogen, has become an
important modality in cancer therapy because of the mech-
anistic role of angiogenesis in tumor progression [4]. Bev-
acizumab (Avastin�; Genentech, Inc., South San Francisco,
CA), a humanized monoclonal antibody targeting VEGF,
was approved by the U.S. Food and Drug Administration
(FDA) in 2006 for the first-line treatment of advanced
NSCLC patients in combination with carboplatin and pac-
litaxel. Numerous clinical trials have demonstrated the
safety and efficacy of bevacizumab (BV) when combined
with chemotherapy (CT) for the treatment of advanced
NSCLC patients. A phase II trial [5] provided initial evi-
dence of efficacy, as demonstrated by a longer PFS interval.
In 2006, the results of the phase III Eastern Cooperative On-
cology Group (ECOG) 4599 study demonstrated longer OS
and PFS times in patients treated with carboplatin, pacli-
taxel, and BV [3]. A second phase III study [6] demon-
strated a longer PFS interval in the BV plus CT arm. In
the ECOG 4599 and Avastin in Lung trial, BV was ad-
ministered through all cycles of CT and then continued
as monotherapy until disease progression or unaccept-
able toxicity, supported by preclinical evidence that sus-
tained VEGF inhibition maintains tumor regression [7,
8]. In clinical practice, however, BV is often discontin-
ued after completion of CT.

With the increasing use of electronic medical records
(EMRs) in the oncology setting, there will be new oppor-
tunities to explore real-world clinical outcomes and to
generate hypotheses on the comparative effectiveness of
therapies, including the incremental benefit of maintenance
therapy. The goal of this retrospective EMR-based study
was to evaluate the potential association between BTP and
OS and PFS among advanced nonsquamous NSCLC pa-
tients receiving first-line CT plus BV in the outpatient com-
munity setting.

MATERIALS AND METHODS

Data Source
Clinical data were abstracted from iKnowMed (iKM), US
Oncology Inc.’s (The Woodlands, TX) oncology-specific
EMR system, which contains data from 884 community-
based oncologists across US Oncology practices or clinics
in 20 states. Patient characteristics abstracted from iKM in-
cluded age, gender, region of practice, payor status, clinical
stage, histologic type, Karnofsky performance status (KPS)
score, body mass index (BMI), hemoglobin (Hgb) level,
and location of metastases. The KPS score, Hgb level, and
BMI were measured prior to initiation and after completion
of CT. Treatment characteristics included dose and dura-
tion of CT and BV. Documented vital status in iKM was
supplemented with data from the Social Security Death
Master File to identify additional decedents. The institu-
tional review board at US Oncology approved the use of in-
stitutional patient data for this study.

Study Population
All patients with advanced nonsquamous NSCLC who
were initiated on a first-line CT regimen plus BV were ret-
rospectively identified within the US Oncology network
between July 1, 2006 and June 30, 2008. Patients were fol-
lowed to June 30, 2009 or the date of death/last follow-up
date for the purpose of measuring clinical outcomes. Iden-
tified patients had a potential follow-up duration of 12–36
months. Patients who were enrolled in a clinical study or
received care for any cancer other than nonsquamous
NSCLC during the study period were also excluded.

Patients were analyzed in two treatment cohorts based
on whether or not they continued to receive BV mono-
therapy to disease progression (BTP) following the comple-
tion of first-line combination therapy with CT and BV. In
order to be included in the BTP cohort, patients had to have
been initiated on BV monotherapy within 30 days follow-
ing their final CT administration. Using an intent-to-treat
approach, patients who received BV monotherapy within
30 days following CT completion, but did not continue until
disease progression, were assigned to the BTP cohort. Pa-
tients who progressed within 30 days following completion
of CT were excluded from the study because they would not
have had the opportunity to receive BV monotherapy fol-
lowing completion of CT and as such could not be appro-
priately assigned to either cohort.

