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Figure 1. Survival curves drawn based on the results of the clonogenic assay. The cells were exposed to various concentrations of metformin for 1 or 24 h
before being trypsinized and plated for colony formation in complete medium. Otherwise, the cells were trypsinized and plated for colony formation by further
culture for 10 days in metformin-containing complete medium. RERF-LC-AI, A549, IA-5, and WA-hT represent squamous, adeno-, large cell, and small cell
lung carcinoma cell lines, respectively. MetSA and A31 represent non-transformed human mesothelial and mouse fibroblast cell lines, respectively. Each
experiment was conducted in triplicate and repeated 3 times. The mean value of each triplicate represents the value of each experiment, while the mean + SD
of the 3 experimental results were calculated. The dot and bar represent mean and SD at each point.
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Figure 2. Survival curves drawn based on the results of the cell survival assay. The cells were plated at a concentration of 10° cells/plate with complete medium
containing metformin at various concentrations, and were further cultured for 4 days with metformin until the surviving cells were counted. Each experi-
ment was conducted in triplicate and repeated 3 times. The mean value of each triplicate represents the value of each experiment, and the mean + SD of the
3 experimental results were calculated. The dot and bar represent mean and SD at each point.

(Fig. 4A). Apoptosis assessed by determining the activities of  Cell cycle distribution. In cell cycle analysis, the effects of
caspases 3, 8 and 9 revealed results similar to that of Hoechst — metformin at IC;, and IC,, were compared to those of cisplatin
staining (Fig. 4B). at IC,; and at a higher concentration in each cell line. Although
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Figure 3. Survival curves drawn based on the results of the cell survival assay. The cells were treated with various concentrations of cisplatin instead of

metformin. Other procedures were conducted as mentioned in Fig 2

there was no statistically significant difference except for the
case of RERF-LC-AI, metformin induced GO/G1 phase accu-
mulation in all 4 cell lines, whereas cisplatin at IC,, caused

significant G2/M phase accumulation in RERF-LC-AI and"

WA-IT, and GO/G1 phase accumulation in A549 cells. On the
other hand, higher concentrations of cisplatin caused signifi-
cant G2/M phase accumulation in all 4 cell lines (Fig. 5).

Interaction of metformin and cisplatin. In this experiment,
cisplatin at ICs, and ICy, in each cell line was combined
with metformin. The inhibitory effects of metformin on cell
proliferation were slightly suppressed with cisplatin at IC, in
all cells, except A549 cells. A higher dose (ICy) of cisplatin
almost completely countervailed or even reversed the effects
of metformin in all cell lines except for A549, where a modest,
but significant, sub-additive effect was observed (Fig. 6).

Discussion

Metformin inhibited clonogenicity and cell proliferation in
all 4 cell lines in a similar manner. On the other hand, WA-hT
cells showed significantly higher sensitivity to cisplatin
compared to the other cell lines. Concerning clonogenicity,
the inhibitory effect of metformin was not specific to cancer
cells because non-transformed mouse fibroblast and human
mesothelial cell lines were also inhibited. Contrary to
molecular targeted agents which specifically kill cancer cells
harboring their specific targets, classical cytotoxic agents kill
cells similarly even between cancer and non-transformed
cells in vitro but preferably kill the former over the latter
in vivo with differential effects to the cells according to
different dividing capabilities. Therefore, it is speculated that
metformin does not attack cancer-specific target molecules.
In addition, the clonogenic assay disclosed that it is necessary

to expose the cells to metformin for long periods of time to
exert the inhibitory effects. As the surviving fraction reached
a plateau in the range of 0.1-0.3 in the various cell lines with
increasing doses of metformin (Fig. 2), the concentrations of
IC,, and IC,, were chosen for further elucidating the mecha-
nism of action.

Metformin did not enhance apoptosis at relatively low
concentrations, as assessed by Hoechst staining and caspase
activities in all cell lines except for WA-hT. Although the
differences were not statistically significant except in RERF-
LC-AI, metformin at IC;; and IC,, in each cell line tended
to cause GO/G1 phase accumulation. Specifically, metformin
exerted cytotoxicity by GO/G1 arrest in RERF-LC-AI, A549,
and IA-5 and by both GO/GI arrest and apoptosis in WA-hT
cells. Although metformin may induce a different effect at
higher concentrations, such high concentrations would not be
clinically relevant. More specifically, the mean peak plasma
concentration (C,,,) in 5 Japanese diabetes patients was
reportedly 0.85 +0.19 pg/ml (5.1£1.1x10 mM) when 250 mg
of metformin was orally administered (21). Since the maximal
single dose of 750 mg metformin is prescribed 3 times a day,
an estimation of the C,,,, would be 15x10° mM. Although the
dose range employed in the present research is approximately
100-fold higher than the plasma concentration that is achieved
by conventional clinical application, the present results still
seem clinically relevant for several reasons; a) chronic admin-
istration of metformin for months or even years in the clinical
setting would be possible and the long-term exposure may
augment its effects as demonstrated in Fig. 1; b) metformin
accumulates in tissues at much higher concentrations than in
the blood (22); and c) a dose-finding study for cancer treatment
might determine the maximal tolerated dose of metformin at
a much higher level than currently used for diabetic patients.
Moreover, further elucidating the antiproliferative action of
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Figure 4. Apoptotic induction by treatment with metformin or cisplatin assessed by (A) Hoechst staining and (B) by caspase activities. The concentrations
of metformin were IC,, and IC,, for each cell line. The concentrations of cisplatin were IC,, and higher for each cell line. Differences from the control (no
exposure to agents) were compared using the Student's t-test, and the resulting p-values are presented. "p<0.05 (two-tailed). Each experiment was repeated
3 times, and the mean + SD values of the 3 experimental results are presented.

metformin may lead to the discovery of crucial target mole-  relation to its apoptotic induction and cell cycle alteration.
cules for more effective new agents. Contrary to some studies reporting enhanced apoptosis in

There is an increasing number of reports on the anti- triple-negative breast cancer (6) and pancreatic cancer cells
neoplastic effects of metformin highlighting controversy in  (10), others failed to observe apoptosis in non-triple-negative
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Figure 5. Alteration of cell cycle distribution by metformin or cisplatin assessed using the propidium iodide single-color method with a flow cytometer.
Similarly to apoptosis analysis, the concentrations of metformin were IC;, and IC,, for each cell line, while the concentrations of cisplatin were IC,, and higher
for each cell line. Differences from the control (no exposure to agents) were compared using Student's t-test and the resulting p-values are presented. "p<0.05
(two-tailed). Each experiment was repeated 3 times, and the mean + SD values of the 3 experimental results are presented.
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Figure 6. Interaction between metformin and cisplatin on cell proliferation inhibition. The cell survival assay was conducted using various concentrations
of metformin as described in Fig. 2 except that the cells were exposed to 3 different concentrations of cisplatin, its ICs, and ICy, for each cell line and 0,
together with metformin. In each curve with a defined cisplatin concentration, a fraction against the value without metformin was plotted at each metformin
concentration point. Therefore, the curves located above the curve without cisplatin represent the antagonistic effects between the 2 agents. In particular,
curves exceeding the line at fraction 1 (dotted lines) represent inverse effects, i.e., cell proliferation-enhancing effects by metformin treatment. Each experi-
ment was conducted in triplicate and repeated 3 times. The mean value of each triplicate represents the value in each experiment, and the mean + SD of the 3
experimental results were calculated. The dot and bar represent mean and SD at each point.
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breast cancer (5) and a prostatic cancer cell line (9). Notably,
cell cycle accumulation at the S phase was observed in a
study on triple-negative breast cancer (6) and a pancreatic
cancer cell line (10) that accompanied apoptosis enhance-
ment, whereas an arrest at the G1 check point was observed
in the non-triple-negative breast cancer (5) and the prostatic
cancer cell line (9), and this arrest was not accompanied by
apoptosis enhancement. In addition, G1 arrest was observed
in an ovarian cancer cell line (12). The present results also
differed among the cell lines, each of them representing a
different histological type of human lung cancer. Metformin
did not exert apoptosis induction but showed a tendency
toward GO/G1 arrest in RERF-LC-AI, A549, and 1A-5 cell
lines, similarly to the results with non-triple-negative breast
cancer (5) and prostatic cancer cell lines (9). However, WA-hT
simultaneously underwent apoptosis and slight GO/G1 arrest.
In view of the diversified results even among the 4 cell lines
of a single disease, it would not be inappropriate to conclude
that metformin affects different cancers or cancer cell lines
differently.

