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ABSTRACT

BACKGROUND
Bevacizumab, a monoclonal antibody against vascular endothelial growth factor,
has been shown to benefit patients with a variety of cancers.

METHODS

Between July 2001 and April 2004, the Eastern Cooperative Oncology Group (ECOG)
conducted a randomized study in which 878 patients with recurrent or advanced
non—-small-cell lung cancer (stage IIIB or IV) were assigned to chemotherapy with
paclitaxel and carboplatin alone (444) or paclitaxel and carboplatin plus bevaci-
zumab (434). Chemotherapy was administered every 3 weeks for six cycles, and
bevacizumab was administered every 3 weeks until disease progression was evident
or toxic effects were intolerable. Patients with squamous-cell tumors, brain metas-
tases, clinically significant hemoptysis, or inadequate organ function or perfor-
mance status (ECOG performance status, >1) were excluded. The primary end point
was overall survival.

RESULTS

The median survival was 12.3 months in the group assigned to chemotherapy plus
bevacizumab, as compared with 10.3 months in the chemotherapy-alone group
(hazard ratio for death, 0.79; P=0.003). The median progression-free survival in the
two groups was 6.2 and 4.5 months, respectively (hazard ratio for disease progres-
sion, 0.66; P<0.001), with corresponding response rates of 35% and 15% (P<0.001).
Rates of clinically significant bleeding were 4.4% and 0.7%, respectively (P<0.001).
There were 15 treatment-related deaths in the chemotherapy-plus-bevacizumab group,
including 5 from pulmonary hemorrhage.

CONCLUSIONS

The addition of bevacizumab to paclitaxel plus carboplatin in the treatment of
selected patients with non—small-cell lung cancer has a significant survival benefit
with the risk of increased treatment-related deaths. (ClinicalTrials.gov number,
NCT00021060.)
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N THE UNITED STATES, LUNG CANCER AF-

fects approximately 171,000 people annually

and is the leading cause of cancer-related
deaths.® Approximately 85% of these patients have
non-small-cell lung cancer. The Eastern Coopera-
tive Oncology Group (ECOG) conducted a random-
ized clinical trial comparing four platin-based,
two-drug chemotherapy regimens in more than
1100 patients.2 The median survival was 8 months,
with no significant differences in overall survival
among the groups. Although modest progress
has been made with the use of chemotherapy in
patients with metastatic non—small-cell lung can-
cer, additional treatment options are needed.

Angiogenesis is one of the hallmarks of can-
cer.3 Vascular endothelial growth factor (VEGEF),
an endothelial-cell-specific mitogen, is the major
regulator of angiogenesis in normal and malig-
nant tissue.**> Increased expression of VEGF has
been found in most tumors in humans, including
non-small-cell lung cancers, and in many in-
stances, it is associated with increased risks of
recurrence, metastasis, and death.® Preclinical
studies have shown that a murine monoclonal
antibody against VEGF can inhibit the growth of
human tumor xenografts when given alone or
with chemotherapy.’®*3 A humanized variant of
this antibody (bevacizumab [Avastin, Genentech])
has clinical activity in human cancer and increas-
es survival when added to standard chemotherapy
in metastatic colon cancer.#

A randomized phase 2 study, involving patients
with advanced non—small-cell lung cancer who
had not previously received chemotherapy, com-
pared paclitaxel and carboplatin alone with pacli-
taxel and carboplatin plus bevacizumab, with
bevacizumab at a dose of 7.5 mg or 15 mg per kilo-
gram of body weight intravenously every 3 weeks.*>
In the group receiving the higher dose of beva-
cizumab, as compared with the two other groups,
the median time to disease progression was sig-
nificantly longer. However, of the 66 patients who
received bevacizumab, life-threatening pulmonary
hemorrhage occurred in 6, including four fatal
events. Serious hemorrhagic events appeared to be
more common among patients with predominant-
ly squamous-cell carcinomas. These preliminary
results prompted the present phase 3 study, which
was designed to investigate whether the addition
of bevacizumab to paclitaxel and carboplatin im-
proves survival in patients with metastatic non—
squamous-cell, non-small-cell lung cancer.

