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Abstract Bevacizumab, an anti-VEGF monoclonal antibody, has significantly improved the clinical outcomes of
patients with advanced non-squamous NSCLC (ns-NSCLC). However, the safety and efficacy of bevacizumab for
elderly patients with advanced NSCLC require further investigation. Thus, 59 patients were included in the
present retrospective study, 22 patients in the bevacizumab plus pemetrexed and platinum (B + PP) group, and 37
patients in the pemetrexed and platinum (PP) group. For the entire cohort of patients, the median OS was 33.3
months, and the 1-year and 2-year overall survival rates were 88.5% and 67.8%, respectively. The median OS and
1-year and 2-year OS rates were 20.5 months, 70.3% and 0%, respectively, in the B + PP group and 33.4 months,
97.0% and 89.4%, respectively, in the PP group (P < 0.001). The incidence of grade ≥ 3 adverse events was higher
in the B + PP group than in the PP group (27.3% vs. 10.8%, respectively; P = 0.204). Univariate and multivariate
analyses suggested that the receipt of ≥ 5 cycles of first-line chemotherapy was an independent favorable
prognostic factor for OS, whereas the addition of bevacizumab was an unfavorable prognostic factor. With
increased toxicities, the addition of bevacizumab to PP does not improve the overall survival of elderly patients
with advanced ns-NSCLC.
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Introduction

Lung cancer is the most commonly diagnosed cancer and
the leading cause of cancer deaths (18.4% of total cancer
deaths) worldwide [1]. Non-small-cell lung cancer
(NSCLC) accounts for approximately 85% of all lung
cancers. Chemotherapy still plays an important role in the
management of advanced NSCLC, particularly for patients
who are unsuitable or unavailable for targeted therapy and
immunotherapy [2]. Angiogenesis is one of the hallmarks
of cancer [3]. Vascular endothelial growth factor (VEGF),
with elevated expression in most tumors, is the major
regulator in tumor angiogenesis [4]. A new paradigm for
the combination therapy of VEGF-targeted therapy and
chemotherapy has provided significant clinical benefits for

patients with advanced-stage malignancies by normalizing
tumor vasculature and increasing drug delivery [5,6].
Bevacizumab, an anti-VEGF monoclonal antibody, has
significantly improved the clinical outcome of patients
with advanced non-squamous NSCLC (ns-NSCLC), as
shown in phase III clinical trials (ECOG4599, AVAiL, and
BEYOND) [7–9]. In ECOG4599, the addition of bevaci-
zumab to paclitaxel–carboplatin (PC) has prolonged
overall survival (OS) by 2 months compared with
chemotherapy alone (median OS, 12.3 vs. 10.3 months;
hazard ratio (HR), 0.79; P = 0.003) [7]. This trial led to the
approval of bevacizumab–paclitaxel–carboplatin as a
treatment for advanced ns-NSCLC by the US Food and
Drug Administration in October 2006 [10]. For Chinese
patients in BEYOND, OS was prolonged with bevacizu-
mab plus chemotherapy (median OS, 24.3 vs. 17.7 months;
HR, 0.68; P = 0.015) [8].
Elderly patients with decreased renal and liver functions,

a compromised immune response, a low marrow regen-
erative capacity, and frequent comorbid illnesses were
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usually excluded from clinical trials [11]. Furthermore,
bevacizumab was associated with a high incidence of
hypertension, proteinuria, and bleeding in phase III and
phase IV trials [7–9,12]. Thus, the safety and efficacy of
bevacizumab for elderly patients with advanced NSCLC
have not been sufficiently evaluated. Considering the lack
of clinical data, we conducted this retrospective study to
assess the therapeutic index of first-line bevacizumab-
containing regimens and justify the prospective application
of bevacizumab in elderly patients with advanced ns-
NSCLC.

Materials and methods

Patients

We retrospectively evaluated elderly patients (≥ 65 years)
with advanced ns-NSCLC at our cancer center between
April 2013 and March 2018. Eligible criteria included the
following: cytologically or histologically confirmed ns-
NSCLC; at least 65 years of age; previously untreated
disease; stage IIIB or IV; and a Karnofsky performance
status (KPS) score ≥ 70. Patients were excluded if they
had the following conditions: dominant squamous histol-
ogy, a recent history of bleeding or thrombotic events,
tumors invading major blood vessels, medically uncon-
trolled hypertension, ongoing therapeutic anticoagulants,
regular use of aspirin, and inadequate organ function or
KPS score < 70. All procedures involving patients
conformed to Declaration of Helsinki. All patients
provided written informed consent before their participa-
tion in this study.