The results of the combined effects of metformin and
cisplatin are noteworthy. Administration of cisplatin at I1Cs,
along with metformin decreased the sensitivity to metformin
in all 4 cell lines. Moreover, the combined use of metformin
and high-dose cisplatin enhanced metformin-induced growth
in all cell lines, excluding A549, because the cell survival
curves of the other 3 cell lines exceeded the lines of frac-
tion 1. Controversy exists in the literature with respect to the
interaction with cisplatin. According to the research conducted
by Gotlieb et al (11) and Rattan et al (13), metformin with
cisplatin synergistically killed ovarian cancer cells. In
contrast, Janjetovic et al (18) reported an antagonistic inter-
action between metformin and cisplatin in human glioma,
rat glioma, human neuroblastoma, mouse fibrosarcoma, and
human leukemia cell lines, possibly via an AMP kinase-inde-
pendent upregulation of the Akt survival pathway. However,
they also found augmented cisplatin sensitivity by metformin
in a mouse melanoma cell line. Harhaji-Trajkovic et al (19)
reported the antagonistic action of metformin on cisplatin.
These findings again suggest that metformin affects different
types of cancer, differently. On the other hand, the interac-
tion between metformin and cisplatin in the present study was
unexceptionally antagonistic in all 4 cell lines.

In conclusion, metformin inhibited the proliferation of
various histological types of human lung cancer cell lines,
possibly by varied mechanisms including apoptosis induc-
tion and GO/G1 arrest according to the cell line. Metformin
and cisplatin were antagonistic in all 4 investigated cell
lines. Taking account of its limited clinical adverse effects,
metformin may have the potential for use in cancer therapy
with adequate consideration of drug-drug interaction.
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Purpose
Since treatment efficacy of cisplatin- or carboplatin-based chemotherapy in the first-line treatment

of small-cell lung cancer (SCLC) remains contentious, a meta-analysis of individual patient data
was performed to compare the two treatments.

Patients and Methods ] )
A systematic review identified randomized trials comparing cisplatin with carboplatin in the

first-line treatment of SCLC. Individual patient data were obtained from coordinating centers of all
eligible trials. The primary end point was overall survival (OS). All statistical analyses were stratified
by trial. Secondary end points were progression-free survival (PFS), objective response rate (ORR),
and treatment toxicity. OS and PFS curves were compared by using the log-rank test. ORR was
compared by using the Mantel-Haenszel test.

Results

Four eligible trials with 663 patients (328 assigned to cisplatin and 335 to carboplatin) were
included in the analysis. Median OS was 9.6 months for cisplatin and 9.4 months for carboplatin
(hazard ratio [HR], 1.08; 95% CI, 0.92 to 1.27; P = .37). There was no evidence of treatment
difference between the cisplatin and carboplatin arms according to sex, stage, performance
status, or age. Median PFS was 5.5 and 5.3 months for cisplatin and carboplatin, respectively (HR,
1.10; 95% Cl, 0.94 10 1.29; P = .25). ORR was 67.1% and 66.0%, respectively (relative risk, 0.98;
95% Cl, 0.84 to 1.16; P = .83). Toxicity profile was significantly different for each of the arms:
hematologic toxicity was higher with carboplatin, and nonhematologic toxicity was higher
with cisplatin.

Conclusion
Our meta-analysis of individual patient data suggests no differences in efficacy between cisplatin
and carboplatin in the first-line treatment of SCLC, but there are differences in the toxicity profile.

J Clin Oncol 30:1692-1698. © 2012 by American Society of Clinical Oncology

impairment, and its administration requires a
. 5,6 o .
prolonged hydration,™® but carboplatin is associ-

Small-cell lung cancer (SCLC) accounts for approx-
imately 15% of all lung cancers. At presentation,
approximately 70% of patients are diagnosed as hav-
ing extensive disease and the remaining patients are
diagnosed as having limited disease.’

The main international guidelines recommend
platinum-based chemotherapy as the standard of
care for first-line therapy of SCLC.>* However,
whether cisplatin or carboplatin are equally effective
in the treatment of SCLC is still contentious. These
two platinum compounds have different toxicity
profiles. Cisplatin is associated with more GI ad-
verse effects, neurotoxicity, and renal function

1692 © 2012 by American Society of Clinical Oncology
Information downloaded from jco.ascopubs.org and provided by at YOKOHAMA CITY UNIV on December 10, 2013 from

ated with more myelosuppression.

Although the mechanisms of action are sim-
ilar, it is unclear whether carboplatin and cisplatin
have the same clinical efficacy. For some tumors
such as ovarian cancer, randomized studies”®
supported the use of carboplatin instead of cispla-
tin; for other tumors, such as germ cell and head
and neck tumors, cisplatin is superior to carbopla-
tin.” Several meta-analyses have addressed the issue of
cisplatin-based versus carboplatin-based chemoth-
erapy in the first-line treatment of advanced non—
small-cell lung cancer. Cisplatin-based regimens
resulted in slightly superior outcomes compared

Copyright © 2012 American SotBa 62 Gl Oncology. All rights reserved.
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with carboplatin-based chemotherapy in terms of objective re-
sponse rate (ORR) and, in certain subgroups, prolonged overall
survival (OS), without being associated with a significant increase
in toxic effects.'®"!

With the aim of comparing the efficacy of cisplatin versus carbopla-
tin in the first-line treatment of SCLC, we conducted a meta-analysis of
individual patient data (COCIS; Carboplatin- or Cisplatin-Based Treat-
ment for SCLC) on patients enrolled onto randomized trials compar-
ing the effectiveness of these two compounds.

Identification of Eligible Trials

Aliterature search was performed in December 2008 and was updated in
June 2009 to identify all published and unpublished randomized trials com-
paring cisplatin- and carboplatin-containing chemotherapy as first-line treat-
ment of patients with SCLC.'? The search was performed by using PubMed,
EMBASE, MEDLINE, and the Cochrane Database. Proceedings of the main
international meetings (American Society of Clinical Oncology, European
Society for Medical Oncology, European Cancer Conference, and World Con-
ference on Lung Cancer) were searched from 2005 onward. The following key

»« » <«

words were used: “small cell lung carcinoma,
“randomized trial.”

