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Abstract

Introduction—We conducted this analysis to determine whether survival of advanced NSCLC
patients treated with platin-based chemotherapy doublets involving paclitaxel, docetaxel or
gemcitabine was dependent on histological subtypes and treatment regimen.

Methods—We retrospectively analyzed data from E1594, a front-line phase 111 study in which
advanced NSCLC patients were randomized to receive one of four regimens: cisplatin-paclitaxel,
cisplatin-gemcitabine, cisplatin-docetaxel, and carboplatin-paclitaxel. Patients were classified into
four histology groups: squamous cell (SCC), adeno- (AC), large cell (LCC) and others including
not otherwise specified (O/NOS) carcinoma. Logrank test was performed to compare overall
survival (OS) and progression free survival (PFS) distributions according to histology as well as
treatment.

Results—Of 1,139 patients including 716 men and 423 women, AC was the most common
subtype (56.8%), followed by SCC (19.7%), O/NOS (17.0%) and LCC (6.5%). Men were more
likely to have SCC and women were more likely to have AC (p=0.002). Among the four histology
groups, there was no imbalance in regard to race, performance status, weight loss, brain metastasis
or treatment. In each histology group, we found no significant difference in OS and PFS between
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the four chemotherapy regimens. Conversely, in each treatment arm, the survival outcome was
similar between the four histology subtypes.

Conclusions—Our analysis suggests that histology does not predict survival benefit in advanced
NSCLC patients treated with first-line platin-based doublets involving paclitaxel, docetaxel or
gemcitabine.
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INTRODUCTION

Non-small cell lung cancer (NSCLC) accounts for 85% of all lung cancer cases and is the
leading cause of cancer death. It includes several histology subtypes, including squamous
cell carcinoma (SCC), adenocarcinoma (AC), large cell carcinoma (LCC) and other less
common types. Prior to the era of targeted drugs, cytotoxic chemotherapy was the only
treatment option for patients with metastatic disease. Until recently, NSCLC patients were
treated in the same way with same chemotherapy regimens regardless of histology subtypes.
In 2002, the randomized phase |11 study E1594 demonstrated the equivalence in efficacy of
the four platin-based regimens — cisplatin and paclitaxel (CP), cisplatin and gemcitabine
(CG), cisplatin and docetaxel (CD), and carboplatin and paclitaxel (CbP).1 Response, one-
year, two-year and overall survival was similar between the reference arm CP and each of
the three experimental arms. Median survival of the CP arm was 7.8 months in comparison
to 8.1 months (CG), 7.4 months (CD), and 8.1 months (CbP), and no arm was statistically
significantly different from the others. Results of E1594 and other phase 111 studies during
that period?# established platin-doublets involving a third generation cytotoxic drug
(taxane, gemcitabine and vinorelbine) as the standard first-line treatment for advanced
NSCLC.

In the last decade, the emergence of novel targeted drugs - notably the epidermal growth
factor receptor tyrosine kinase inhibitors (EGFR-TKISs) gefitinib and erlotinib, the vascular
endothelial growth factor (VEGF) inhibitor bevacizumab and most recently, the anaplastic
lymphoma kinase (ALK) inhibitor crizotinib have changed the landscape of NSCLC
therapy. Molecular and clinical investigation has demonstrated an association between
tumor genotypes (EGFR mutations and ALK re-arrangement) and certain clinical
phenotypes (adenocarcinoma, never smoking) with benefits from EGFR and ALK
inhibitors. With the anti-angiogenic drug bevacizumab, due to hemorrhagic risks seen in
SCC, it is approved for use with chemotherapy as first-line treatment in patients with non-
squamous histology only.

Recent data with the cytotoxic drug pemetrexed suggested that histology could also
influence outcome in NSCLC patients undergoing chemotherapy. Indeed, a subset analysis
of a phase 111 study comparing cisplatin plus pemetrexed (CPem) with cisplatin plus
gemcitabine showed that non-SCC patients lived longer with the pemetrexed-containing
doublet, while SCC patients did better with the gemcitabine-containing regimen.® Such
clinical data suggested an interaction between histology and chemotherapy in NSCLC.
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Therefore, we performed this retrospective analysis using data of the study E1594 to
determine whether survival of advanced NSCLC patients treated with first-line platin-based
chemotherapy doublets involving paclitaxel, docetaxel or gemcitabine depends on histology
subtypes.