Treatments

All patients in this study received pemetrexed and
platinum (PP) or bevacizumab plus PP (B+ PP) every
21 days for 4–6 cycles. Pemetrexed was administered at
500 mg/m2 on day 1, and bevacizumab was administered at
7.5 mg/kg intravenously on the day before chemotherapy.
Platinum drugs included cisplatin 30 mg/m2 on days 1–3
and carboplatin 0.3–0.4 g/m2 on day 1. For patients who
achieved a response or stable disease after the first-line
therapy, maintenance therapy could be administered with
bevacizumab plus pemetrexed (BP), pemetrexed mono-
therapy, or a TKI (tyrosine kinase inhibitor). During the
first-line and maintenance therapy or after disease
progression, combined thoracic radiation therapy was
permitted, with a total dose of 30–60 Gy delivered at
1.8–2.0 Gy per fraction for 5 days weekly.

Assessments of response and toxicity

Tumor status evaluation was performed every 2 cycles for

4–6 cycles since initial treatment, every 2 months for the
remaining treatment period, and every 3–6 months there-
after. Responses were assessed in accordance with
Response Evaluation Criteria in Solid Tumors version
1.0. Toxicities were evaluated in accordance with the
National Cancer Institute-Common Toxicity Criteria ver-
sion 3.0.

Endpoints

The primary endpoint was OS, defined as the period from
the date of diagnosis to the date of death from any cause or
the last known follow-up date. Secondary endpoints were
progression-free survival (PFS), adverse events (AEs),
overall response rate (ORR), disease control rate (DCR), 1-
year OS rate, and 2-year OS rate. PFS was measured from
the date of diagnosis to the date of disease progression
either in the thorax or at distant lesions, the date of death
from any cause, or the last known follow-up date. AEs
were evaluated in all patients.

Statistical analysis

Differences within categorical variables, response rates,
and AEs between the two groups were assessed using Chi-
square test and Fisher’s exact test. OS and PFS were
calculated using the Kaplan–Meier method, and differ-
ences in survival curves between the two groups were
compared using the log-rank test. Univariate survival
analysis was performed using the Kaplan–Meier method to
determine associations between OS and clinical character-
istics. Important clinical variables were applied to a
multivariate model in which a backward-forward, stepwise
method of a Cox proportional hazards model was used to
determine significant factors. All reported P values are
two-sided, and confidence intervals (CIs) are at the 95%
level. Statistical significance was considered at P < 0.05.

Results

Patient characteristics

From April 2013 to March 2018, approximately 5470
patients were diagnosed with stage IV ns-NSCLC at our
cancer center, and approximately 1330 patients were 65
years or older. Only a few patients received first-line
pemetrexed or in combination with bevacizumab because
pemetrexed was expensive and bevacizumab was not
covered by medical insurance. Thus, 65 elderly patients
(≥ 65 years) with stage IIIB or IV NSCLC at our cancer
center were identified. Six patients were lost during the
follow-up, resulting in a follow-up rate of 92.3%. Finally,
59 patients who were fully eligible were included in the
current study. The median follow-up was 14.1 months
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(range, 2.5–42.0 months) for all the patients and 13.8
months (range, 6.6–42.0 months) for the patients who were
alive. In the entire cohort of patients, the median age was
69 years and their age ranged from 65 to 89 years. Forty-
one (69.5%) were men, and 18 (30.5%) were women.
Depending on their treatment modality, 22 (37.3%)
patients were allocated to the B+ PP group and 37
(62.7%) patients were allocated to the PP group.
Patient characteristics are summarized in Table 1. No

significant differences in the distribution of all the
variables were found between the groups. The epidermal
growth factor receptor (EGFR) mutation rate in the entire
cohort was 38.1% (16 of 42 patients who were assessable).
The treatment details are summarized in Table 2. Most of
the treatment characteristics were balanced except the
maintenance therapy (P = 0.014). In the PP group, 24 of
the 37 (64.9%) patients received maintenance therapy with
pemetrexed (21 patients), BP (1 patient), and TKI (2
patients). However, in the B+ PP group, only 7 of the 22
(31.8%) patients received maintenance therapy with

pemetrexed (1 patient) and BP (6 patients). The reasons
that the patients did not receive maintenance therapy were
intolerable toxicities (2 and 2 in the B+ PP and PP groups,
respectively), patient refusal (8 and 5 patients in the two
groups, respectively), and disease progression (5 and 6
patients in the two groups, respectively).