Data Collection and Study Quality

Individual patient data were requested for all patients within each of the
fouridentified trials. A list of the types of data collected is available in Appendix
Table A1 (online only). Before performing the analyses, data from each study
were carefully checked and verified for coherence with the original publica-
tions: database quality was good for all of the eligible studies.

Statistical Methods

All of the analyses planned and prespecified in the meta-analysis protocol
were performed according to the intention-to-treat principle. All the analyses
were stratified by trial, and all tests were two-sided.

The primary end point was OS, defined as the time between date of
random assignment and date of death or last date of follow-up for censored
patients. OS curves were estimated by using the Kaplan-Meier technique and
were compared by using the stratified log-rank test. Median follow-up was
calculated according to the inverted Kaplan-Meier technique.*

Because the meta-analysis was based on individual patient data, het-
erogeneity of treatment effect on OS among trials was assessed by the
likelihood ratio of two trial-stratified models, one with trial-specific treat-
ment estimates and one with overall treatment estimates.'* Under the null
hypothesis of no heterogeneity, this statistic follows approximately a x*
distribution on J — 1 degrees of freedom (where ] is the total number of

carboplatin,” “cisplatin,” and

Table 1. Characteristics of the Four Randomized Trials Included in the Meta-Analysis

Variable Joss et al?’

Skarlos et al??

Okamoto et al?® Lee et al**

Treatment schedute ;
Cisplatin arm Cisplatin 30 mg/m? days 1- 3.+
e ~. doxorubicin:40 mg/m? day 1 +
©  etoposide 100 mg/m? days 1-3
. Followed (usually after 17-21
- days) by cyciophosphamnde :
1,000 mg/m2 day 1 + o
_ methotrexate 20. mg/m? days

cycles .

day 1 + Iomustlne 40 mg/m
day 1 REsha

Carboplatm 80 mg/m2 day 1.+
teniposide 80 mg/m? day 1
once per week

_ Carboplatin arm

Cisplatin 50 mg/m? days 1-2 + -
etoposide 100 mg/m2 days
13 every 3 weeks up to SIX

- 14,17 + vincristine 1 4mg/m2, S

+ Carboplatin 300 mg/m2 day 1.+
etoposide 100 mg/m? days
1-3-every 3 weeks up'to SlX

: P cycles . “weeks up.to four cycles - weeks up to six cycles
Radiotherapy N/A L.D: OR — Chest RT N/A LD: OR — Chest RT
(concurrent with third cycle)
and PCI
ED: CR — Chest RT CR also PCI
(concurrent with third cycle)
and PCI
Primary end point N/S 3 NS Overall'survival ~ Overall survival
Planned sample size N/S N/S 220 241
Actual sample size B9 o i 143 220 0 LY L
Start of accrual September 1989 September 1987 September 1998 January 1999
" End of .accrual - September 1991 November 1991 January 2004 October 2001
Median follow-up, months'  N/A (all patients dead) 26.3 58.9 24.0
No. of deaths recorded 59 (100%) 111 (78%) 203 (92%) 216 (90%)
Eligibility criteria
Age limitations, years N/S <75 =70 (PS 0-2) Both <70 and =70
<70(PS3)
PS 0-3 0-2 0-2 (= 70 years) 0-2 (ED)
3 (< 70 years) =2(LD)
Stage ED ED ED ED (PS 0-2)
LD Poor prognosis LD (PS = 2

" Cisplatin 60-mg/m? day'l + :
etoposide 120 mg/m?
day 1; 100 mg/m? twice

-a day orally days 2-3 :
~ every 3 weeks up to six
: fcycles ;

C:splatln 25 mg/m ‘days
- 1-3 + etoposide 80 mg/
m? days 1-3, every 34
: weeks up to four cycles

Carboplatin AUC 5 day 1 +
gemcitabine 1,200 mg/
m? days 1 and 8 every. 3

Carboplatin AUC 5 day 1 +
‘etoposide 80 mg/m?
days 1-3 every 3-4

and/or increased ALP)

Abbreviations: ALP, alkaline phosphatase; AUC, area under curve; CR, complete response; ED, extensive disease; LD, limited disease; N/A, not applicable; N/S, not
specified; OR, objective response; PCI, prophylactic cranial irradiation; PS, performance status; RT, radiotherapy.
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trials). Findings of the meta-analysis are depicted in classic Forest plots,
with point estimates and 95% Cls for each trial and for the studies overall;
diamond size is proportional to study size.

Further exploratory analyses were performed in the subgroups and
were based on the main baseline patients’ characteristics of sex, age
(younger than 70 years v 70 or older), stage (limited v extensive), and
Eastern Cooperative Oncology Group (ECOG) performance status (0 to 1
v 2 to 3) to describe possible heterogeneity of treatment effect. An interac-
tion test was also performed.

Secondary end points were progression-free survival (PFS), ORR,
and treatment toxicity. PFS was defined as the time between date of
random assignment and date of progression, or date of death for patients
without progression, or last date of follow-up for censored patients. PFS
analyses were similar to those for OS. ORRs were compared by using the
stratified Mantel-Haenszel x* test for combining two-by-two tables, and
the Breslow-Day test was used to detect differences in treatment effect
among the trials.'* For ORR, patients achieving a complete response or
partial response were considered as responders, and all others were con-
sidered as nonresponders.

Toxicity variables were dichotomized as (1) any grade (grade 1 to 5)
versus no toxicity and (2) severe (grade 3 to 5) versus no/mild toxicity (grade 0
to 2). Toxicity rates were compared by using the stratified exact tests; Zelen’s
exact test was used to detect differences in toxicity effects among the trials,'®
and the pooled odds ratio with 95% CI was estimated by means of the ex-
act method.

Statistical analyses were performed by using S-PLUS (S-PLUS 6.0 Pro-
fessional, release 1; Insightful Corporation, Seattle, WA) and SAS 9.2 (SAS
Institute, Cary, NC); the graphs were generated by using SigmaPlot 8.0 for
Windows (SPSS, Chicago, IL) and R 2.13 (R Foundation for Statistical Com-
puting, Vienna, Austria) software packages. Exact tests were performed by
using StatXact 7 (Cytel Software, Cambridge, MA).

Table 2. Baseline Characteristics of the Patients by Treatment Group
Cisplatin- Carboplatin-
Based Based All Patients
(n = 328) (n = 335) (N = 663)
Characteristic No. % No. % No. %
Clinical trial . S :
Okamoto et al*® 110 335 110 328 220 332
‘Leeetal? 1200 366 121 361241 363
Skarlos et al?2 - 71 218 72 215 143 218
Joss et al?! 97082 329659 89
Age, years
Median 67 66 67
Range 27-85 36-86 27-86
<70 192 585 194 579 386 582
>70 136 415 141 421 277 418
Sex : G % 3 ;
Male : 255 77.7 2612779 516 77.8
Female 73 223 74 221 147 222
Stage
Limited disease 107 326 103 30.7 210 31.7
Extended disease 221 67.4 232 69.3 453 68.3
ECOG performance status :
0 37 11.3 42 12.5 79 11.9
1 204 62.2 193 57.6 397 59.9
2 66 . 20.1 77 230 143 216
3 : 21 6.4 23 6.9 44 6.6
Abbreviation; ECOG, Eastern Cooperative Oncology Group.
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Characteristics of the Trials

Of the nine publications evaluated at the initial stage, five were
excluded for the following reasons: two because of data included in
another article’®'”; one because it was not a randomized trial'®; one
because it was a randomized phase IT noncomparative trial'*; and one
because of a preplanned, systematic cross-over”® (Appendix Fig A1,
online only). The remaining four trials were eligible with a total of 663
patients: one trial was conducted in Switzerland,”" one in Greece,”
one in Japan,? and one in the United Kingdom.** The results of all
four trials have already been published in full-length articles.