METHODS

PATIENTS
Between July 2001 and April 2004, we conducted
a randomized study in which 878 patients with
recurrent or advanced non—small-cell lung cancer
(stage I1IB or IV) were assigned to paclitaxel and
carboplatin chemotherapy alone (paclitaxel-carbo-
platin group) (444 patients) or paclitaxel and car-
boplatin plus bevacizumab (paclitaxel-carbopla-
tin—bevacizumab group) (434 patients). Eligible
patients were required to have histologically or cy-
tologically confirmed, newly diagnosed stage I1IB
(malignant pleural effusion) or stage IV cancer or
recurrent non—small-cell lung cancer for which
they had not received chemotherapy. Other inclu-
sion criteria were measurable or nonmeasurable
disease as defined by the Response Evaluation
Criteria in Solid Tumors (RECIST),*® an ECOG per-
formance status of 0 or 1, and adequate hemato-
logic, hepatic, and renal function (including uri-
nary excretion of <500 mg of protein per day).
Exclusion criteria were histologic evidence of
predominantly squamous-cell cancer; hemoptysis
(/> tsp or more per event — a criterion added
after a grade 5 pulmonary hemorrhage occurred
in a patient with pretreatment hemoptysis); cen-
tral nervous system (CNS) metastases (to reduce
concern about possible CNS hemorrhage); preg-
nancy or lactation; a history of documented hem-
orrhagic diathesis or coagulopathy; therapeutic
anticoagulation; regular use of aspirin (>325 mg
per day), nonsteroidal antiinflammatory agents,
or other agents known to inhibit platelet func-
tion; radiation therapy within 21 days before en-
rollment or major surgery within 28 days before
enrollment; clinically significant cardiovascular
disease; and medically uncontrolled hypertension.

LABORATORY CORRELATES

Plasma VEGF levels were measured at baseline in
the initial 166 consecutive patients (79 in the pac-
litaxel-carboplatin group and 87 in the pacli-
taxel-carboplatin-bevacizumab group) by means
of an enzyme-linked immunosorbent assay. Each
sample was assayed in duplicate.

STUDY DESIGN

Treatment assignments were designed to achieve a
balance between the two study groups in permut-
ed blocks with stratification according to measur-
able versus nonmeasurable disease, prior radiation
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therapy versus no prior radiation therapy, prior
weight loss of less than 5% versus 5% or more,
and non-small-cell lung cancer, stage IIIB, with
pleural effusion versus stage IV or recurrent dis-
ease. The primary end point was overall survival.
Prespecified stopping rules were based on toxic
effects.

Patients were randomly assigned to receive pac-
litaxel at a dose of 200 mg per square meter of
body-surface area and carboplatin at a dose cal-
culated to produce an area under the concen-
tration—time curve of 6.0 mg per milliliter per
minute, administered intravenously on day 1, or
paclitaxel and carboplatin plus bevacizumab at
a dose of 15 mg per kilogram given intravenously
on day 1.* Chemotherapy was repeated every 21
days for a total of six cycles unless there was evi-
dence of disease progression or intolerance of the
study treatment. Patients in the paclitaxel-carbo-
platin—bevacizumab group continued to receive
bevacizumab monotherapy every 3 weeks until
evidence of disease progression or unacceptable
toxic effects developed.

The protocol was approved by the institutional
review boards of all participating institutions and
was carried out in accordance with the Declara-
tion of Helsinki, current Food and Drug Admin-
istration Good Clinical Practices, and local ethi-
cal and legal requirements. ECOG designed and
coordinated the study and was responsible for all
aspects of the data collection and analysis; the
authors made the decision to publish the data.
The authors assume responsibility for the overall
content and integrity of the manuscript and vouch
for the accuracy and completeness of the reported
data; their views do not necessarily represent the
official views of the National Cancer Institute
(NCI). Bevacizumab (Cancer Chemotherapy Na-
tional Service Center code 704865) was provided
by Genentech and distributed by the NCIL

ASSESSMENTS
After the baseline evaluation, tumor status was
assessed every 6 weeks for 24 weeks, then every
9 weeks for the remainder of the treatment period,
and then every 12 weeks after the completion of
treatment. Responses were assessed using RECIST
and required confirmation at least 4 weeks after
initial documentation.