Statistical Analyses
Descriptive summaries of patient characteristics were con-
ducted overall and by treatment cohort to describe the study
population and to identify potential underlying differences

487Nadler, Yu, Ravelo et al.

www.TheOncologist.com



between treatment cohorts. Outcomes included the OS time
measured from the initiation of CT until death or loss to fol-
low-up and the PFS interval measured from the initiation of
CT to progression, which was defined by an escalation in
line of therapy or death. Following the completion of first-
line therapy, the date of progression was identified as the
date that a patient was initiated on second-line therapy. This
escalation in line of therapy is documented in a standard-
ized fashion in iKM. Switches in regimens resulting from
toxicity or other nonprogression events do not lead to an es-
calation in line of therapy. Patients who were lost to fol-
low-up or who had not experienced disease progression or
death were censored at their last clinic visit date or the end
of the study period (June 30, 2009), respectively.

Standard survival analysis techniques were used for es-
timating and comparing OS and PFS times (Kaplan–Meier
and log-rank tests, Cox proportional hazard regression).
The proportionality assumption was confirmed using the
goodness-of-fit test developed by Harrell and Lee [9]. Co-
variates and stratification variables that were considered in
the primary modeling included age, gender, clinical stage at
diagnosis, KPS score, BMI, Hgb level, and dose of BV dur-
ing CT. Backwards elimination was used to identify signif-
icant covariates for inclusion in the Cox regression models.
Statistical significance was determined at an � � 0.05 level
and all tests of significance were two-sided.

Landmark analyses were performed to address the pos-
sibility of survivorship and selection bias that results from
patients surviving long enough to have the opportunity to
receive BTP [10 –12]. Three landmark timepoints were
chosen for this study—18, 21, and 26 weeks. Only patients
who were alive and progression free at the time of the land-
marks were included. Residual OS and PFS times were
measured with the index date assigned as the landmark
timepoint with follow-up to death or progressive disease,
respectively. Cox proportional hazard models were run for
each of the landmarks.

Sensitivity Analyses
Sensitivity analyses were performed to evaluate the robust-
ness of the associations observed in this study. Because pa-
tients in the BTP cohort received a greater number of CT
cycles than those in the no BTP cohort, this covariate was
included in a secondary Cox model in order to better under-
stand the differences in OS and PFS between the BTP and
no BTP cohorts. Furthermore, whereas the primary analysis
used an intent-to-treat approach in which patients were in-
cluded in the BTP cohort if they received BV monotherapy
that was discontinued �21 days prior to disease progres-
sion, we conducted secondary analyses in which these pa-
tients were assigned to the no BTP cohort to assess whether

or not this alternate assignment to BTP cohorts would im-
pact the results. Finally, to assess whether differences in
second-line therapies might have contributed to differences
in OS between the BTP and no BTP cohorts, second-line
therapies that patients received following their first disease
progression were described.

RESULTS

We identified 498 advanced nonsquamous NSCLC patients
who received first-line CT with BV from July 1, 2006 to
June 30, 2008 (Fig. 1). Of these 498 patients, 95 were ex-
cluded because their regimens were modified or changed
during the course of their first-line therapy (n � 60), they
received only BV monotherapy without CT (n � 21), or
they progressed/died within 30 days of completion of CT
(n � 14). The final study population included 403 patients:
249 (62%) did not continue receiving BV monotherapy fol-
lowing the completion of CT (no BTP cohort) and 154
(38%) continued to receive BV monotherapy following the
completion of CT (BTP cohort). In the BTP cohort, 19 pa-
tients received BV after CT but it was discontinued �21
days prior to disease progression.