Thanks to the efforts of the principal investigators and data cen-
ters, individual patient data were available for all four eligible trials.
Main characteristics of the four trials are described in Table 1. All four
trials compared carboplatin- versus cisplatin-based doublets with the
exception of the Joss et al trial,” in which a carboplatin doublet
(considered the experimental arm) was compared with an alternating
cisplatin-based schedule that included seven different drugs (consid-
ered the standard arm).

Patient Characteristics and Treatment Outcomes
Of'the 663 eligible patients, 328 patients (49.5%) were assigned to
cisplatin and 335 (50.5%) to carboplatin. Baseline characteristics of

Pts  Events Median 0S 95%ClI
{months)
momns Cisplatin - 328 293 9.64 87210 10.7
— 0.8+ . Carboplatin 335 296 941 8750 10.7
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=
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Fig 1. (A) Overall survival (OS) and (B) progression-free survival (PFS) curves by
treatment arm. Pts, patients.
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the 663 patients are described in Table 2. Median age was 67 years
(range, 27 to 86 years). Most of the patients were males (78%) and had
a good performance status (0 or 1 in 72%). Two trials*"** were limited
to extensive disease, and the UK trial** allowed the inclusion of pa-
tients with limited disease who had a poor prognosis defined by poor
performance status and/or high levels of alkaline phosphatase. The
Greek trial* was the only trial that allowed the inclusion of patients
with limited disease independent of their prognosis.

In the two trials*>** that enrolled patients with limited disease,
thoracic radiotherapy was administered to 123 patients (32.1%), with
similar proportions in the two treatment arms (34.2% in the cisplatin
arm and 30.1% in the carboplatin arm). Information about prophy-
lactic cranial irradiation was available in the same two trials*>**: pro-
phylactic cranial irradiation was administered to 23.0% of patients,
again with similar proportions in the two treatment groups (23.3% in
the cisplatin arm and 22.8% in the carboplatin arm).

Median follow-up according to the Schemper and Smith
method"® was 31.9 months (29.4 months in the cisplatin arm and 31.9
months in the carboplatin arm). OS curves for patients according to
treatment arms are shown in Figure 1A. Overall, 589 deaths were
recorded (89%), with median OS of 9.6 months in the cisplatin arm
and 9.4 months in the carboplatin arm. The corresponding hazard
ratio (HR) was 1.08 (95% CI, 0.92 to 1.27; P = .37 with the log-rank
test stratified by trial). The 6-month survival rate was 75.3% and
72.7% and the 1-year survival rate was 36.2% and 35.0% for cisplatin
and carboplatin, respectively. As shown in Figure 2A, there was evi-
dence of heterogeneity among the four trials (P = .062; = 59%) with

A Hazard Ratio (95% CI)

Skarlos (n = 143)  F—tt— 0.91 (0.62 to 1.31)

Joss (n = 59) 2.18 (1.25 t0 3.80)

Okamoto (n=220) ,..f.. 1.01(0.77 to 1.34)

Lee (n=241) ——s 1.06 (0.81 to 1.38)
Overall {n = 663) ?. 1.08 (0.92 t0 1.27)
1 2 3 a

Hazard Ratio
Favors carboplatin Favors cisplatin

P (x2 for heterogeneity) = .062, /2 = 59%

B Hazard Ratio (95% Cl)
Skarlos (n = 143)

[————

1.02 (0.72 to 1.44)

Joss (n =59)

3.18(1.78 t0 5.67)

Okamoto {n =220) gt 0.89 (0.68 to 1.16)

v Lee (n = 241)
Overall {n = 663) %

1 2 3 A
P (x2 for heterogeneity) < .001, /2=81%

1.12 (0.86 to 1.47)

1.10 (0.94 to 1.29)

Hazard Ratio
Favors carboplatin Favors cisplatin

Fig 2. Forest plot of (A) overall survival and (B) progression-free survival
by trial.
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Fig 3. Forest plot of (A) overall survival and (B) progression-free survival by
patients’ subgroups. PS, performance status.

the Swiss trial reporting high HR values. A sensitivity analysis was
performed excluding the Swiss trial,”' and the heterogeneity disap-
peared (P = .801; P = 0%). With the exclusion of that trial, the HR
was 1.01 (95% CI, 0.85 to 1.19; P = .94). Survival analysis by sub-
groups is shown in Figure 3A; there was no evidence of significant
heterogeneity among subgroups of treatment effect around the over-
all effect.

PFS curves for patients according to assigned treatment are shown in
Figure 1B. Overall, 618 progressions were recorded (93%), with median
PFS equal to 5.5 and 5.3 months for cisplatin and carboplatin, respec-
tively. The corresponding HR was 1.10 (95% CI, 0.94 to 1.29; P = .25
with a log-rank test stratified by trial). The 6-month PFS was 45.4%
and 40.8% and the 1-year PFS was 16% and 12.2% for patients as-
signed to cisplatin and carboplatin, respectively. A Forest plot of treat-
ment effect on PFS is shown in Figure 2B; there was statistically
significant heterogeneity (P < .001; I* = 81%) with the Swiss trial
reporting high HR values. A sensitivity analysis was performed exclud-
ing the Swiss trial,” and heterogeneity disappeared (P = .477; I* =
0%). With the exclusion of that trial, the HR was 1 (95% CI, 0.85 to
1.19; P = .95). PFS analysis by subgroups is shown in Figure 3B; there
was no evidence of heterogeneity among subgroups of treatment effect
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Table 3. Toxicity
Pf\’/t\i;i’ft’;fs Any Grade Severe Toxicity (grade = 3)
Toxicity  Cisplatin Carboplatin Exact Pt for Cisplatin Carboplatin Exact Pt for
Toxicity Information (%) (%) OR 95% ClI P*  Homogeneity (%) (%) OR 95% ClI P*  Homogeneity
Leucopenia 655 74 77 1.22.0.81101.88 . .357 <.001- - .34 34 .-0.96 0.671t01.37. .863. . . <.001
Neutropenia 458 86 90 1.53 0.811t02.92 A77 .397 64 73 1.74 1.07t02.83 .021 899
Anemia 512 84 89 1.72 0.99103.03 ..049 046 16 .28 173 .1.12102.89  .011 . <.001
Platelets 512 39 71 3.36 2.83t06.34 <.001 <.001 14 42 3.78 2.86t07.19 <.001 < .001
Nausea/vomiting 665 72 63 0.66 047t 0.83 . .013 012 6 3 0.49 0.21t01.11  ',066 .999
Stomatitis 655 25 21 0.78 0.52t01.17 239 .065 1 <1 0.24 0.01t03.32 .320 999
Diarrhea - 458 19 22 ©1.23 0.76102.00 - .415 - 1999 20 2 0.99 0.18105.40  .999 999
Constipation 239 39 51 1.58 09210273 .091 .999 3 5 1561 0.35t07.48 .749 .999
‘Neurotoxicity 416 19 0y 0.29 0.14 16 0.58 ‘<001 243 1 <1 035 001t07.27 .569 999
Renal toxicity 415 25 10 0.34 0.19t00.61 <.001 .787 1.5 5 0.28 0.01t03.78 .351 .540
Toxic deaths 655 — = — : — — 1.9 15,080 0.19t03.18 ..769 101
Abbreviation: OR, odds ratio.
*Exact text stratified by trial.
TExact test for homogeneity of odds ratios.

around the overall effect, with the exception of a significant interaction
with age, favoring cisplatin-based treatment in younger patients and
carboplatin-based treatment in older patients.

