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Cisplatin, Irinotecan, and Bevacizumab for Untreated
Extensive-Stage Small-Cell Lung Cancer: CALGB 30306, a
Phase II Study

Neal E. Ready, Arkadiusz Z. Dudek, Herbert H. Pang, Lydia D. Hodgson, Stephen L. Graziano, Mark R. Green,
and Everett E. Vokes

Purpose
The efficacy of cisplatin, irinotecan, and bevacizumab was evaluated in patients with extensive-

stage small-cell lung cancer (ES-SCLC).

Patients and Methods
Patients with ES-SCLC received cisplatin 30 mg/m? and irinotecan 65 mg/m? on days 1 and 8 plus

bevacizumab 15 mg/kg on day 1 every 21 days for six cycles on this phase Il study. The primary
end point was to differentiate between 50% and 65% 12-month survival rates.

Results
Seventy-two patients were enrolled between March 2005 and April 2006; four patients canceled,

and four were ineligible. Grade 3 or 4 toxicities included neutropenia (25%), all electrolyte (23%), diarrhea
(16%), thrombocytopenia (10%), fatigue (10%), nausea (10%), hypertension (9%), anemia (9%), infection
(7%), vascular access thrombosis (2%), stroke (2%), and bowel perforation (1%). Three deaths (5%)
occurred on therapy as a result of pneumonitis (n = 1), stroke (n =1), and heart failure (n = 1).
Complete response, partial response, and stable disease occurred in three (5%), 45 (70%), and 11
patients (17%), respectively. Progressive disease occurred in one patient (2%). Overall response rate
was 75%. Median progression-free survival (PFS) was 7.0 months (95% Cl, 6.4 to 8.4 months).
Median overall survival (OS) was 11.6 months (95% Cl, 10.5 to 15.1 months). Hypertension = grade
1 was associated with improved OS after adjusting for performance status (PS) and age (hazard ratio
[HRI], 0.55; 95% CI, 0.31 to 0.97; P = .04). Lower vascular endothelial growth factor levels correlated
with worse PFS after adjusting for age and PS (HR, 0.90; 95% Cl, 0.83 to 0.99; P = .03).

Conclusion

PFS and OS times were higher compared with US trials in ES-SCLC with the same chemotherapy.
However, the primary end point of the trial was not met. Hypertension was associated with
improved survival after adjusting for age and PS.

J Clin Oncol 29:4436-4441. © 2011 by American Society of Clinical Oncology

Angiogenesis is a validated cancer therapy tar-
get.® Vascular endothelial growth factor (VEGF) lev-
els are elevated in a number of malignancies,
including SCLC.>""* Bevacizumab is a monoclonal

Most of the 30,000 new patients with small-cell
lung cancer (SCLC) in the United States each
year have extensive stage (ES) at presentation.’'
Platinum-based chemotherapy can achieve re-
sponse rates of up to 80% and improve survival
from approximately 3 months to 10 months.>™*
The Japanese Clinical Oncology Group (JCOG)
9511 trial compared etoposide-based therapy with
irinotecan-based therapy for untreated ES-SCLC

antibody against VEGF. Toxicities related to bevaci-
zumab have included hypertension, hemoptysis,
thrombosis, proteinuria, leukopenia, GI perfora-
tion, and defective wound healing.'*"® A phase III
trial comparing chemotherapy with or without bev-
acizumab for nonsquamous, non—small-cell lung
cancer (NSCLC) showed a survival advantage with

and reported improved survival of 12.8 months with
irinotecan.” Phase III trials conducted primarily
in the United States comparing etoposide- and
irinotecan-based regimens showed that the regi-
mens had similar efficacy.*”
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bevacizumab.'® A phase III trial in advanced colon
cancer showed a survival advantage for the addition
of bevacizumab to irinotecan-based chemothera-
py."” Promising phase II activity was seen when be-
vacizumab was added to cisplatin and irinotecan in
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advanced gastric cancer and to irinotecan in recurrent glioblastoma
multiforme."®'? The current trial evaluated cisplatin, irinotecan, and
bevacizumab as therapy for untreated ES-SCLC.