Survival

As shown in Table S1, among all 59 patients, 32 (54.2%)
achieved a response and 55 (93.2%) achieved disease
control. The ORRs were 50.0% and 56.8% in the B+ PP
and PP groups, respectively (P = 0.614). The DCRs were
also not significantly different with 90.0% and 94.6% in
the two groups, respectively (P = 0.993).
For the entire cohort of patients, the median OS was 33.3

months (95% CI 24.4–42.2), and the 1-year and 2-year OS
rates were 88.5% and 67.8%, respectively (Fig. 1). The
median OS was 20.5 months, and the 1-year and 2-year OS
rates were 70.3% and 0%, respectively, in the B+ PP

Table 1 Patient characteristics

Characteristic
　 Number of patients (%)

P
Total B+ PP (n = 22) PP (n = 37)

Age, year 　 　 　 　

Median 69 69 69 　

Range 65–85 65–76 65–85 　

≥ 69 34 13 (59.1) 21 (56.8)
0.861

< 69 25 9 (40.9) 16 (43.2)

Sex 　 　 　 　

Male 41 13 (59.1) 28 (75.7)
0.181

Female 18 9 (40.9) 9 (24.3)

KPS score 　 　 　 　

≥ 80 56 20 (90.9) 36 (97.3)
0.640

< 80 3 2 (9.1) 1 (2.7)

Smoking status 　 　 　 　

Never smoker 24 10 (45.5) 14 (37.8)
0.565

Ever smoker 35 12 (54.5) 23 (62.2)

Histology 　 　 　 　

Adenocarcinoma 58 21 (95.5) 37 (100)
0.373

Others 1 1 (4.5) 0 (0)

Stage 　 　 　 　

IIIB 11 6 (27.3) 5 (13.5)
0.334

IV 48 16 (72.7) 32 (86.5)

Hypertension 　 　 　 　

Yes 16 5 (22.7) 11 (29.7)
0.559

No 43 17 (77.3) 26 (70.3)

EGFR mutation status assessmenta 42 16 26 　

EGFR mutation positive 16 5 (31.3) 11 (42.3)
0.474

EGFR wild type 26 11 (68.8) 15 (57.7)
aEGFR mutation status was assessed in 42 patients.
Abbreviations: B+ PP, bevacizumab plus pemetrexed–platinum; PP, pemetrexed–platinum; EGFR, epidermal growth factor receptor.
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group. In the PP group, the median OS was 33.4 months
(95% CI 33.2–33.6), and the 1-year and 2-year OS rates
were 97.0% and 89.4%, respectively (P < 0.001) (Fig. 2).
The median PFS was 13.2 months (95% CI 10.2–16.2)

and the 1-year and 2-year PFS rates were 51.6% and
28.0%, respectively, for all the patients (Fig. 1). In the B+
PP group, the median PFS was 11.3 months (95% CI 7.0–
15.6), and the 1-year and 2-year PFS rates were 28.3% and
0%, respectively. In the PP group, the median PFS was
14.1 months (95% CI 8.3–19.9), and the 1-year and 2-year

PFS rates were 59.0% and 36.0%, respectively (P = 0.101)
(Fig. 3).