Assessments of toxic effects were made accord-
ing to the common toxicity criteria (version 2) of
the NCI. Because of concern about pulmonary

hemorrhage, any serious bleeding event (grade 3
or higher) was reported to ECOG and the study
chairman within 24 hours after its occurrence.

STATISTICAL ANALYSIS
The original study design called for the enrollment
of a total of 640 patients, with the final analyses
to be performed after 500 deaths had occurred.
The design included two planned suspensions of
recruitment for the safety analysis after a total
of 112 patients had been enrolled and then after a
total of 336 patients had been enrolled and planned
interim analyses of survival after 218 and 350
deaths had occurred. The plan to suspend recruit-
ment after enrollment of 336 patients was elimi-
nated in August 2003, on the basis of the recom-
mendation by the data monitoring committee;
in January 2004, the planned enrollment was in-
creased to 842 patients, with a planned final
analysis after 650 deaths had occurred, to target
a smaller treatment effect than that in the original
study design. The increase in accrual was based on
a recommendation by the ECOG Lung Committee,
which was unaware of the results of the efficacy
analysis. The revised design yielded an 80.5%
power of the study to detect a hazard ratio for
death of 0.80 in the group treated with chemo-
therapy plus bevacizumab, with the use of a one-
sided test and an overall type I error of 2.5%.

The design specified interim analyses after
286 deaths had occurred (44%) and after 455
deaths had occurred (70%), with stopping rules
both for a demonstrated difference between the
study groups and for a demonstrated lack of ben-
efit on the basis of the confidence intervals (CIs)
for the hazard ratio,” estimated by means of a
stratified partial-likelihood test with the use of
an O’Brien-Fleming boundary. The study was
continuously monitored for rates of grades 4 and
5 bleeding events, with early stopping if the rate
among the first 336 patients enrolled was signifi-
cantly higher in the paclitaxel-carboplatin—beva-
cizumab group than in the paclitaxel-carboplatin
group, as calculated with the use of Fisher’s ex-
act test.

All efficacy analyses were based on a com-
parison of the assigned treatments. The primary
analysis excluded patients deemed to be ineligible
on central review of the submitted data. However,
an intention-to-treat analysis of all patients showed
similar results (P=0.005 for survival). Survival was
defined as the time from randomization to death

N ENGL ) MED 355,24 WWW.NEJM.ORG DECEMBER 14, 2006

Downloaded from www.nejm.org on November 22, 2009 . For personal use only. No other uses without permission.

Copyright © 2006 Massachusetts Medical Society. All rights reserved.



PACLITAXEL-CARBOPLATIN ALONE OR WITH BEVACIZUMAB FOR NON—SMALL-CELL LUNG CANCER

from any cause, and progression-free survival as
the time from randomization to documented dis-
ease progression (according to RECIST) or death.
Event-time distributions were estimated by the
Kaplan—Meier method. Cox proportional-hazards
models, stratified according to the measurabil-
ity of disease, disease stage, presence or absence
of prior radiation therapy, and amount of prior
weight loss, were used to estimate the hazard ra-
tios and to test for significance of the timing of
events. All reported P values are two-sided, and
CIs are at the 95% level. Adverse events were com-
pared with the use of Fisher’s exact test.

RESULTS

After the second planned interim analysis, the in-
dependent data monitoring committee recom-
mended the release of the study results in March
2005, since the criteria for significance prespeci-
fied in the protocol had been met (Wald statis-
tic, 2.67; O’Brien—Fleming boundary, at 72.2%
information, 2.41). The results reported here in-
clude follow-up through October 2005 (median, 19
months; minimum time from study entry to the
cutoff point for the primary analysis, 18 months).