Eligible patients had histologic documentation of ES-SCLC. ES was defined as
extrathoracic metastatic disease, malignant pleural effusion, bilateral or con-
tralateral supraclavicular adenopathy, or contralateral hilar adenopathy. Eligi-
bility criteria included Eastern Cooperative Oncology Group (ECOG)
performance status (PS) of 0 to 2 and standard initial laboratory tests. Patients
with CNS metastases were eligible if they had recovered from toxicity and it
was a minimum of 1 week after completion of radiotherapy. Patients were not
eligible if they had recent major surgery, significant hemoptysis, or open
wounds or were receiving full-dose anticoagulation. Each participant signed
an institutional review board—approved, protocol-specific informed consent
in accordance with federal and institutional guidelines. Registration and data
collection were managed by the Cancer and Leukemia Group B (CALGB)
Statistical Center. Data quality was ensured by careful review by CALGB
Statistical Center staff and the study chairperson following CALGB policies.
Data analysis was performed by CALGB statisticians.

Chemotherapy

Patients received cisplatin 30 mg/m? and irinotecan 65 mg/m? on days 1
and 8 and bevacizumab 15 mg/kg on day 1 at 21-day intervals. Bevacizumab
was not continued after chemotherapy. After every two cycles, imaging studies
were repeated to assess tumor response. Patients with stable disease, partial
response, or complete response received a maximum of six cycles of therapy.
The initial 10 evaluable patients were monitored for safety with biweekly
conference calls. Accrual was held until initial cohort safety evaluation
was complete.

Chemotherapy dose modifications were based on treatment day counts.
If platelets were less than 100,000/ L or granulocytes were less than 1,500/ L,
then day 1 therapy was held. Therapy was discontinued if the granulocyte
count did not return to = 1,500/uL and the platelet count did not return to
= 100,000/ after a treatment delay of 3 weeks.

Biomarker Analysis

Whole blood was collected and centrifuged, and plasma was then stored
at —80°C. VEGF 165 and platelet-derived growth factor (PDGF) AB were
determined by enzyme-linked immunosorbent assay kits according to the
manufacturers’ protocol (VEGF; R&D Systems, Minneapolis, MN; PDGF,
Insight Genomics, Falls Church, VA) and expressed in picograms per millili-
ter. Assays were performed in triplicate for each sample, and results were
presented as mean and SE.

At the time that CALGB 30306 was designed, hypertension was not
known to be associated with outcome on bevacizumab therapy, so there was
no preplanned analysis of hypertension and outcome. Hypertension was
known to be an adverse effect associated with bevacizumab therapy, and
collection of hypertension data was preplanned on the study-specific case
report form.

Statistical Analysis

Opverall survival (OS) time was measured from the day of registration
until date of death; living patients were censored at the date of last follow-up.
Progression-free survival (PFS) was measured from the day of registration
until disease progression or death, whichever occurred first; living patients
who did not experience progression were censored at the date of last follow-up.
Progression was defined as at least a 20% increase in the sum of the longest
diameter of target lesions, taking as references the smallest sum of the longest
diameter recorded since the treatment started, or the appearance of one or
more new lesions. Kaplan-Meier estimates were used to illustrate PFS and
OS curves.

The log-rank test and likelihood ratio test were used to investigate
survival difference for patients with or without hypertension adverse
events. Nonparametric Kruskal-Wallis test was used to compare between
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the two batches of biomarkers. Cox proportional hazard models were used to
examine the correlation between survival time and covariates, such as age, PS,
and the biomarkers VEGF and PDGF. Pearson ” statistic was used to test the
relationship between survival time and all the covariates in the model.

The primary end point of the study was based on the proportion of
patients who were alive 12 months after initiation of protocol therapy. For
efficacy end points, the evaluable population consisted of patients enrolled,
excluding patients who canceled, never received any treatment, or were
deemed ineligible based on eligibility criteria specified in the protocol. For
tabulation of safety data, all patients who had grade 3 or greater adverse events
are included.