Table 1 presents clinical/demographic characteristics
overall and by treatment cohort. For the entire cohort, the
median age was 67 years (range, 30–89 years), 55% (n �
222) were male, 80% (n � 322) were diagnosed with ad-
vanced stage disease (stage IIIB and stage IV) and the re-
mainder were diagnosed with earlier disease stage but later
progressed to metastatic disease, and 83% (n � 336) were
treated with combination platinum- and taxane-based ther-
apy. The majority of patients (61%) were treated at prac-
tices in the southeast (30%) and southwest (31%) regions of
the U.S., whereas the remainder were treated in the west
(16%), central (12%), and northeast (12%) regions. Given
the age of this population, most (57%) were Medicare pa-
tients. Baseline and treatment characteristics for the BTP
and no BTP cohorts were similar except that the BTP cohort
tended to have better KPS scores prior to CT and a greater
number of completed CT cycles.

Unadjusted Kaplan–Meier estimates of the median OS
and PFS times for the BTP and no BTP cohorts are shown in
Figure 2. The median OS time for the BTP cohort was sig-
nificantly longer than that for the no BTP cohort (20.9
months versus 10.2 months, respectively). The PFS dura-
tion was also significantly longer in the BTP cohort than in
the no BTP cohort (10.3 months versus 6.5 months, respec-
tively). In a Cox regression analysis using a backwards
elimination approach (Table 2), the BTP cohort was found
to have a 49% lower overall mortality risk than the no BTP
cohort (hazard ratio [HR], 0.51; 95% confidence interval
[CI], 0.34 – 0.77) after adjusting for stage at diagnosis,
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post-CT KPS score, and BV dose during the CT phase. Pa-
tients in the BTP cohort had a 35% lower risk for disease
progression relative to those in the no BTP cohort (HR,
0.65; 95% CI, 0.47–0.91) after controlling for stage at di-
agnosis, post-CT KPS score, post-CT Hgb, and BV dose
during the CT phase (Table 3).

Landmark Analyses
To control for survivorship bias between the BTP and no
BTP cohorts, landmark analyses were conducted at 18, 21,
and 26 weeks from treatment initiation to evaluate the as-
sociation between BTP and the residual OS and PFS times
from these landmarks (Fig. 3). BTP remained associated
with a longer residual OS time at each landmark. Among
those who were alive and progression free at 18 weeks (no
BTP, n � 165; BTP, n � 138), BTP was associated with a
46% lower risk for death (HR, 0.54; 95% CI, 0.34–0.86).
This association between BTP and a longer residual OS
time persisted among patients who remained progression
free and alive at 21 weeks (HR, 0.58; 95% CI, 0.35–0.94)
and at 26 weeks (HR, 0.61; 95% CI, 0.37–0.98).

In landmark analyses of PFS, BTP was associated with
a longer PFS time at 18 weeks (HR, 0.73; 95% CI, 0.56–
0.96), but the association was no longer observed at 21
weeks (HR, 0.82; 95% CI, 0.28–1.09) and 26 weeks (HR,
0.79; 95% CI, 0.51–1.21).

Sensitivity Analyses
Sensitivity analyses were conducted to evaluate the robust-
ness of our observed associations. Because the BTP and no

BTP cohorts differed in the number of CT cycles they re-
ceived, we conducted secondary analyses wherein the num-
ber of CT cycles was included as a covariate in the Cox
models. Point estimates for OS remained similar when the
number of CT cycles was added to the model (HR, 0.55;
95% CI, 0.37– 0.84). However, the association between
BTP and PFS was attenuated when the number of CT cycles
was added to the model (HR, 0.75; 95% CI, 0.53–1.06).