Prognostic factors

Univariate analysis indicated that age at diagnosis, sex,
smoking status, disease stage, EGFR mutation status,
maintenance therapy, and thoracic radiation were not
associated with OS. However, the KPS score, receipt
of ≥ 5 cycles of first-line chemotherapy, and addition of

Table 2 Treatment details of the two groups

Treatment
　 Number of patients (%)

P
Total B+ PP (n = 22) PP (n = 37)

Number of first-line chemotherapy cycles 　 　 　

Median 5 4 6 　

Range 2–9 2–9 2–9 　

≥ 5 32 9 (40.9) 23 (62.2)
0.113

< 5 27 13 (59.1) 14 (37.8)

Maintenance 　 　 　 　

Yes 31 7 (31.8) 24 (64.9)
0.014

No 28 15 (68.2) 13 (35.1)

Maintenance regimens 31 7 24 　

Bevacizumab+ pemetrexed 7 6 1 　

Pemetrexed
TKIs

22
2

1
0

21
2 　

Thoracic radiation 　 　 　 　

Yes 16 6 (27.3) 10 (27.0)
0.984

No 43 16 (62.3) 27 (73.0)

Second-line treatment 　 　 　 　

Yes 28 8 (72.7) 20 (83.3)
0.785

No 7 3 (27.3) 4 (16.7)

Second-line regimens

Chemotherapy
TKIs

19
9

5 (62.5)
3 (37.5)

14 (70.0)
6 (30.0)

1.000

Abbreviations: B+ PP, bevacizumab plus pemetrexed–platinum; PP, pemetrexed–platinum; TKI, tyrosine kinase inhibitor.

Fig. 1 PFS and OS in the entire cohort. Fig. 2 Comparison of OS between the B+ PP and PP groups.
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bevacizumab were significant prognostic factors of OS
(Table 3). Multivariate analysis suggested that the receipt
of ≥ 5 cycles of first-line chemotherapy and bevacizumab

therapy were the only two independent prognostic factors
of OS (Table 4). The receipt of ≥ 5 cycles of first-line
chemotherapy was a favorable prognostic factor of OS
(HR, 0.045; P = 0.007), whereas the receipt of bevacizu-
mab was an unfavorable prognostic factor (HR, 13.733; P
= 0.010).

Toxicities

The incidence of any grade toxicity, including hematolo-
gic, gastrointestinal toxicities, and hypertension did not
significantly differ between the groups (Table S2). In
addition, none of the patients had thrombosis, hemorrhage,
or pneumonia after bevacizumab treatment. Although not
significantly different, the incidence of grade ≥ 3 AEs,
particularly hematologic toxicity, was higher in the B+ PP
group than in the PP group (27.3% vs. 10.8%, respectively;
P = 0.204). Among 22 patients in the B+ PP group, 3
(13.6%) developed bevacizumab-related hypertension.

Fig. 3 Comparison of PFS between the B+ PP and PP groups.

Table 3 Univariate analysis of prognostic factors for overall survival in elderly patients with advanced NSCLC

Characteristic mOS, month 1-Year OS, % 2-Year OS, % Chi-square statistic P

Age, year 　 　 　 　 　

≥ 69 25.4 86.6 60.5
3.13 0.077

< 69 NR 91.0 75.9

Sex 　 　 　 　 　

Male 33.3 89.6 70.1
0.32 0.569

Female NR 83.7 62.7

KPS score 　 　 　 　 　

≥ 80 33.4 89.7 74.2
4.98 0.026

< 80 22.6 66.7 0.0

Smoking status 　 　 　 　 　

Never smoker NR 89.3 71.4
1.58 0.209

Ever smoker 33.3 87.6 65.3

Stage 　 　 　 　 　

IIIB 25.4 64.3 64.3
1.40 0.237

IV 33.4 91.2 66.9

EGFR mutation status assessment 　 　 　

EGFR mutation positive 37.2 79.1 69.2
0.37 0.542

EGFR wild type 33.4 95.2 71.1

Number of first-line chemotherapy cycles 　 　 　

≥ 5 37.2 100.0 95.0
12.52 <0.001

< 5 22.6 74.6 42.6

Maintenance 　 　 　 　 　

Yes NR 93.1 74.8
2.64 0.104

No 33.3 82.6 55.1

Thoracic radiation 　 　 　 　

Yes NR 93.3 62.2
0.35 0.555

No 33.3 87.1 67.8

Bevacizumab 　 　 　 　 　

Yes 20.5 70.3 0.0
14.68 <0.001

No 33.4 97.0 81.9

Abbreviations: B+ PP, bevacizumab plus pemetrexed–platinum; PP, pemetrexed–platinum; mOS, median overall survival; NR, not reached.
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The severe AEs led to drug withdrawal in 2 (9.1%) patients
receiving bevacizumab, one of whom had intolerable
hypertension. None of the patients died of toxicities.