The study was prospectively designed to differentiate between a 50% and
65% 12-month survival rate. A one-stage phase II design was used. A sample
size of 72 patients would provide approximately 90% power to differentiate
12-month survival rates of 50% or less and 65% or greater, with a one-sided
type I error of 0.097. If a patient remained alive 12 months after the initial
administration of the experimental treatment regimen, treatment was consid-
ered a success; otherwise, it was considered a failure. Ifless than 57% of patients
were successful, it was concluded that the treatment regimen is not worthy of
additional investigation. Secondary objectives were to assess the response rates,
median OS and PFS times, and toxicity. Analyses of associations between
hypertension, VEGF and PDGF levels (treated as continuous variables), and
PFS or OS were performed using univariate and multivariate Cox regression
hazard models. Members of the Audit Committee visit all participating insti-
tutions at least once every 3 years to review source documents.

Study activation occurred in December 2004, and closure occurred in
April 2006. Seventy-two patients were registered, and four patients
were canceled, receiving no treatment. Of the 68 remaining patients,
four patients were ineligible as a result of elevated baseline AST, no
baseline brain imaging, NSCLC, and being deemed ineligible by treat-
ing institution after cycle 1, day 1. All results presented exclude ineli-
gible patients except for those presented in Table 1, which lists adverse
events. Baseline characteristics are listed in Appendix Table A1 (online
only). The median number of treatment cycles was six cycles, and 41
patients finished six cycles.

Adverse event data were collected on 68 patients, and treatment-
related grade = 3 events are listed in Table 1. Adverse events affecting
10% or more of patients were neutropenia (25%), all electrolyte
(23%), diarrhea (16%), dehydration (12%), leukocytes (11%), throm-
bocytopenia (10%), fatigue (10%), and nausea (10%). There were
three grade 5 adverse events (congestive heart failure, pneumonitis/
pulmonary infiltrates, and CNS hemorrhage/bleeding). The patient
who died of CNS bleed presented with a stroke without hemorrhage
on the initial brain computed tomography scan performed to assess an
acute change in neurologic status. There was no greater than grade 2
hemoptysis or fistula between an airway and an adjacent structure
reported. Additional adverse events included one bowel perforation,
one typhlitis, two thromboses related to vascular access devices, and
two incidents of cerebrovascular ischemia, including one in the pa-
tient who ultimately died of CNS bleed.

Of the 64 patients assessable for efficacy, three patients (5%)
achieved complete response and 45 patients (70%) achieved partial
response, for an overall response rate of 75% (Appendix Table A2,
online only). Median PES was 7.0 months (95% CI, 6.4 to 8.4 months;
Fig 1). Median OS was 11.6 months (95% CI, 10.5 to 15.1 month; Fig
2). Twelve-month survival was 43.8% (95% CI, 33.1% to 57.8%), with
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Table 1. Grade 3 or 4 Toxicities Occurring in = 5% of Patients and All
Grade 5 Toxicities (n = 68)
Grade 3 Grade 4 Grade 5
No. of No. of No. of
Adverse Event Patients % Patients % Patients %
Hematologic
Hemoglobin 6 9 0 0 0 0
Leukocytes (total WBC) 5 7 3 4 0 0
Neutrophils (ANC/AGC) 13 19 4 6 0 0
Platelets 4 6 3 4 0 0
Maximum hematologic 18 26 7 10 0 0
Nonhematologic
Hypertension 6 9 0 0 0 0
Fatigue 7 10 0 0 0 0
Anorexia 4 6 0 0 0 0
Dehydration 8 12 0 0 0 0
Diarrhea 9 13 2 3 0 0
Nausea/vomiting 7 10 0 0 0 0
Febrile neutropenia 4 6 0 0 0 0
Infection 5 7 0 0 0 0
Hypokalemia 6 9 0 0 0 0
Hyponatremia 4 6 2 3 0 0
Congestive heart failure 0 0 0 0 1 1
Hemorrhage CNS 0 0 0 0 1 1
Pneumonitis 0 0 0 0 1 1
Maximum nonhematologic 24 35 5 7 3 4
Maximum overall adverse events 30 44 11 16 3 4
NOTE. Three deaths occurred on therapy (congestive heart failure, n = 1;
pneumonia, n = 1; and embolic/thrombotic stroke that later became hemor-
rhagic, n = 1).
Abbreviations: AGC, absolute granulocyte count; ANC, absolute neutro-
phil count.