Sensitivity analyses were also carried out to determine
how cohort assignment affected our results. Although the
primary strategy for cohort assignment included an intent-
to-treat approach in which patients (n � 19) with BV mono-
therapy that was discontinued prior to disease progression
were included in the BTP cohort, secondary analyses were
conducted in which those patients were reassigned to the no
BTP cohort. When these patients were assigned to the no
BTP cohort, the median OS times (20.9 months versus 10.9
months, respectively) and median PFS times (10.1 months
versus 6.9 months, respectively) for the BTP and no BTP
cohorts were similar to those observed in the original anal-
yses. In the landmark analyses, BTP remained significantly
associated with OS at 18 weeks (HR, 0.56; 95% CI, 0.35–
0.88) and 21 weeks (HR, 0.61; 95% CI, 0.38–0.98), but
was only marginally associated with OS at 26 weeks (HR,
0.61; 95% CI, 0.36–1.02). BTP remained associated with
PFS at 18 weeks (HR, 0.68; 95% CI, 0.47–0.98) but not at
21 weeks (HR, 0.78; 95% CI, 0.53–1.14) or 26 weeks (HR,
0.77; 95% CI, 0.52–1.14).

To assess whether differences in second-line therapies
might have contributed to differences in OS between the

n = 498 advanced non-squamous NSCLC 
patients from full EMR receiving first-line 
bevacizumab from 7/1/2006 – 6/30/2008 

81 patients

95 patients 

60 patients 

60 patients receiving multiple 
first-line regimens 

21 patients with bevacizumab 
monotherapy  

No BTP 
n = 249 

BTP 
n = 154 

n = 403 

14 patients who progressed/died 
within 30 days of last chemo cycle

n = 438

n = 417

Figure 1. Nonsquamous NSCLC patients identified for the BTP and no BTP cohorts.
Abbreviations: BTP, bevacizumab monotherapy to progression; EMR, electronic medical record; NSCLC, non-small cell lung

cancer.
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Table 1. Clinical and demographic characteristics of overall patient population and the BTP and no BTP cohorts

Total (n � 403)

Received BTP

No (n � 249) Yes (n � 154)

Age, yrs
Mean (SD) 66.3 (10.3) 66.5 (10.6) 65.9 (9.9)
Median (range) 67 (30–89) 67 (30–89) 66 (44–89)
�65 161 (40%) 93 (37%) 68 (44%)
65� 242 (60%) 156 (63%) 86 (56%)

Gender
Male 222 (55%) 139 (56%) 83 (54%)

Region
Central 47 (12%) 27 (11%) 20 (13%)
Northeast 47 (12%) 34 (14%) 13 (8%)
Southeast 119 (30%) 68 (27%) 51 (33%)
Southwest 124 (31%) 77 (31%) 47 (31%)
West 66 (16%) 43 (17%) 23 (15%)

Payer
Medicare 231 (57%) 146 (59%) 85 (55%)
Private 149 (37%) 92 (37%) 57 (37%)
Other 23 (6%) 11 (4%) 12 (8%)

Stage at diagnosis
I 18 (5%) 9 (4%) 9 (6%)
II 14 (4%) 9 (4%) 5 (3%)
IIIA 21 (5%) 14 (6%) 7 (5%)
IIIB 59 (15%) 35 (14%) 24 (16%)
IV 263 (65%) 165 (66%) 98 (64%)
Unknown 28 (7%) 17 (7%) 11 (7%)

Prechemotherapy KPS score
100 61 (15%) 32 (13%) 29 (19%)
90 149 (37%) 87 (35%) 62 (40%)
80 103 (26%) 69 (28%) 34 (22%)
�70 51 (13%) 37 (15%) 14 (9%)
Unknown 39 (10%) 24 (10%) 15 (10%)

Postchemotherapy KPS score
100 42 (10%) 20 (8%) 22 (14%)
90 111 (28%) 59 (24%) 52 (24%)
80 97 (24%) 66 (27%) 31 (20%)
�70 55 (13%) 39 (16%) 16 (10%)
Unknown 98 (24%) 65 (26%) 33 (21%)

Body mass index
Underweight/normal 177 (44%) 116 (47%) 61 (40%)
Overweight 140 (35%) 83 (33%) 57 (37%)
Obese 85 (21%) 49 (20%) 36 (23%)
Unknown 1 (�1%) 1 (�1%) –

CNS metastases
No 211 (52%) 137 (55%) 74 (48%)
Yes 26 (6%) 17 (7%) 9 (6%)
Unknown 166 (41%) 95 (38%) 71 (46%)