BASELINE CHARACTERISTICS OF THE PATIENTS
Between July 19, 2001, and April 27, 2004, includ-
ing a prespecified suspension between February
and August 2002, a total of 878 patients were en-
rolled, of whom 444 were assigned to treatment
with paclitaxel and carboplatin alone and 434
to paclitaxel and carboplatin plus bevacizumab.
Twenty-eight patients were excluded from the pri-
mary analysis because of eligibility violations or
inadequate data (nine patients because of incor-
rect disease stage, six because of receipt of radia-
tion therapy within three weeks before entry into
the study, four because of histologic findings of
squamous-cell cancer, and nine for other reasons)
(Fig. 1. Table 1 shows the baseline characteristics
of eligible patients. The two groups were well bal-
anced, except for a difference in distribution ac-
cording to sex (men accounted for 58% of pa-
tients in the paclitaxel-carboplatin group and 50%
of those in the paclitaxel-carboplatin—bevacizu-
mab group; P=0.03, with Fisher’s exact test).

TREATMENT
The median number of cycles of therapy was five
in the paclitaxel-carboplatin group and seven in
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878 Patients with metastatic or recurrent non—squamo
non—small-cell lung cancer enrolled

us-cell,

444 Assigned to paclitaxel and
carboplatin alone

434 Assigned to paclitaxel and
carboplatin plus bevacizumab

7 Did not start
2 Died

4 Did not start treatment
1 Died
1 Withdrew consent
2 No treatment information
submitted

2 No treatm
submitted

3 Had coexisting conditions

treatment

ent information

Follow-up as of November 1, 2005
1 Not followed; withdrew

consent known)
0 Lost to follow-up 0 Lost to fol
351 Deaths 317 Deaths

Median follow-up, 19 mo

Follow-up as of November 1, 2005
2 Not followed (reason un-

Median follow-up, 19 mo

low-up

l

l

433 Included in primary analysis

2 Histologic evidence of
squamous-cell carcinoma
4 Other violations of entry
criteria
344 Deaths

criteria
305 Deaths

417 Included in primary analysis

2 Baseline data not sub-

4 Radiation therapy within

11 Excluded 17 Excluded
0 Baseline data not sub-
mitted mitted
3 Advanced disease not 6 Advanced disease not
documented documented
2 Radiation therapy within
3 wk of entry 3 wk of entry

2 Histologic evidence of
squamous-cell carcinoma
3 Other violations of entry

deaths in the paclitaxel-carboplatin group and 305 in the

317 in the paclitaxel—carboplatin-bevacizumab group.

Figure 1. Enrollment, Randomization, and Follow-up of Patients in the Study.
Among the 850 patients included in the primary analysis, there were 344

paclitaxel—carbo-

platin-bevacizumab group. The total number of deaths among all 878 pa-
tients enrolled in the study was 351 in the paclitaxel-carboplatin group and

the paclitaxel-carboplatin—bevacizumab group
(including the cycles of bevacizumab monother-
apy). Of the 407 patients starting treatment with
paclitaxel and carboplatin plus bevacizumab for
whom we had adequate information on the dura-
tion of treatment, 215 (53%) continued with beva-
cizumab monotherapy, and of these, 107 (50%)
received more than five cycles of monotherapy.
Information on treatment at the time of disease
progression was available for 528 of the 850 pa-
tients included in the primary analysis. Chemo-
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Table 1. Baseline C

Characteristic

Sexty
Male
Female
Age =65 yr
Racei:
White
Black
Other

0
1

Stage I1IB
Stage IV

Recurrent disease

Adenocarcinoma o

Large-cell cancer

Bronchioloalveolar

Pleura involved
Liver involved
Bone involved

Adrenal glands

ECOG performance status§

Measurable disease

Prior weight loss (=5%)