28 patients who survived more than 12 months (Table 2). This per-
centage is less than the prespecified 57% needed to declare that this
study is worthy of further investigation.

Seventy-two patients were registered for correlative studies. Four
patients were cancelled and did not receive therapy, and four patients
were deemed ineligible. Blood samples from 59 patients were collected
and sent for analysis in two separate batches (48 samples in batch 1 and
11 samples in batch 2) several months apart. Of the 64 patients, five
patients either had unusable samples or did not consent for use of their
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Fig 1. Kaplan-Meier curve for progression-free survival.
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Fig 2. Kaplan-Meier curve for overall survival.

blood sample. There was no difference in age and PS between patients
who provided samples and those who did not. There were significant
differences in both VEGF and PDGF levels between batches (tested
using nonparametric Kruskal-Wallis test; P = .0027 and P < .001 for
VEGF and PDGF, respectively). All Pvalues were two-sided tests at the
P = .05level. For the 48 samples in batch 1, the median VEGF level was
78 pg/mL (range, 0.05 to 1,812 pg/mL), whereas the median PDGF
level was 26 pg/mL (range, 3.95 to 113 pg/mL). There was no
correlation between tumor response and VEGF or PDGF level.
Lower VEGF level, but not PDGF level, before starting therapy was
associated with worse PFS (hazard ratio [HR], 0.904; 95% CI, 0.825
to 0.991; P = .0309) when analyzed with a multivariate Cox pro-
portional hazards model after adjusting for age greater than 65 years
and ECOG PS of 0, 1, or 2. Lower VEGF level, but not PDGF level,
showed a trend of association with worse OS (HR, 0.924; 95% ClI,
0.848 to 1.008) after adjusting for age and PS, but the trend was not
significant (P = .0745; Appendix Table A3, online only). However,
univariate VEGF levels were not significantly associated with PFS (HR,
0.626;95% CI, 0.288 to 1.360; P = .24) or OS (HR, 0.626; 95% CI, 0.29
to 1.35; P = .23). We have also investigated the inclusion of the second
batch of 11 patients with adjustments for batch effect. Both the PFS
and OS models for VEGF have P < .10 (Appendix Tables A4 and A5,
online only).

Of 64 patients, 18 patients had grade 1 or greater hypertension,
whereas 46 patients did not have grade 1 or greater hypertension. Two
patients who were still alive at final data analysis were censored, one
with and one without hypertension. Patients developing grade 1 or
greater hypertension had a trend toward improved OS, with an HR of
0.591 (95% CI, 0.336 to 1.039; P = .0676) relative to patients not
developing grade 1 hypertension when analyzed with a Cox propor-
tional hazards model (Table 3). Hypertension was associated with
significantly improved OS after adjusting for age and PS (HR, 0.55;
95% CI, 0.31 to 0.97; P = .04; Fig 3). The proportional hazards
assumption was checked for both models, and the assumption holds.
The median OS time for patients experiencing = grade 1 hypertension
was 15.8 months (95% CI, 10.5 to 21.8 months), and the median OS
time for patients not experiencing hypertension was 10.7 months
(95% CI, 8.4 to 12.9 months). To investigate whether the outcomes for
patients who experienced hypertension differed from the outcomes
for patients who did not experience hypertension, Cox models

JOURNAL OF CLINICAL ONCOLOGY
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Table 2. Median and 12-Month Progression-Free Survival and Overall Survival

No. of Patients Who

12-Month Survival (%) Survival (months)