(continued)

490 Bevacizumab to Progression After Chemotherapy



BTP and no BTP cohorts, second-line therapies that pa-
tients received following their first disease progression
were analyzed. Thirty-nine percent of patients in the no
BTP cohort (n � 96) versus 56% (n � 87) of patients in the
BTP cohort received second-line therapy. A large propor-
tion of patients received second-line monotherapy with
pemetrexed, erlotinib, docetaxel, or another agent (90% in
the no BTP cohort, 64% in the BTP cohort). The most no-
table difference in second-line use between the BTP and no
BTP cohorts was that 21% of patients (n � 19) in the BTP
cohort continued to receive BV in the second-line setting,

whereas no patient in the no BTP cohort received second-
line BV (Table 4).

DISCUSSION

In this retrospective study, we observed longer OS and PFS
times among patients who received BTP. We found that pa-
tients who received BTP had favorable OS (49% lower risk)
and PFS (35% lower risk) risks relative to patients who dis-
continued BV at the same time CT was discontinued. The
association between OS and BTP persisted in all landmark
analyses of residual survival, whereas BTP remained sig-

Table 1. (Continued)

Total (n � 403)

Received BTP

No (n � 249) Yes (n � 154)

Baseline hemoglobin

�12 237 (59%) 152 (61%) 85 (55%)

10–12 64 (16%) 39 (16%) 25 (16%)

�10 20 (5%) 15 (6%) 5 (3%)

Unknown 82 (20%) 43 (17%) 39 (25%)

Chemotherapy backbone

Platinum � taxane 336 (83%) 212 (85%) 124 (81%)

Gemcitabine/platinum 25 (6%) 17 (7%) 8 (5%)

Other 42 (10%) 20 (8%) 22 (14%)

n of chemotherapy cycles

Completed

Median (range) 5 (1–6) 4 (1–6) 6 (1–6)

1–2 42 (11%) 38 (15%) 4 (3%)

3–4 104 (26%) 77 (31%) 27 (18%)

5–6 257 (63%) 134 (53%) 123 (79%)

Bevacizumab dose (mg/kg per wk)

During chemotherapy

Mean 5.5 6.0 4.8

Median (range) 5.6 (0.5–8.2) 6.0 (1.1–8.2) 5.0 (0.5–7.9)

After chemotherapy

Mean – – 4.7

Median (range) – – 4.8 (0.63–6.8)

Bevacizumab administration

During chemotherapy

Median (range) 4 (1–6) 3 (1–6) 6 (1–6)

After chemotherapy

Median (range) – – 4 (1–32)

1–2 cycles – – 45 (29%)

3–5 cycles – – 55 (36%)

�5 cycles – – 54 (35%)

Abbreviations: BTP, bevacizumab monotherapy to progression; CNS, central nervous system; KPS, Karnofsy performance
status.
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OVERALL SURVIVAL  

 stneitaP n PTB
No 249 155 86 38 10 3 - 
Yes 154 140 98 35 6 3 - 

0 6 12 18 24 30 36 
Months 

PROGRESSION FREE SURVIVAL 

 stneitaP n PTB
No 249 123 50 22 4 1 - 
Yes 154 122 59 17 3 - - 

0 6 12 18 24 30 36 
Months 

Median OS=  
10.2 months 

Median OS=  
20.9 months 

        BTP 
             No BTP 

Log-rank p<0.001

Log-rank p<0.001

        BTP 
             No BTP 

Median PFS =  
6.5 months 

Median PFS=  
10.3 months 

Figure 2. Kaplan–Meier estimates of OS and PFS for the BTP and no BTP cohorts (n � 403 patients).
Abbreviations: BTP, bevacizumab monotherapy to progression; NSCLC, non-small cell lung cancer; OS, overall survival;

PFS, progression-free survival.
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nificantly associated with PFS in the overall population and
among patients who were progression free at 18 weeks.
Among patients who were progression free at 21 and 26
weeks, the association between BTP and PFS was not sta-
tistically significant. Although the nonrandomized nature
of this study precludes us from making strong conclusions
related to causality and does not completely account for in-
herent selection bias related to treatment selection, some
important inferences can be made based on the observed as-
sociations.