ORR was 67.1% (220 of 328; exact 95% CI, 61.8% to 71.9%) with
cisplatin and 66.0% (221 of 335; exact 95% CI, 60.7% to 70.8%) with
carboplatin (P = .83 stratified by clinical trial). Relative risk of ORR
was 0.98 (95% CI, 0.84 to 1.16). The test for heterogeneity was signif-
icant (P = .035; I = 65%). In this case, heterogeneity also disappeared
after excluding the Swiss trial®! (P = .611, I* = 0%).

In the Japanese trial,> one patient assigned to the cisplatin arm
was not eligible for toxicity analysis: no chemotherapy was adminis-
tered because delirium occurred after registration. In the UK trial,**
one patient in each arm did not start treatment, and neither patient
was eligible for toxicity analysis. Finally, the data center of the Swiss
trial®! was not able to retrieve the toxicity information used for origi-
nal publication. However, all the information that was available was
used for this analysis. Overall, 655 of the 663 patients were included in
the toxicity analysis, although information was not available for all
adverse effects (Table 3). Carboplatin-containing chemotherapy is
associated with more myelosuppression, with a significantly higher
incidence of severe neutropenia, anemia, and thrombocytopenia. Pa-
tients treated with cisplatin had significantly more nausea/vomiting,
neurotoxicity, and renal toxicity. Heterogeneity among studies was
found for some adverse effects, probably due to the different drugsand
doses used.

The COCIS meta-analysis of individual patient data shows that
carboplatin-based regimens appear to be equally effective in terms of
08, PES, and ORR compared with cisplatin-based combinations for
the first-line therapy of SCLC, differing only in their toxicity profiles.
Because of the small sample sizes of SCLC trials comparing
carboplatin- with cisplatin-based chemotherapy, the COCIS meta-
analysis allowed us to overcome the problem of reduced statistical
power. The upper CI of the HR for OS (1.27) is higher than the margin
usually considered acceptable for defining noninferiority. However,

1696 © 2012 by American Society of Clinical Oncology

after excluding the Swiss trial,”! the upper CI becomes 1.19, so we can
rule out that risk of death with carboplatin is more than 20% worse
than with cisplatin. These data support the increased use of carbopla-
tin instead of cisplatin as part of standard treatment for SCLC.

A potential limitation of the COCIS meta-analysis is the differ-
ence in treatment schedules among the trials, especially considering
that our results for all outcomes considered are burdened by a statis-
tically significant heterogeneity. Sensitivity analysis suggested that the
primary source of this heterogeneity was the Swiss study,”' the only
one that showed statistically significant superiority of cisplatin, which
is different from the results of all the other trials. When this study was
excluded from the analysis, the test for heterogeneity did not reach
statistical significance. In the Swiss study, however, a great disparity is
apparent between the treatment arms. Patients randomly assigned to
the cisplatin arm received an alternating schedule of seven different
drugs versus patients randomly assigned to carboplatin plus teni-
poside, which appeared substantially weaker. However, the overall
results of the COCIS meta-analysis were not substantially affected
by this trial, because it randomly assigned 59 patients, representing
only 8.9% of all patients included in our meta-analysis. Of the
remaining trials, two®>** compared platinum-based doublets that
differed only for the platinum compound (carboplatin plus etoposide
v cisplatin plus etoposide), although in one study,” the treatment
arms also differed in the platinum companion (gemcitabine v etopo-
side). We recognize that these differences may contribute to the clin-
ical heterogeneity of the meta-analysis. However, clinical heterogeneity
may improve the generalizability of the observed results. In other words,
the consistently similar efficacy between treatments in the three trials
comparing cisplatin- and carboplatin-based doublets and the absence
of statistical heterogeneity in the analysis excluding the Swiss trial
represent relevant evidence for the choice of a platinum compound in
clinical practice.

Another bias could be the role of thoracic radiotherapy in the
group of patients with limited disease. However, the accrual of these
patients was well balanced in both treatment groups. In the two tri-
als**** enrolling patients with limited disease, thoracic radiotherapy
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was administered to a similar proportion of patients in the two treat-
ment groups.

Another possible bias of this meta-analysis is related to the differ-
ent doses of cisplatin and carboplatin used in the eligible trials. Cispla-
tin dose ranged from 60 to 100 mg/m?® given in one dose or
fractionated in 2 to 3 days, and carboplatin dose was based on either
body surface area (at 80 or 300 mg/m?) or on area under the curve 5.
The carboplatin dose (80 mg/m®) used in the Swiss trial was low and
may explain the inferior outcome of the carboplatin arm. The cisplatin
dose investigated in the UK trial (60 mg/m?) was at the inferior limit of
the activity dose to allow the enrollment of patients with poor prog-
nosis. However, to date, no evidence exists of a dose-response effect
associated with platinum agents within the range of the doses used in
these studies, except for the low carboplatin dose used in the Swiss
trial. Therefore, it is unlikely that these minor differences in platinum
doses affected our findings.

As expected from literature and from clinical experience with the
two drugs, the range of toxicity of the two platinum agents was differ-
ent. Carboplatin-based regimens were associated with more cases of
grade 3 to 4 hematologic toxicities. To date, the availability of granu-
locyte colony-stimulating factors and erythropoietins could also im-
prove the control of corresponding hematologic toxicities.”>?®
Cisplatin-based therapies were associated with more nonhematologic
toxicities of any grade. Considering that all eligible trials started ac-
crual during the 1980s and 1990s, it is likely that with the introduction
of newer and more effective antiemetic agents,?’” the incidence of
nausea and vomiting associated with intermediate- to high-dose cis-
platin can be further ameliorated. Grade less than 3 neurotoxicity and
renal toxicity were statistically worse in cisplatin-based chemotherapy.
Despite low or moderate intensity in the majority of patients, this
toxicity could affect the quality of life of many patients.

We did not address the end point of health-related quality of life
because only two trials®>?** included this evaluation. Moreover, the
tools used were different. Overall, in those two trials, there was no
significant difference in quality of life at the different assessment points
that could be attributed to treatment.