Experienced Disease

End Point Progression or Death Rate 95% ClI 90% CI Median 95% ClI
Overall survival 62 43.8 33.1t057.8 34.7 t055.2 11.6 10.5t0 15.1
Progression-free survival 63 10.9 5.4t022.0 6.1t019.7 7.0 6.4t08.4

NOTE. The 12-month survival rates were computed using the Kaplan-Meier estimator (n = 64).

with age and PS were fitted in one model, and an indicator for
experiencing hypertension was added in addition to age and PS in
the second model. The likelihood ratio test comparing these two
models for OS was statistically significant (P = .03), indicating that
patients on cisplatin, irinotecan, and bevacizumab who experi-
enced hypertension had better outcomes than patients who did not
experience hypertension.

The median PFES of 7.0 months (95% CI, 6.4 to 8.4 months) and OS of
11.6 months (95% CI, 10.5 to 15.1 months) seen in this phase II trial of
cisplatin, irinotecan, and bevacizumab were modestly higher com-
pared with the results with irinotecan-based regimens in ES-SCLC of
two recent phase I1I trials for ES-SCLC conducted in the United States
and recent trials with etoposide-based regimens.*®”*° However, this
trial did not meet the primary objective, which was to improve on the
12.8-month survival reported by the JCOG 9511 trial with the cisplatin
and irinotecan combination.’

The JCOG 9511 trial showed superior survival for irinotecan
compared with etoposide, but large randomized trials conducted in
North America have found survival to be similar between etoposide-
and irinotecan-based regimens.*” In the Hoosier Oncology Group
(HOG) trial, the same cisplatin and irinotecan chemotherapy regimen
was studied as was used in our trial, and PFS was 4.1 months and OS
was 9.3 months.” In a Southwest Oncology Group (SWOG) trial, the
cisplatin and irinotecan combination was the same as was used in
JCOG 9511, and PFS was 5.8 months and OS was 9.9 months.® There-
fore, the cisplatin and irinotecan arms for the two large phase III trials
conducted primarily in the United States had survival times substan-

Table 3. Log-Rank Test and Cox Model for Association Between Grade = 1
Hypertension and Overall Survival
Measure Result
Grade = 1 hypertension
No. of deaths 17
No. of patients censored 1
No grade = 1 hypertension
No. of deaths 45
No. of patients censored 1
Log-rank P .0645
Cox model
P .0676
Hazard ratio 0.591
95% Cl 0.336 to 1.039

WWW.jco.org

tially lower than JCOG 9511.%” A comparative analysis of response
rates and toxicities between the cisplatin and irinotecan arms of JCOG
9511 and SWOG 0124 suggests that there may be pharmacogenomic
factors that account for differences in the efficacy and toxicities seen
on the two trials.”! In the irinotecan arms, the incidence of grade 3 or
higher neutropenia was 65% on the JCOG 9511 trial and 34% on the
SWOG 0124 trial (P < .001). It is now apparent from the results of
the HOG and SWOG trials that it might have been better to base the
primary survival end point for CALGB 30306 on the control arm of a
phase III US trial such as the 9.9-month survival time reported in
CALGB9732.*