Results of this study estimating the population-based ef-
fectiveness of BTP demonstrated that the median OS times
for the BTP and no BTP cohorts were 21.0 months and 10.1
months, respectively, with a median OS time for the overall
study population of 13.8 months. The demonstrated OS du-
ration of 21 months in the BTP arm is significantly longer

than the median OS of 12.3 months that was previously
published from the ECOG 4599 clinical trial of first-line
BV plus CT treatment followed by BV monotherapy as
maintenance treatment [3]. Because the key difference be-
tween our two cohorts was whether or not BV was contin-
ued as maintenance monotherapy, we postulated that this
large difference in OS could also be attributed to other clin-
ical variables, such as best response to therapy or tolerabil-
ity of therapy. Our study is unable to distinguish between
these possibilities. In addition, this difference in OS might
be partly attributed to the fact that patients in this nonran-
domized study were preselected and may have had more fa-
vorable prognostic factors than patients who were included
in the original pivotal trials. Furthermore, because the data
for this study are very recent, it is possible that the avail-
ability of more treatment choices today may have impacted

Table 2. Cox proportional hazard analysis for overall survival

Univariate Multivariate

HR 95% CI p-value HR 95% CI p-value

BTP

No 1.00 1.00

Yes 0.40 0.30–0.54 �.001 0.51 0.34–0.77 .001

Age (continuous) 0.99 0.98–1.01 .90 –

Gender

Male 1.00 –

Female 0.85 0.74–0.97 .02 –

Stage at diagnosis

I–IIIA 1.00 1.00

IIIB/IV 1.39 1.10–1.75 .006 1.62 1.15–2.28 .006

Prechemotherapy KPS score

100 1.00 –

90 1.52 0.99–2.34 .06 –

80 1.95 1.24–3.04 .004 –

�70 2.65 1.61–4.37 �.000 –

Postchemotherapy KPS score

100 1.00 1.00

90 1.24 0.72–2.12 .44 1.15 0.61–2.14 .67

80 1.69 0.99–2.88 .05 1.61 0.87–2.98 .13

�70 2.82 1.62–4.92 �.000 3.18 1.66–6.10 .001

Prechemotherapy Hgb (continuous) 0.89 0.82–0.96 .003 –

Postchemotherapy Hgb (continuous) 0.86 0.76–0.98 .02 –

Prechemotherapy BMI (continuous) 1.00 0.99–1.001 .66 –

Postchemotherapy BMI (continuous) 1.00 0.99–1.002 .73 –

Bevacizumab dosage during chemotherapy
phase (continuous)

1.16 1.09–1.24 �.001 1.08 0.99–1.18 .07

Abbreviations: BMI, body mass index; BTP, bevacizumab monotherapy to progression; CI, confidence interval; Hgb,
hemoglobin; HR, hazard ratio; KPS, Karnofsy performance status.

493Nadler, Yu, Ravelo et al.

www.TheOncologist.com



the observed outcomes relative to what was observed in
past trials.

To better understand what factors may be influencing
the decision to discontinue BV treatment after CT, we as-
sessed adverse events, including BV-related toxicities, in
the two cohorts and whether there were differences by prac-
tice. From the initiation of BV plus CT treatment to 30 days
following the patients’ last treatment, the overall rate of
grade �3 toxicities in the BTP cohort (1.9%) was similar to
that in the no BTP cohort (1.6%). The rate of all toxicity
grades was greater in the BTP cohort (11.7%) than in the no
BTP cohort (6.8%). Although we acknowledge that toxici-
ties may be underreported in EMRs, because physicians
may not systematically complete the toxicity fields for all
patients, these rates suggest that tolerability to treatment did

not appear to be a driving factor in the decision to discon-
tinue BV after CT. We also did not observe any notable dif-
ferences in physician practice of BTP versus no BTP. Of the
45 clinics that contributed patient data to this study, 36
(80%) prescribed both BTP and no BTP, six clinics (13%)
prescribed exclusively no BTP, and three clinics (7%)
treated exclusively with BTP for their patients.