Before collecting data from individual studies for the COCIS
meta-analysis, we performed a meta-analysis based on literature
data.®® Individual patient data permit us to draw more definite con-
clusions than in the previous analysis for the reasons given by Piedbois
and Buyse.”” In fact, the general results are substantially similar but, in
contrast to meta-analysis based on abstracted data, the individual
patient data approach of the COCIS meta-analysis allows the investi-
gator to evaluate the reliability of the randomization methods, check
the trial data, repeat the original or perform other analyses, and update
the patients’ outcomes. Furthermore, availability of individual data

allowed subgroup analysis with exploratory intent. No evidence of
significant differences in OS between cisplatin and carboplatin ac-
cording to sex, stage, performance status, or age were apparent. Un-
fortunately, caution is needed to use this information for managing
patients with limited disease because the majority of patients with
limited disease included in this meta-analysis had bulky disease or
poor prognosis. In other words, only a small group of patients had
limited disease, and we think that no definite conclusions should be
drawn in this subgroup of patients.

In our opinion, the question of which platinum compound to
use is a relevant clinical issue, particularly in patients with SCLC who
have a poor prognosis. This is the first and only individual patient data
meta-analysis in which we collected all the available trials that ad-
dressed this issue and all of them have been published as full-length
articles. On the basis of our results, the choice of the platinum com-
pound for first-line treatment of patients with SCLC in clinical prac-
tice should take into account the expected toxicity profile, age, the
patient’s organ function, and the patient’s comorbidities.
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Abstract

Background: Bevacizumab, a humanized antibody to vascular endothelial growth factor (VEGF), shows clinical
activity against human cancer, with its addition to standard chemotherapy having been found to improve outcome
in patients with advanced nonsquamous non-small cell lung cancer (NSCLC). However, there have been no
evidence-based studies to support the continued use of bevacizumab beyond disease progression in such patients
treated with the drug in first-line therapy. We have now designed a randomized phase Il trial to examine the
clinical benefit and safety of continued bevacizumab treatment in patients with advanced nonsquamous NSCLC
whose disease has progressed after first-line treatment with bevacizumab plus a platinum-based doublet.

Methods/Design: WJOG 5910L was designed as a multicenter, open-label, randomized, phase Ii trial by the West
Japan Oncology Group of docetaxel (arm A) versus docetaxel plus bevacizumab (arm B) in patients with recurrent
or metatstatic nonsquamous NSCLC whose disease has progressed after first-line treatment with bevacizumab plus
a platinum-based doublet. Patients in arm A will receive docetaxel at 60 mg/m? and those in arm B will receive
docetaxel at 60 mg/m? plus bevacizumab at 15 mg/kg, with each drug administered on day 1 every 21 days until
progression or unacceptable toxicity. The primary endpoint of the study is progression-free survival, with secondary
endpoints including response rate, overall survival, and safety, for patients treated in either arm.

Trial registration: UMIN (University Hospital Medical Information Network in Japan) 000004715

Keywords: Bevacizumab, Beyond disease progression, Non-small cell lung cancer

Background

Lung cancer is the most common cause of cancer-
related death worldwide, with non—small cell lung can-
cer (NSCLC) accounting for ~75% of all lung cancer
cases [1]. Platinum-based chemotherapy regimens are
the standard first-line treatment for individuals with
advanced NSCLC, but the efficacy of such regimens has
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reached a plateau [2]. Both experimental and clinical
studies have identified many molecules that contribute
to the various biological behaviors of malignant tumors
including NSCLC.

Vascular endothelial growth factor (VEGF), an endo-
thelial cell-specific mitogen, is the major regulator of
angiogenesis in normal and malignant tissue [3,4].
Increased expression of VEGF has been detected in most
types of tumor in humans, including NSCLC, and, in
many instances, it is associated with increased risk of re-
currence, metastasis, or death [5-8]. Preclinical studies

© 2012 Takeda et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (httpy//creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
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have shown that a murine monoclonal antibody specific
for VEGF inhibits the growth of human tumor xeno-
grafts when administered alone or together with chemo-
therapy [9-11]. A humanized variant of this antibody,
bevacizumab, has shown clinical activity against human
cancer, with its addition to standard chemotherapy
having been found to improve outcome in the treat-
ment of individuals with metastatic colorectal cancer
(mCRC) [12].

Randomized phase III trials have evaluated the
addition of bevacizumab to cytotoxic chemotherapy in
chemonaive patients with advanced NSCLC. ECOG
4599 was the first of these trials and established the
combination of bevacizumab and cytotoxic chemother-
apy as a new standard of care for eligible patients [13].
This trial randomized 878 patients with NSCLC of stage
IIb or IV to chemotherapy alone (carboplatin and pacli-
taxel) or the same chemotherapy regimen with bevacizu-
mab. Individuals with squamous cell carcinoma, brain
metastases, or hemoptysis and those receiving anticoa-
gulation therapy were excluded. Median overall survival
(OS) increased from 10.3 to 12.3 months as a result of
the addition of bevacizumab (hazard ratio [HR], 0.79;
P<0.001), and median progression-free survival (PES)
increased from 4.5 to 6.2 months (HR, 0.66; P<0.001).
Toxicities that showed statistically significant but min-
imal increases in frequency associated with the addition
of bevacizumab included hypertension (6.0 versus 0.7%),
hemoptysis (1.9 versus 0.2%), and epistaxis (0.7 versus
0.2%) of grade 23 as well as neutropenia of grade 4 (25.5
versus 16.8%) and febrile neutropenia (5.2 versus 2.0%).
The AVAIL trial randomized patients to receive cisplatin
and gemcitabine alone or together with bevacizumab at
a dose of either 7.5 or 15 mg/kg [14]. Although OS was
originally selected as the primary endpoint, this was
changed to PFS during accrual. Like ECOG 4599, the ex-
clusion criteria of AVAIL were broad: a squamous tumor
histology, mixed adenosquamous histology if predomin-
antly squamous, hemoptysis greater than one-half tea-
spoon of bright red blood per event, tumor-invading or
abutting major blood vessels, brain metastases or spinal
cord compression, uncontrolled hypertension, throm-
botic or hemorrhagic disorders in the prior 6 months,
and therapeutic anticoagulation within 10 days of the
first dose. The median PFS was improved in both the
7.5 mg/kg group (6.7 months; HR, 0.75; P=0.003) and
15 mg/kg group (6.5 months; HR, 0.82; P =0.03) as com-
pared with the chemotherapy-alone arm (6.1 months).
OS was not significantly improved by the addition of
bevacizumab in this study.

On the basis of these results, bevacizumab plus cyto-
toxic chemotherapy has become a standard of care for
first-line therapy in a subgroup of patients with advanced
NSCLC. However, there are no evidence-based studies to
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support the use of bevacizumab beyond disease progres-
sion in NSCLC patients receiving the antibody as first-
line therapy. Preclinical studies have shown that VEGF is
expressed throughout the life cycle of a tumor [15,16],
and that VEGF inhibition results in marked antitumor
effects when the inhibitor is administered throughout
tumor development. Rapid tumor revascularization has
also been shown to occur after removal of anti-VEGF
therapy, suggesting that vascular regrowth may be a nor-
mal physiological response to the removal of VEGF in-
hibition [17,18]. Sustained VEGF inhibition has thus
been shown to achieve and maintain tumor regression.
Insight into the effect of treatment with bevacizumab be-
yond disease progression has been provided by the non-
randomized, prospective bevacizumab treatment registry
known as the BRIiTE Study for mCRC [19]. In this pro-
spective study, the impact of treatment with bevacizumab
beyond first progression was examined. A total of 1445
patients manifested disease progression and received ei-
ther further treatment with bevacizumab (1 = 642, 44%),
treatment other than bevacizumab (n =531, 37%), or no
treatment (n =253, 18%) after progression. Despite hav-
ing a patient population more representative of general
CRC patients, the group that continued bevacizumab be-
yond first tumor progression showed a median OS of
31.8 months (n=642), compared with a median OS of
19.9 months for those patients who received treatment
other than bevacizumab (7 =531), a value similar to that
reported in previous randomized studies. On the basis of
these findings, the prospective European AIO 0504 trial
was undertaken and is currently under way for examin-
ation of the effect of the addition of bevacizumab to
fluoropyrimidine-based chemotherapy in patients with
mCRC who show disease progression while receiving
first-line standard chemotherapy plus bevacizumab.