Discussion

The current study explored the safety and efficacy of
bevacizumab in combination with first-line PP in elderly
patients with advanced ns-NSCLC and is valuable to guide
clinical bevacizumab application in elderly patients. Our
study suggests that bevacizumab in addition to first-line PP
does not improve OS and PFS in elderly patients (≥ 65
years) with ns-NSCLC. In addition, the incidence of
grade ≥ 3 AEs was higher in the B+ PP group than in the
PP group. Univariate and multivariate analyses suggested
that the receipt of ≥ 5 cycles of first-line chemotherapy
was a favorable prognostic factor of OS, but the addition of
bevacizumab was an unfavorable prognostic factor.
Several studies have evaluated the clinical efficiency of

bevacizumab in elderly patients with ns-NSCLC. The
subgroup analyses in 366 patients aged 65 years or older
and 224 patients aged 70 years or older in ECOG4599
demonstrated that the addition of bevacizumab to PC was
associated with a higher degree of toxicities and found no
significant improvement in PFS and OS [7,13]. For
patients aged 70 years or older, the median OS was 11.3
months in the bevacizumab-PC group and 12.1 months in
the PC group (P = 0.40) [13]. In a retrospective cohort
study from the SEER database, 4168 patients aged 65
years or older with stage IIIB or IV NSCLC were analyzed
[14]. The median OS was 9.7 months for bevacizumab-PC,
8.9 months for PC diagnosed in 2006–2007, and 8.0
months for PC in 2002–2005. In the propensity score-
stratified models, the HR for the OS of bevacizumab-PC
compared with PC in 2006–2007 was 1.01, and that in
2002–2005 was 0.93. In our study, OS with B+ PP was
significantly inferior to PP (median OS, 20.5 vs. 33.4 for
the 2 groups, respectively; HR, 20.99; P < 0.001).
Multivariate analysis also suggested that the addition of
bevacizumab was an unfavorable prognostic factor of OS
(HR, 14.801; P = 0.016). A phase II trial enrolled 12

patients, and the ORR, PFS, and OS were 58%, 8.4 months
and 33.9 months, respectively, in elderly patients with non-
squamous NSCLC receiving bevacizumab-PC followed by
maintenance bevacizumab. The toxicities were generally
mild with no treatment-related deaths [15]. Although this
single-arm phase II trial showed that bevacizumab was
feasible and potentially efficacious in elderly patients with
non-squamous NSCLC, the sample size is too small and
larger randomized controlled trials are needed to reach firm
conclusions.
Previous studies have shown that bevacizumab is

associated with a higher incidence of severe AEs in the
elderly [13], a finding that could otherwise influence the
first- and second-line chemotherapy and maintenance
therapy. Adverse events are major concerns in the
application of bevacizumab. For the subgroup of 224
patients aged 70 years or older in ECOG4599, grade ≥ 3
toxicities occurred in 87% of elderly patients in the
bevacizumab-PC group versus 61% in the PC group
(P < 0.001) [13]. In BEYOND, the higher incidence of
grade ≥ 3 hypertension, proteinuria, and hemorrhage was
associated with bevacizumab [8]. Bevacizumab-associated
grade ≥ 3 thromboembolism occurred in 8% of patients,
hypertension in 6%, bleeding in 4%, proteinuria in 3%, and
pulmonary hemorrhage in 1% from the SAiL trial [12].
Furthermore, the temporary interruption of bevacizumab
was attributed to 2% of bleeding events and 7% of
hypertension events, and permanent discontinuation was
due to 8% of bleeding events and 4% of hypertension
events. With the addition of bevacizumab to PP, a higher
incidence of severe toxicities was also observed in our
study. The incidence rates of grade ≥ 3 AEs were 27.3%
and 10.8% for patients receiving B+ PP and PP,
respectively. Three of 22 (13.6%) patients in the B+ PP
group developed bevacizumab-related hypertension, and
one of them had bevacizumab interruption.
Maintenance therapy is associated with prolonged OS in

patients with advanced NSCLC [16–20]. Consistent with
previous studies, our study demonstrated that maintenance
therapy, fewer first-line chemotherapy cycles, and second-
line therapy might account for the worse OS in patients
treated with bevacizumab. Maintenance therapy, as an