An ECOG phase II trial that studied cisplatin, etoposide, and
bevacizumab in ES-SCLC reported a median PFS of 4.7 months and a
median OS of 10.9 months.>* The Study of Bevacizumab in Previously
Untreated Extensive-Stage Small Cell Lung Cancer (SALUTE) trial, a
randomized phase II trial of cisplatin or carboplatin and etoposide
with or without bevacizumab in untreated ES-SCLC, showed im-
proved PFS but no improvement in OS for the bevacizumab arm.*
Similarly, the PFS of 7.0 months observed in CALGB 30306 is favor-
able compared with the PFS of 5.8 months and 4.1 months reported
for irinotecan-based chemotherapy alone in previously untreated ES-
SCLC. ®” Bevacizumab was continued after chemotherapy until dis-
ease progression in the ECOG and SALUTE trials. In CALGB 30306,
bevacizumab was not continued after chemotherapy because there
were no data comparing bevacizumab concurrent with chemotherapy
with or without maintenance bevacizumab showing improved sur-
vival with maintenance therapy. The OS seen in phase II trials of
standard chemotherapy plus bevacizumab in ES-SCLC does not jus-
tify further study of such regimens in unselected populations.
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Fig 3. Kaplan-Meier curve for overall survival for patients with or with-
out hypertensive adverse events (AEs), either grade = 1 hypertension or
no hypertension.
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Life-threatening hemoptysis has been reported with bevaci-
zumab in advanced NSCLC, especially with squamous cell histol-
ogy.">" It has been speculated that central tumors may be a risk for
hemoptysis with bevacizumab therapy. Histology may be the most
important factor for hemoptysis risk because CALGB 30306 and a
similar ECOG trial did not observe significant hemoptysis with bev-
acizumab in SCLC, which is often a centrally located tumor.?? Tra-
cheoesophageal fistulas were seen in studies of limited-stage SCLC
and NSCLC with the combination of chemoradiotherapy and bevaci-
zumab, but no fistulas were reported for the patients treated in our
trial.>* The nonhemorrhagic stroke that later became hemorrhagic
and fatal could possibly be bevacizumab related. Hypertension was
seen as expected for bevacizumab-containing regimens. Two cases of
thrombosis associated with catheters and one bowel perforation may
be related to bevacizumab. On CALGB 30306, three (4.4%) of 68
patients experienced treatment-related death, whereas on the HOG
trial, 22% of patients with PS of 2 and 3.6% of patients with PS of 0 to
1 experienced treatment-related death, and on the irinotecan arm of
the SWOG trial, 11 (3.5%) of 317 patients experienced treatment-
related death.*” In the other two trials in which bevacizumab was
added to a standard etoposide chemotherapy combination in un-
treated ES-SCLC, similar toxicities were reported.”>** One patient on
the SALUTE trial had grade 5 hemoptysis during cycle 1 of chemo-
therapy plus bevacizumab.*

Hypertension is a common adverse effect of bevacizumab ther-
apy and may reflect effective inhibition of the VEGF pathway.”>*
There has been an association between the development of hyperten-
sion with bevacizumab and improved outcome in some clinical trials
of breast cancer, colorectal cancer, and NSCLC.*”*” In this trial, there
was a significant association between the development of hyperten-
sion and improved survival after adjusting for age and PS. An analysis
of hypertension and outcome was not presented for the ECOG trial or
SALUTE trial that studied etoposide-based chemotherapy and bevaci-
zumab in ES-SCLC.**** Our results are in agreement with random-
ized trials in other cancers that show that the development of
hypertension may be a biomarker for bevacizumab benefit and sug-
gest that a subset of patients with ES-SCLC might benefit from the
addition of bevacizumab to chemotherapy.

VEGEF levels increase with progression of SCLC, and a recent
meta analysis confirmed that VEGF overexpression indicates poor
prognosis in patients with SCLC.?>?! High pretreatment serum VEGF
level was reported to be associated with poor response and survival in
patients with SCLC treated with combination therapy.”>** In our
study, lower pretreatment levels of VEGF were associated with worse

PFS. This is in contrast to a similar trial in which only baseline vascular
cell adhesion molecule levels predicted survival.* Overall, there is no
predictor biomarker in blood that has been identified for bevaci-
zumab therapy in ES-SCLC.

In conclusion, the combination of cisplatin, irinotecan, and
bevacizumab for untreated ES-SCLC had an acceptable toxicity
profile without clinically significant bleeding or fistula formation.
The efficacy was modestly promising compared with standard
chemotherapy alone in the same setting for trials performed in the
United States. The results do not justify a phase III trial in an
unselected population. The development of hypertension was asso-
ciated with improved survival after adjusting for age and PS. It would
be appropriate to study this combination further if a biomarker were
identified to select the patients who benefit from the addition of
bevacizumab to chemotherapy.
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