PATIENTS AND METHODS

Patient Population

We analyzed data of 1,139 patients with advanced NSCLC enrolled in the phase Il trial
E1594. The inclusion and exclusion criteria and study treatment plan were previously
described in the original report by Schiller at al.l In short, eligible patients had stage 111B
with malignant pleural or pericardial effusion or stage IV or recurrent NSCLC of all
histology subtypes; no prior chemotherapy; measurable or non-measurable disease; adequate
hematologic, hepatic and renal function; and ECOG performance status 0-2. Patients with
stable brain metastases were allowed. After 66 patients with patients with performance
status 2 were enrolled, the study was amended to include those with ECOG 0-1 only.
Patients were randomly assigned to one of the four platin-based chemotherapy regimens: CP
(reference), CG, CD and CbP. Overall survival was the primary endpoint. As previously
reported, there was no significant difference in clinical outcome between the reference arm
CP and the three experimental arms.

Analytical Method

RESULTS

The primary objective of this retrospective analysis was to determine whether treatment
outcome including overall survival (OS) and progression free survival (PFS) depends on
histology subtypes. Overall survival was defined as the time from randomization to death
from any cause; PFS was defined as the time from randomization to documented disease
progression or death from any cause, whichever occurred first. Patients not experiencing an
event of interest were censored at the last date of follow-up. Differences between histology
and categorical variables were tested for using the chi-square test, and the Kruskal Wallis
test was used for continuous variables. The logrank test was used to test for differences in
event-time distributions. P-values are two-sided and considered significant at the 0.05 level.
No adjustments have been made for multiple comparisons.

Patient Characteristics

Of 1,139 patients, the most common subtype was AC (h = 647; 56.8%), followed by SCC (n
=224; 19.7%), O/NOS (n = 194; 17.0%) and LCC (n = 74; 6.5%). Overall, 80.3% of
patients (n = 915) had non-squamous cell carcinoma. Regarding treatment, there were 287
patients in the CP arm, 280 in CG arm, 286 in CD arm, and 286 in CbP arm. Baseline
demographics and clinical characteristics of the four histological groups are shown in Table
1. There was a significant difference in gender distribution among the four histology groups,
particularly between SCC and AC patients (p = 0.002). Men were accounted for 72.8% of
SCC group, but only 59.0% in AC group. Although AC was still the most common
histology subtype in both sexes, women overall had higher incidence of AC (62.6% vs.
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53.4%) and lower incidence of SCC (14.4% vs. 22.8%) in comparison to men. There was
also a significant difference in stage distribution with higher percentage of wet 111B disease
(15.6%) and less stage IV or recurrent disease (84.4%) in patients with AC in comparison
with other histology groups (p = 0.03). Otherwise, there was no imbalance in regard of race,
performance status, weight loss, brain metastasis or treatment among the four histology
subtypes.

Treatment Outcome

Treatment outcome including median PFS and median OS according to histology is shown
in Table 2. Median OS of patients with SCC, AC, LCC, and O/NOS subtypes was 8.1
months, 8.3 months, 7.4 months and 7.2 months, while PFS was 3.6 months, 3.8 months, 4.2
months and 2.9 months, respectively. Overall, there was no significant difference in median
OS (p = 0.36) or PFS (p = 0.08) among the four histology groups.

When we looked at outcome according to both histology and chemotherapy regimens,
median OS was also similar within each of the four histology groups regardless of treatment
given (Table 3). For example, in SCC patients, OS appeared numerically longer with CG
(9.4 months) and CbP (9.3 months) than with CP (6.9 months) and CD (8.1 months).
However, the difference was not statistically significant with p value of 0.18 (Figure 1A).
There was also no significant difference in overall survival in patients with AC between the
four chemotherapy regimens, with median OS of 9.1 months (CP), 8.1 months (CG), 7.7
months (CD), and 7.6 months (CbP) with p value of 0.39 (Table 3). Survival outcome to the
four doublets was also similar in the combined non-squamous group of AC, LCC and
O/NOS (Figure 1B).

No significant difference in survival was observed within each of the four chemotherapy
arms regardless of histology subtype (Table 3). For instance, in the gemcitabine-containing
arm, median OS of the four histology groups was 9.4 months (SCC), 8.1 months (AC), 9.7
months (LCC) and 7.9 months (O/NOS) with a p value of 0.63.

Median PFS according to histology and treatment is presented in Table 4. As with the case
of OS, we found that in each histology group, PFS was not affected by the choice of
chemotherapy. For example, patients with SCC treated with CP, CG, CD and CbP had a PFS
of 2.6 months, 4.3 months, 3.1 months and 3.7 months, respectively (p = 0.20), while results
in those with AC were 3.7 months, 4.4 months, 3.7 months and 3.5 months (p=0.19)
(Figures 1C and 1D).