Prior radiation therapy

wise specified

Other histologic findings

>2 Sites involved

haracteristics of the Patients.*
Paclitaxel-  Paclitaxel-Carboplatin—
Carboplatin Group Bevacizumab Group
(N=433) (N=417)
no. (%)
253 (58) 210 (50)
180 (42) 207 (50)
189 (44) 177 (42)
378 (91) 352 (90)
23 (6) 22 (6)
14 (3) 17 (4)
170 (40) 167 (40)
260 (60) 247 (60)
392 (91) 381 (91)
121 (28) 117 (28)
55 (13) 50 (12)
337 (78) 310 (74)
40 (9) 57 (14)
37 (9) 33 (8)
r not other- 380 (88) 366 (88)
29 (7) 17 (4)
carcinoma 11 (3) 12 (3)
11(3) 22 (5)
229 (53) 216 (52)
111 (26) 112 (27)
73 (17) 90 (22)
149 (34) 118 (28)
involved 72 (17) 53 (13)

'

P=0.03 by Fisher’s

* Because of rounding, percentages may not total 100.

exact test.

Data on race were not available for 44 patients: 18 in the paclitaxel-carboplatin

group and 26 in the paclitaxel-carboplatin—bevacizumab group. Race was de-
termined on the basis of data in hospital records.

(=)

ECOG performance

status was not available for six patients: three in the paclitaxel-

carboplatin group and three in the paclitaxel-carboplatin-bevacizumab group.
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therapy was given to 200 patients in the paclitaxel-
carboplatin group (including 87 of 180 women
[48%)]) at the time of disease progression, as com-
pared with 180 patients in the paclitaxel-carbo-
platin-bevacizumab group (82 of 207 women
[40%]). In addition, more women in the paclitaxel—
carboplatin group received second-line chemo-
therapy: 48% (87 of 180) as compared with 40%
(82 of 207) in the paclitaxel-carboplatin—bevaci-

N ENGL ) MED 355,24 WWW.NEJM.ORG

zumab group. However, there was no significant
difference in the number of women who subse-
quently received epidermal growth factor—tyrosine
kinase inhibitors (32 of 180 in the paclitaxel-car-
boplatin group and 34 of 207 in the paclitaxel-
carboplatin-bevacizumab group).

EFFICACY ANALYSIS
The median overall survival was 12.3 months in
the paclitaxel-carboplatin—bevacizumab group, as
compared with 10.3 months in the paclitaxel-
carboplatin group (hazard ratio for death, 0.79;
95% CI, 0.67 to 0.92; P=0.003) (Fig. 2A). Survival
rates were 51% in the paclitaxel-carboplatin—
bevacizumab group, as compared with 44% in the
paclitaxel—carboplatin group, at 1 year and 23%,
as compared with 15%, respectively, at 2 years.
The median progression-free survival was also
significantly improved in the paclitaxel-carbopla-
tin—bevacizumab group (6.2 months, as compared
with 4.5 in the paclitaxel-carboplatin group), for
a hazard ratio for disease progression of 0.66
(95% CI, 0.57 to 0.77; P<0.001) (Fig. 2B). Among
773 patients with measurable disease, the addi-
tion of bevacizumab to paclitaxel and carboplatin
improved the response rate; 59 of 392 patients
(15%) in the paclitaxel-carboplatin group had a
response, as compared with 133 of 381 patients
(35%) in the paclitaxel-carboplatin—bevacizumab
group (P<0.001).

The effects of bevacizumab on survival and
progression-free survival were consistent among
the four subgroups, stratified according to wheth-
er patients had measurable or nonmeasurable dis-
ease, prior radiation therapy or no prior radiation
therapy, a weight loss of 5% or more or a loss of
less than 5%, and stage IIIb disease (pleural ef-
fusion) or stage IV disease, or recurrent disease
(Fig. 3).