Table 4 Multivariate analysis of the prognostic factors for OS in elderly patients with advanced ns-NSCLC

Characteristic HR 95% CI Chi-square statistic P

Age, year (≥ 69 vs. < 69) 2.023 0.513–7.977 1.013 0.314

Sex (male vs. female) 0.891 0.131–6.043 0.014 0.906

Number of first-line chemotherapy cycles (≥ 5 vs. < 5) 0.045 0.005–0.426 7.288 0.007

Maintenance (yes vs. no) 0.864 0.218–3.419 0.043 0.835

Thoracic radiation (yes vs. no) 0.176 0.015–2.117 1.875 0.171

Bevacizumab (yes vs. no) 13.733 1.855–101.675 6.579 0.010

Abbreviations: HR, hazard ratio; CI, confidence interval.
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important part of the whole course treatment, produces a
survival benefit in NSCLC. In JMEN, maintenance therapy
with pemetrexed after first-line platinum-based chemother-
apy was well tolerated and significantly improved PFS and
OS compared with placebo in patients with advanced
NSCLC [16,17]. The PARAMOUNT study suggested that
continuation maintenance with pemetrexed after induction
therapy with pemetrexed-cisplatin produced significant
reductions in the risk of progression and death over the
placebo [18]. In the retrospective analysis of living and
progression-free patients in ECOG 4599, significant
reductions in HRs for progression and survival were
associated with bevacizumab maintenance therapy [19].
The phase III PointBreak study also revealed a signifi-
cantly improved PFS in patients receiving BP maintenance
after first-line bevacizumab-PC therapy in stage IIIB or IV
non-squamous NSCLC [20]. In the current study, the lower
proportion of patients receiving maintenance therapy in the
B+ PP group may be at least one reason accounting for the
poorer prognosis compared with PP alone.
In addition to maintenance therapy, bevacizumab could

also influence first- and second-line chemotherapy. In the
current study, patients in the B+ PP group tended to
receive fewer cycles of first-line chemotherapy compared
with those in the PP group, with median cycles of 4 and 6
for the 2 groups, respectively. Furthermore, second-line
chemotherapy was administered to 8 of 11 (72.7%)
patients who showed disease progression and 20 of 24
(83.3%) patients in the B+ PP and the PP groups,
respectively.
The median OS of the B+ PP group in our study (20.5

months) was longer than that in ECOG4599 (12.3 months)
[7]. However, it was comparable with 24.3 months in the
bevacizumab-PC group in the BEYOND study [8], which
also enrolled Chinese patients. Asian populations with
advanced NSCLC showed more favorable survival out-
comes than the mainly white population [21]. In addition,
the higher incidence of patients with confirmed EGFR
mutation-positive disease in the Chinese population (27%
in BEYOND and 31.3% in our study) may account for the
better clinical outcome compared with that in the western
population.
Our study has some limitations. First, this retrospective

study included only a small number of patients from a
single cancer center, which may not represent all patients
with non-squamous NSCLC in the whole country. Second,
biases of baseline characteristics, such as the basic lung
and heart function, were not introduced in this study.
Furthermore, in clinical practice, patients with relative
contraindications to bevacizumab, such as hypertension
and bleeding, are more likely to be included in the PP
group, influencing the final survival results. Although a
Cox regression model was used to adjust for all available
characteristics, all possible confounding factors could not
be controlled.

Conclusions

Our study suggests that the addition of bevacizumab to PP
is associated with an increased risk of severe toxicities and
does not improve the OS of elderly patients with advanced
non-squamous NSCLC. Despite some uncontrolled con-
founding factors, such as the basic lung and heart function
and contraindications to bevacizumab that may influence
the treatment regimens and therapeutic effect, our study
supplements the subgroup analysis of elderly patients in
ECOG4599 and other retrospective findings and sub-
stantiates that bevacizumab may not be a standard of care
for elderly patients with advanced NSCLC. Elderly-
specific prospective trials must establish the effects of
bevacizumab in treating elderly patients with advanced
NSCLC.
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