With this background, the current randomized trial
(University Hospital Medical Information Network in
Japan [UMIN] 000004715) was designed to evaluate
whether the addition of bevacizumab to docetaxel alone
(the standard second-line treatment for NSCLC) might
improve PFS when administered as second-line treat-
ment in NSCLC patients who have progressed after
first-line treatment with bevacizumab plus a platinum-
based doublet.

Methods/Design

Study design

This open-label, randomized, phase II study of the
West Japan Oncology Group (WJOG 5910L) was
designed to evaluate the addition of bevacizumab to
standard therapy with docetaxel. The primary endpoint
of the study is PFS, with secondary endpoints
including response rate, OS, and safety, for patients
treated with either docetaxel alone or docetaxel plus
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bevacizumab. The study has been approved by the in-
stitutional ethics committee of each participating
institution.

Eligibility criteria

Study entry is limited to patients aged 220 years
with histologically or cytologically confirmed non-
squamous NSCLC that is either recurrent or meta-
static, with documented disease progression after
first-line treatment with bevacizumab plus platinum-
based doublet chemotherapy, and with an Eastern
Cooperative Oncology Group (ECOG) performance
status of 0 to 2. A patient who has received pre- or
postoperative chemotherapy is eligible if the last ad-
ministration of the prior adjuvant regimen occurred
at least 12 months before the onset of platinum-
based chemotherapy plus bevacizumab. A patient
with a history of treatment with epidermal growth
factor receptor (EGFR) tyrosine kinase inhibitors
(gefitinib or erlotinib) before platinum-based chemo-
therapy plus bevacizumab is also eligible if he or she
harbors an EGFR mutation. Adequate bone marrow,
renal, and liver function is required. A lesion not
previously irradiated that is measurable according to
the Response Evaluation Criteria in Solid Tumors
(RECIST) version 1.1 is required for evaluation of
response. All patients must sign informed consent
forms approved by the relevant institutional review
board.

Exclusion criteria include: prior treatment with doce-
taxel; active or recent history of hemoptysis (at least
one-half teaspoon of bright red blood per event); cen-
tral nervous system metastases; active thrombosis or
embolism; serious infection; serious uncontrolled med-
ical conditions including heart disease, diabetes, or
hypertension; uncontrolled effusion (pleural, peritoneal,
or pericardial effusion requiring drainage for symptom
management); major surgery within 4 weeks prior to
registration; minor surgical procedures, radiation ther-
apy, or transfusion within the previous 14 days; evi-
dence of interstitial pneumonitis or pulmonary fibrosis
on the baseline chest x-ray; pregnancy or lactation;
and a history of cancer within the previous 5 years.
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Patient registration

After eligibility criteria are confirmed and informed con-
sent obtained, eligible patients are registered and the
planned treatment is initiated by investigators. The ac-
crual began in February 2011 and is to continue for
2 years.

Treatment plan

In this multicenter phase II trial, patients are randomly
assigned on a 1:1 basis to docetaxel or docetaxel plus
bevacizumab (Figure 1). The study focuses on the out-
come of a second bevacizumab-based line of treatment,
seeking clinical predictors that might help identify
patients likely to benefit from bevacizumab therapy be-
yond progression (Figure 2). Stratification factors were
thus chosen on the basis of the hypotheses that patients
who show progressive disease during first-line therapy
are unlikely to benefit from second-line therapy and that
bevacizumab as a maintenance therapy after treatment
with bevacizumab plus a platinum-based doublet until
disease progression may augment the efficacy of chemo-
therapy in second-line treatment. Random assignment
was stratified by (i) baseline ECOG performance status
(0 or 1 versus 2), (i) history of treatment with EGFR
tyrosine kinase inhibitors (gefitinib or erlotinib versus
neither), (iii) duration of treatment with bevacizumab
plus a platinum-based doublet (<6 versus 26 weeks), and
(iv) time to disease progression after the last bevacizu-
mab administration of the first-line treatment (<3 versus
>3 weeks). Patients treated in arm A will receive doce-
taxel (60 mg/m?) and those in arm B will receive doce-
taxel (60 mg/m?) plus bevacizumab (15 mg/kg) on day 1
every 21 days until progression or unacceptable toxicity.
Patients in arm B are allowed to receive docetaxel alone
as a result of bevacizumab-related toxicity, but they are
not allowed to receive bevacizumab alone. A computed
tomography (CT) or magnetic resonance imaging (MRI)
scan of the brain, CT scans of the chest and abdomen,
bone scan or positron emission tomography (PET) scan,
and an electrocardiogram are required before onset of
the study treatment. Patients undergo tumor assessment
at baseline, every 4 weeks during the first 12 weeks, and
every 6 weeks thereafter. Adverse events are recorded

Figure 1 WJOG 5910L treatment design. PD, progressive disease.
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broken black arrows indicate discontinuation before PD.

Figure 2 Disease course patterns for first-line chemotherapy. Red arrows indicate discontinuation of first-line treatment because of PD;

based on the National Cancer Institute Common Tox-
icity Criteria (version 4.0).

Statistical considerations

The primary and secondary efficacy endpoint analysis
will be performed with the intent-to-treat population.
The emphasis of the efficacy analysis will be on estimat-
ing the size of the difference in treatment effect between
arm A and arm B. The sample size was calculated on
the basis of hypothesis testing in terms of PFS, which
was defined as the time from registration until disease
progression or death, whichever occurs earlier. Patients
who have not experienced progression or death by the
end of follow-up for the study will be censored on the
date of the last tumor assessment. The trial is based on
a randomized phase II screening design as described
previously [20]. A previous randomized phase II study
evaluated the efficacy of chemotherapy with or without
bevacizumab in patients with advanced nonsquamous
NSCLC who were treated with first-line chemotherapy
without bevacizumab. The primary endpoint of PFS
tended to be longer with chemotherapy plus bevacizu-
mab than for chemotherapy alone (HR, 0.66; 95% confi-
dence interval, 0.38 to 1.16) [21]. Accordingly, the
present trial is designed as a one-sided test to detect a
>30% reduction in the HR associated with PFS favoring
the experimental arm with a type I error (alpha) rate of
0.20. The median PFS for docetaxel alone is estimated to
be 2.0 months based on the results of previous phase III
trials. According to these parameters, a total of 90 or
more events (total from both arms combined) is
required to achieve a statistical power of >80%. Taking
into account patients who prove to be ineligible or who
are lost to follow-up, the sample size is planned as 100
patients.