VEGF LEVELS
Baseline VEGF levels in 166 patients did not dif-
fer significantly according to treatment (P=0.13,
calculated by the Wilcoxon rank-sum test) or sex
(P=0.67) (median VEGEF level, 38.7 ng per millili-
ter in the paclitaxel-carboplatin group and 33.7 ng
per milliliter in the paclitaxel-carboplatin—beva-
cizumab group; 36.7 ng per milliliter in men and
33.7 ng per milliliter in women; range, 12.5 to 445
in all subgroups). VEGF levels before treatment
did not correlate with overall survival (P=0.15).
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SAFETY

All patients known to have received the study treat-
ment (440 patients in the paclitaxel-carboplatin
group and 427 in the paclitaxel-carboplatin—
bevacizumab group) were included in the analysis
of toxic effects. Reporting was limited to hemato-
logic events of grade 4 or higher and all nonhema-
tologic adverse events of grade 3 or higher. Table 2
lists rates of adverse events in each treatment
group. The treating physician’s attribution of the
adverse event to the treatment or to another cause
was not considered in this analysis. The rates of
hypertension, proteinuria, bleeding, neutropenia,
febrile neutropenia, thrombocytopenia, hypona-
tremia, rash, and headache were significantly
higher in the paclitaxel-carboplatin-bevacizumab
group than in the paclitaxel-carboplatin group
(P<0.05). The difference between the groups ap-
peared during the third cycle; during the first three
cycles, events occurred in 57 of the 440 patients
in the paclitaxel-carboplatin group (13%) and in
76 of the 427 patients in the paclitaxel-carbopla-
tin—bevacizumab group (18%).

Table 3 lists all causes of death. There were
17 deaths related to toxic effects of the treatment.
Two deaths (from gastrointestinal hemorrhage
and febrile neutropenia) occurred in patients in
the paclitaxel-carboplatin group and 15 occurred
in the paclitaxel-carboplatin—bevacizumab group;
the difference between the groups was significant
(P=0.001). Of the 15 deaths in the paclitaxel—
carboplatin-bevacizumab group, 5 were attribut-
ed to pulmonary hemorrhage, 5 to complications
of febrile neutropenia, 2 each to a cerebrovascular
event or gastrointestinal hemorrhage, and 1 to a
probable pulmonary embolus. Most of the deaths
occurred during the first two cycles of therapy.
Three patients in the paclitaxel-carboplatin—beva-
cizumab group died of cardiac events that were
not considered to be related to the treatment: a
myocardial infarction 40 days after the last dose
of bevacizumab, a sudden death (no autopsy) dur-
ing the 18th cycle of treatment, and cardiac ar-
rest with bradycardia after the third cycle (no
autopsy). Among the 215 patients receiving be-
vacizumab monotherapy, the most common grade
3 or 4 toxic effects were hypertension (in 12 pa-
tients [5.6%]), proteinuria (in 9 patients [4.2%]),
fatigue (in 11 patients [5.1%]), and dyspnea (in
12 patients [5.6%)]).

N ENGLJ MED 355,24 WWW.NEJM.ORG
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and carboplatin alone.

Figure 2. Kaplan—Meier Estimates of Overall Survival (Panel A) and Progression-

BPC denotes paclitaxel and carboplatin plus bevacizumab,

and PC paclitaxel

DISCUSSION

We found that the addition of bevacizumab to a
standard, platin-based chemotherapy regimen im-
proved overall survival in patients with advanced
non-squamous-cell, non—small-cell lung cancer
and a good ECOG performance status. In addition,
bevacizumab prolonged progression-free survival
and improved the response rate.