To the best of our knowledge, this is the first large, na-
tionwide and community-based study evaluating the asso-
ciation between the use of BTP and clinical outcomes in
NSCLC patients. The strengths of this study include the use
of clinically detailed EMR data that allowed for a very de-
tailed characterization of the treatment, clinical, and demo-
graphic characteristics of the patient population. As
opposed to claims-based data sources, the use of oncology-

Table 3. Cox proportional hazard analysis for progression-free survival

Univariate Multivariate

HR 95% CI p-value HR 95% CI p-value

BTP

No 1.00 1.00

Yes 0.59 0.47–0.75 �.001 0.65 0.47–0.91 .01

Age (continuous) 1.00 0.99–1.01 .94 –

Gender

Male 1.00 –

Female 0.80 0.64–0.99 .045 –

Stage at diagnosis

I–IIIA 1.00 1.00

IIIB/IV 1.38 1.15–1.66 .001 1.57 1.18–2.09 .002

Prechemotherapy KPS score

100 1.00 –

90 1.03 0.74–1.44 .87 –

80 1.46 1.03–2.05 .03 –

�70 1.67 1.12–2.50 .01 –

Postchemotherapy KPS score

100 1.00 1.00

90 0.91 0.61–1.36 .64 1.13 0.67–1.91 .64

80 1.33 0.89–1.99 .16 1.63 0.97–2.74 .07

�70 1.63 1.05–2.53 .03 2.37 1.34–4.20 .003

Prechemotherapy Hgb (continuous) 0.90 0.84–0.96 .002 0.91 0.82–0.99 .002

Postchemotherapy Hgb (continuous) 0.94 0.83–1.02 .12 –

Prechemotherapy BMI (continuous) 1.00 1.00–1.001 .21 –

Postchemotherapy BMI (continuous) 1.00 1.00–1.001 .37 –

n of chemotherapy cycles 0.82 0.76–0.87 �.001 –

Bevacizumab dosage during chemotherapy phase
(continuous)

1.15 1.09–1.22 �.001 1.16 1.08–1.26 �.001

Abbreviations: BMI, body mass index; BTP, bevacizumab monotherapy to progression; CI, confidence interval; Hgb,
hemoglobin; HR, hazard ratio; KPS, Karnofsy performance status.
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specific EMR data, as is available through iKM, provides
the opportunity to more closely mimic the data that are typ-
ically incorporated into the analysis of randomized clinical
trials (RCTs). Also, the use of EMR data allows for the
evaluation of all age ranges, as opposed to claims-based
studies that may be limited to a younger managed care pop-
ulation or older Medicare population. Because community-
based clinical practice may differ from the clinical trial
setting, it is critical to conduct observational research to
evaluate how clinical trial treatment protocols are translated
to the real-world setting and to measure resultant outcomes.
While RCTs provide the highest level of causal evidence in
a setting in which physician and patient compliance is
closely monitored and subjects are strictly selected (i.e.,
strong internal validity), observational research provides an
opportunity to complement the current literature and to gen-

erate hypotheses for future clinical studies. Relative to
RCTs, the application of sound study design and analytic
methods to geographically dispersed population-based data
has the potential to yield results that are more generalizable
to community-based care, may be more reflective of real-
world outcomes, and provide an opportunity to bridge the
gap between clinical efficacy and real-world effectiveness.