Conclusion

The WJOG 5910L trial is designed to examine the clin-
ical benefit and safety of continued bevacizumab treat-
ment beyond first disease progression in patients with
advanced nonsquamous NSCLC whose disease has pro-
gressed after first-line treatment with bevacizumab plus

a platinum-based doublet. The information obtained by
the study may prompt early completion of the planned
patient accrual.
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Abstract _

Background 1t is often difficult to diagnose large cell
neuroendocrine carcinomas (LCNEC) of the lung using
small biopsy specimens. Some recent studies attempted to
diagnose LCNEC using biopsy specimens; in 2011, the
International Association for the Study of Lung Cancer
pathological panels suggested possible LCNEC as a diag-
nosis for LCNEC by using biopsy specimens. Here, we
compared the chemotherapeutic efficacy in possible
LCNEC and LCNEC diagnosed using surgically resected
specimens.

Methods We retrospectively reviewed patients who
received platinum-based chemotherapy as first-line che-
motherapy at our institution during September 2002—
September 2011. Further, we compared the clinical
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characteristics, chemotherapeutic responses, and survival
outcomes of patients diagnosed as having “LCNEC defi-
nite” with those diagnosed as having “possible LCNEC.”
Results We selected 34 patients of whom 10 were diag-
nosed with LCNEC using surgically resected specimens
and 24 patients with possible LCNEC were diagnosed
using small biopsy specimens. In both groups, almost all
patients were men and were smokers. Small-cell carci-
noma-based chemotherapy, such as platinum plus irino-
tecan or platinum plus etoposide, was used for treating
60 % LCNEC patients (6/10) and 67 % possible LCNEC
patients. In the LCNEC and possible LCNEC groups,
respectively, the response rate was 70 and 54 % (p = 0.39),
median progression-free survival was 2.9 and 4.4 months
(p = 0.20), and median survival time was 12.8 and 9.1
months (p = 0.50).

Conclusion No statistically significant differences were
found in chemotherapeutic responses and survival out-
comes between the 2 groups, which suggests that chemo-
therapeutic efficacy is similar in both possible LCNEC and
LCNEC.

Keywords LCNEC - Possible LCNEC - Small cell
carcinoma - Chemotherapy - Biopsy

Introduction

In the 2004 edition of the World Health Organization
(WHO) classification, large cell neuroendocrine carcinoma
(LCNEC) of the lung was defined using detailed criteria for
each subtype of neuroendocrine tumor; LCNEC was sub-
categorized as a variant of large cell carcinoma. The his-
tological findings of LCNEC are large tumor cells with a
low nuclear/cytoplasm ratio, prominent nucleoli, a high

@ Springer



Int J Clin Oncol

mitotic rate (11 or more mitotic figures in 10 high-power
fields), a high degree of necrosis, and neuroendocrine (NE)
morphologic features, such as rosette formation, organoid
nesting, and palisading. Immunohistochemical positive
staining for at least 1 NE marker, such as neural cell
adhesion molecule (NCAM), chromogranin A, and syn-
aptophysin, is also required [1].

LCNEC is a rare tumor accounting for approximately
3 % of all resected pulmonary malignancies [2—4]. Most
previous reports have found that LCNEC predicted poorer
survival than expected for stage-matched non-small-cell
lung carcinoma (NSCLC) [2-4]. The malignant behavior
and poor prognosis of LCNEC have been reported to be
similar to those of small-cell lung carcinoma (SCLC)
[5, 6]. However, these reports were limited to surgically
resected specimens, because it is difficult to fully meet the
histological criteria required to diagnose LCNEC using
small biopsy specimens. One of the serious problems with
LCNEC is that there are few studies evaluating the clinical
features and prognosis of advanced cases, since diagnosis
of advanced LCNEC using a small specimen is often dif-
ficult. There is no established therapeutic strategy for
LCNEC, particularly for advanced cases.

Recently, Igawa et al. [7] attempted to diagnose
advanced LCNEC using biopsy specimens, and reported
that the pathological findings of LCNEC on biopsy speci-
mens were defined NSCLC with some NE morphology and
1 or more positive NE markers with a high Ki-67/MIB 1
labeling index. Shimada et al. [8] also reported similar
results. In 2011, Travis and colleagues suggested use of the
term “possible LCNEC” for NSCLC with NE morphology
and positive NE markers (NCAM, chromogranin A, and/or
synaptophysin), excluding definite adenocarcinoma and
squamous cell carcinoma, in a small biopsy specimen [9].
To evaluate the diagnosis of possible LCNEC, we com-
pared the efficacy of chemotherapy in LCNEC and possible
LCNEC in this study.

Patients and methods
Patients

From September 2002 to September 2011, we selected
patients consecutively whose pathological diagnoses were
LCNEC or possible LCNEC who received platinum-based
chemotherapy as first-line chemotherapy from patient
records at Shizuoka Cancer Center. We excluded patients
who received concurrent chemo-radiotherapy. LCNEC and
possible LCNEC were diagnosed using either primary or
metastatic lesions. The sampling method was not defined,
i.e., whether it was by biopsy or surgery. LCNEC was
diagnosed according to the 2004 WHO criteria, using
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samples obtained by surgically resection. The diagnosis of
possible LCNEC was made when LCNEC was highly
suspected, but it was difficult to fulfill the conventional
WHO criteria. All cases had confirmed positivity of 1 or
more immunohistochemical NE markers (NCAM, chro-
mogranin A, and synaptophysin) and showed a high MIB 1
labeling index (more than 40 %).

Evaluation

Chemotherapeutic response was accessed according to the
Response Evaluation Criteria in Solid Tumors (RECIST):
Revised RECIST guideline (version 1.1) [10]. To define
disease progression or relapse, patients were evaluated by
physical examination, chest radiography, and computed
tomography (CT) of the chest and abdomen. In some
patients, we used positron emission tomography (PET)-
CT, magnetic resonance imaging (MRI), or bone scintig-
raphy to detect the extent of disease progression. Their
clinical disease staging was reassessed according to the
latest Union for International Cancer Control (UICC)
staging criteria (7th edition) [11].

Progression-free survival (PFS) was scored as an event
of documented disease recurrence or death measured from
the start of first-line chemotherapy to the date of an event
or the last follow-up. Overall survival (OS) was measured
from the start of first-line chemotherapy to the date of death
or the last follow-up.

Statistical analysis

All categorical variables and objective response rates were
analyzed using the chi-squared test or Fisher’s exact test, as
appropriate. Distributions of PFS and OS were estimated
using the Kaplan-Meier method, and the LCNEC and
possible LCNEC groups were compared using the log-rank
test. All p values were 2 sided, and values <0.05 were
considered statistically significant. All analyses were per-
formed using JMP 9 software (SAS Institute, Cary, NC,
USA). This study was approved by the institutional review
board.

Results

A total of 34 patients were eligible for this retrospective
study, including 10 LCNEC patients diagnosed using sur-
gically resected specimens. The resection sites for diag-
nosis of LCNEC were the lung (n = 6), brain metastasis
(n = 3), and bone metastasis (n = 1). All 24 possible
LCNEC patients were diagnosed using small biopsy
specimens, and the biopsy sites were transbronchial biopsy
(n = 18), CT-guided needle biopsy (n =4), surgical