The improvement in the response rate was not
anticipated a priori, since antiangiogenic drugs
were not considered to have a cytotoxic effect.?
Initially, it was thought that the predominant ef-
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Subgroup Hazard Ratio (95% Cl)
Weight loss E
<5% 0.77 (0.64-0.92) e =
>5% 0.85 (0.63-1.14) —-—
Prior radiation therapy 0
No 0.80 (0.68-0.95) L M
Yes 0.60 (0.35-1.05) —
Disease stage E
1B 0.67 (0.40-1.10) —-——
v 0.87 (0.73-1.04) . b
Recurrent 0.66 (0.38-1.14) —
Measurable disease E
Yes 0.81 (0.69-0.96) B
No 0.55 (0.29-1.04) ——
Sex ,
Male 0.70 (0.57-0.87) -
Female 0.98 (0.77-1.25) ——
Age E
<65 yr 0.71 (0.58-0.88) -
265 yr 0.89 (0.70-1.14) ——
Race 0
White 0.83 (0.70-0.98) L B
Black 0.46 (0.21-1.03) —_—
Other 1.92 (0.37-9.97)
ECOG performance status i
0 0.75 (0.57-0.98) -
1 0.83 (0.68-1.01) e B
No. of sites of cancer E
0-2 0.74 (0.58-0.94) ——
>2 0.85 (0.69-1.05) . B
Site .
Pleura 0.86 (0.63-1.18) —.—E—
Liver 0.68 (0.49-0.96) ——
Bone 0.81 (0.62-1.07) ——
Adrenal 0.97 (0.65-1.46) —
Overall survival 0.79 (0.67-0.92) .— E
(I) OIS 1{0 1I5 2I0
BPC Better PC Better
Figure 3. Hazard Ratios for Death, According to the Subgroup Analysis.
The size of each square represents the number of patients, with larger squares
indicating a greater number. Horizontal lines represent confidence intervals.
BPC denotes paclitaxel and carboplatin plus bevacizumab, and PC paclitaxel
and carboplatin alone.

fect of antiangiogenic agents was the prevention
of the development of new blood vessels, and that
in this way these agents inhibit tumor growth.
Jain reported that elevated VEGF levels cause a
disorganized and “leaky” vasculature within the
tumor; this effect elevates interstitial pressure
and thus decreases delivery of chemotherapy to
the tumor.*® Subsequently, Willett et al. found
that bevacizumab increases drug delivery to the
tumor.* The significant improvement in the re-
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sponse rate in our study and in previous random-
ized studies of chemotherapy with or without
bevacizumab supports the hypothesis that bevaci-
zumab improves drug delivery to the tumor.*42%:21

In the phase 2 study that served as the impetus
for our trial, an unexpectedly high rate of life-
threatening and fatal pulmonary hemorrhages
was associated with bevacizumab treatment, par-
ticularly in patients with squamous-cell lung can-
cer.®> These results led us to exclude patients with
predominantly squamous-cell carcinoma, hemop-
tysis, or both. With these exclusions, the incidence
of life-threatening pulmonary hemorrhage was
1.9% (fatal hemorrhage, 1.2%), whereas in the
phase 2 study, in which hemoptysis and predomi-
nantly squamous-cell carcinoma were not exclu-
sion criteria, the incidence of this complication
was 9.1%. Among the five patients who died from
pulmonary hemorrhage in our study, one had he-
moptysis before entry into the study (before the
amendment to exclude patients with hemoptysis of
1/, tsp or more at baseline), and hemoptysis devel-
oped in another patient during the first cycle of
therapy. This second patient continued in the study
and had a fatal event during the second cycle of
treatment. Clearly, in retrospect, this patient should
not have continued to receive bevacizumab. Among
the 10 other deaths considered to be related to
treatment, 5 were due to complications of febrile
neutropenia, 2 to cerebrovascular events, and 2 to
gastrointestinal hemorrhage; 1 was thought to be
due to a pulmonary embolus.

Neutropenia has not been associated with be-
vacizumab, yet five patients in the paclitaxel—-
carboplatin-bevacizumab group had grade 5 fe-
brile neutropenia. Other investigators have reported
increased rates of neutropenia when bevacizumab
was combined with chemotherapy.?> The hyper-
tension, proteinuria, and headache observed in
this study are adverse events that had previously
been associated with bevacizumab. They were
generally manageable and did not require perma-
nent discontinuation of bevacizumab.