This study had its limitations. Although the study pop-
ulation was representative of the general age distribution of
advanced NSCLC patients, there was an underrepresenta-
tion of the Medicaid and indigent care population, which
may limit generalizability of the results to this patient pop-
ulation. An inherent limitation and challenge in conducting
any retrospective observational research stems from the
fact that patients are not randomly assigned to comparison
groups. As such, it is impossible to rule out the possibility of
underlying selection bias with regard to cohort assignment.
We attempted to address this concern to the greatest extent
possible by characterizing patients according to several
clinical and treatment factors that may have confounded the
observed associations and then by controlling for these fac-
tors in the statistical analyses. Furthermore, comparisons of
therapies that differ in duration introduce a risk for survi-
vorship bias because assignment to comparison groups is
dependent on therapy duration, which is to some degree
correlated with survival. To minimize and evaluate the po-
tential impact of this survivorship bias on our study results,
patients who died or progressed in their disease within 30
days of completion of CT were excluded and landmark
analyses were conducted to evaluate the association be-
tween BTP and residual PFS among subsets of the study
population who remained progression free at predeter-

Figure 3. Landmark analyses for residual overall and progression-free survival at 18, 21, and 26 weeks.
Abbreviations: BMI, body mass index; BTP, bevacizumab monotherapy to progression; CI, confidence interval; HR, hazard

ratio; KPS, Karnofsky performance status; OS, overall survival; PFS, progression-free survival.

Table 4. Second-line treatment regimen by BTP status

Received BTP

No (n � 96) Yes (n � 87)

Pemetrexed monotherapy 55 (57%) 35 (40%)

Erlotinib monotherapy 19 (20%) 6 (7%)

Docetaxel monotherapy 6 (6%) 6 (7%)

Other single agent 6 (6%) 9 (10%)

Bevacizumab with or
without chemotherapy

– 19 (21%)

Combination therapy 3 (3%) 5 (5%)

Multiple second-line
regimens

7 (7%) 7 (8%)

Abbreviation: BTP, bevacizumab monotherapy to
progression.
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mined times. Most importantly, it is impossible to fully de-
termine from this data source and study design whether the
longer OS and PFS times observed in the BTP cohort were
secondary to therapy or simply a reflection of an inherent
selection bias whereby patients receiving BTP were those
who were observed to be responding better to the therapy.
Physicians may have been more conscientious in their con-
tinuation of BV maintenance in those patients who were
having an excellent response, exhibiting disease control, or
tolerating therapy particularly well. In these cases, the sur-
vival advantage we observed could be viewed as a proxy for
these favorable clinical factors.

Despite the potential biases in an observational study,
these results have an important role in clinical decision
making. Treatment options have expanded with the recent
FDA approvals of erlotinib and pemetrexed as first-line
maintenance treatments for advanced NSCLC patients. Er-
lotinib and pemetrexed have resulted in longer OS times (1
month and 2.8 months, respectively) and PFS times (0.2
and 1.7 months, respectively) than with placebo [13, 14].
Since 2005, when ECOG 4599 trial data were first pre-
sented to the American Society of Clinical Oncology [15],
we have attempted to understand the benefits of BV given
with CT versus its benefits as a single agent in the mainte-
nance setting. In the absence of published RCTs that ad-
dress this very specific question, these results demonstrate

that continuing BV in certain populations may provide clin-
ically meaningful outcomes. Whether or not these subpopu-
lations can be characterized as patients who are responding
to or tolerating CT well will remain questions for future
studies.

In conclusion, this study provides supportive evidence
that advanced nonsquamous NSCLC patients receiving
continued VEGF suppression with BV had more favorable
clinical outcomes than patients who discontinued BV when
CT was completed. Although this study was unable to sub-
stantiate a causal link between BTP and better clinical out-
comes, it highlights the utility of using EMR data in
observational research. Further, the study findings provide
significant insight into real-world patterns of care and asso-
ciated outcomes and provide important evidence on which
to base future comparative effectiveness research.
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