The benefits of bevacizumab were consistent
among all prespecified stratification groups. Ex-
ploratory analyses of the treatment groups ac-
cording to baseline characteristics showed that
bevacizumab was beneficial in all the subgroups
assessed, with the possible exception of survival
among women. The median overall survival in the
paclitaxel—carboplatin group and the paclitaxel-
carboplatin—bevacizumab group was 8.7 and 11.7
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Table 2. Adverse Events, According to Treatment.*
Paclitaxel-Carboplatin Group
Adverse Event (N =440)
Grade 3 Grade 4

Neutropenia 74 (16.8)
Thrombocytopenia 1 (0.
Anemia 4 (0
Febrile neutropenia (1.8)
Hyponatremia 4 (0.9 1(0.2
Hypertension 2 (0.5) 1(0.2
Proteinuria
Headache 2 (0.5
Rash or desquamation 2 (0.5
Bleeding events (all) 3(0.7)

Central nervous system

hemorrhage

Epistaxis 1(0.2)

Hematemesis

Hemoptysis 1(0.2

Melena or gastrointestinal 1(0.2)

bleeding
Other hemorrhage

Paclitaxel-Carboplatin—Bevacizumab Group

(N=427) P Value
Grade 5 Grade 3 Grade 4 Grade 57
number of patients (percent)
109 (25.5) 0.002
7 (1.6) 0.04
0 NS
1(0.2) 17 (4.0) 5(1.2) 0.02
11 (2.6) 4(0.9) 0.02
29 (6.8) 1(0.2) <0.001
11 (2.6) 2 (0.5) <0.001
13 (3.0) 0.003
10 (2.3) 0.02
19 (4.4) <0.001
3(0.7)
3(0.7)
2(0.5
2(0.5) 1(0.2) 5 (1.2
1(0.2) 3(0.7) 1(0.2)
1(0.2) 1(0.2)

* Values are unadjusted between-group differences. For hematologic adverse events, only data on grades 4 and 5 events were reported.

NS denotes not significant (P>0.05).

T Three other grade 5 adverse events occurred in the paclitaxel-carboplatin—bevacizumab group: two patients had cerebrovascular events and

one had a pulmonary embolus.

months, respectively, among men and 13.1 and
13.3 months, respectively, among women. Possi-
ble explanations for this finding include imbal-
ances between the two groups with respect to
known or unknown baseline prognostic factors,
imbalances in the use of second- and third-line
therapies, statistical chance, or a true sex-based
difference. More women in the paclitaxel—car-
boplatin group received second-line chemother-
apy than in the paclitaxel-carboplatin—bevaci-
zumab group. However, there was no significant
difference between the two groups in the num-
ber of women who subsequently received epider-
mal growth factor—tyrosine kinase inhibitors.
Although it has been postulated that baseline
VEGEF levels correlate with the clinical outcome
with bevacizumab treatment, in this trial, the
baseline plasma VEGF levels did not correlate
with survival. The absence of a correlation was
also reported in a trial of first-line therapy with
irinotecan, fluorouracil, and leucovorin with or

N ENGLJ MED 355,24 WWW.NEJM.ORG

Table 3. Causes of Death.

Paclitaxel-Carboplatin
Group

Paclitaxel-Carboplatin—

Variable Bevacizumab Group

number of patients

Total deaths 344 305
Cause
Lung cancer 309 260
Toxic effects 2 14%
Coexisting conditions 16 16
Unknown cause 17 15

* One patient in the paclitaxel-carboplatin-bevacizumab group who had a
grade 5 adverse event was considered to be ineligible because of undocu-
mented advanced disease; data on this patient are not included in the table
(but were included in the analysis of adverse events).

without bevacizumab in patients with colorectal
cancer.??

In summary, the addition of bevacizumab to
a standard, platin-based, two-agent chemothera-
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py regimen conferred a significant improvement
in overall survival, progression-free survival, and
response rate in patients with non—squamous-cell
carcinoma and a good performance status. In-
creased toxic effects, particularly febrile neutro-
penia and pulmonary hemorrhage, were associat-
ed with the addition of bevacizumab. These risks
must be considered within the context of the
survival benefit conferred by the addition of beva-
cizumab to standard treatment for non—small-cell
lung cancer.
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