PFS was also independent of histological subtype in each of the four chemotherapy arms.
For example, the median PFS in the gemcitabine arm was 4.3 months (SCC), 4.4 months
(AC), 4.5 months (LCC) and 3.4 months (O/NOS) with p value of 0.43.

DISCUSSION

Our retrospective analysis based on data of the phase 111 study E1594 suggested that
histology does not influence survival outcome in advanced NSCLC patients treated with
first-line platin-based chemotherapy doublets involving paclitaxel, docetaxel or gemcitabine.
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There was no significant difference in OS or PFS among the four platin-based doublet
regimens in patients with squamous as well as non-squamous carcinomas.

The interaction between chemotherapy and NSCLC histology has also been retrospectively
examined in other studies. Similar to our findings, analyses from those studies also
suggested that histology does not predict survival outcome in NSCLC patients treated with
platin-based, non-pemetrexed chemotherapy. In a randomized phase 111 study comparing
three platinum-based doublets in 612 patients, there was no difference in median OS among
the three arms of cisplatin and gemcitabine (9.8 months), carboplatin and paclitaxel (9.9
months) and cisplatin and vinorelbine (9.5 months).® In addition, the study showed no
significant treatment-by-histology interaction.” In the randomized phase 111 study Global
Lung Oncology Branch Trial 3 (GLOB3) comparing cisplatin plus vinorelbine with cisplatin
plus docetaxel in 390 patients, the median OS of the vinorelbine arm was similar to that of
docetaxel arm (9.9 months vs. 9.8 months, p = 0.58).8 Furthermore, subset analysis showed
no difference in survival between the two treatment arms in patients with SCC (8.9 months
vs. 9.8 months) and in those with AC (11.7 months vs. 11.6 months) (Table 5). Finally, an
analysis based on Surveillance, Epidemiology and End Results (SEER) database of 2,644
patients with stage I11B/IV NSCLC showed a similar survival, regardless of histology, in
patients treated with cisplatin or carboplatin in combination with either gemcitabine or
taxane (Table 5).9 Median OS of gemcitabine- and taxane-group was 8.2 months vs. 8.6
months respectively in SCC patients, and 8.1 months vs. 8.2 months in non-SCC patients.

On the other hand, emerging data have suggested that histology could be an important factor
in selecting certain chemotherapy drugs such as pemetrexed (Table 5). Subset analysis of a
recent randomized phase 111 study showed that CPem was better than CG in patients with
non-squamous carcinoma with a median survival 11.8 months vs. 10.4 months, (p=0.005),
while CG appeared superior in those with SCC (10.8 months vs. 9.4 months, p=0.05).°
Based on results of this trial, pemetrexed was approved for use with platinum as first-line
therapy in patients with non-squamous NSCLC.

The association between pemetrexed and non-SCC histology in term of clinical benefit was
also observed in maintenance setting. A phase 111 study involving 663 advanced NSCLC
patients who had not progressed on first-line chemotherapy demonstrated that maintenance
therapy with pemetrexed prolonged median OS (13.4 months vs. 10.6 months, p = 0.012)
and PFS (4.3 months vs. 2.6 months, p < 0.0001) in comparison to placebo.10 The
preplanned subset analysis showed that survival benefit from pemetrexed was achieved only
in non-SCC patients with median OS of 15.5 months vs. 10.3 months (p = 0.002), but not in
those with SCC histology. Therefore, maintenance therapy with pemetrexed is approved
only in patients with non-SCC. Presumably, the inferior efficacy of pemetrexed in SCC
patients is due to a difference in thymidylate synthase (TS) expression, the therapeutic target
of this agent, among histology groups. Preclinical studies have shown a higher level of TS
activity,11 TS messenger RNA and protein expression!? in SCC in comparison to non-SCC,
as well as an inverse correlation between TS expression and sensitivity to pemetrexed in
NSCLC models.1314
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Overall, clinical data suggested an inferior clinical outcome to pemetrexed in lung cancer
patients with SCC subtype. On the other hand, our analysis based on E1594 as well as
results from other studies showed that histology does not predict survival of advanced
NSCLC treated with first-line platin-based regimens involving other third generation drugs
such as paclitaxel, docetaxel, gemcitabine and vinorelbine. There are several limitations
with all histology-and-outcome studies, including ours. First, all were unplanned,
retrospective subset analyses. Second, some of histology subsets were small (such as large
cell group) or not specified (NOS group).

CONCLUSIONS

Our analysis suggests that histology does not predict survival benefit in advanced NSCLC
patients treated with first-line platin-based doublets involving paclitaxel, docetaxel or
gemcitabine, and thus should not be used to determine treatment with one of the four
regimens used here.
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Figure 1. E1594: Overall Survival and Progression Free Survival in Squamous and Non-
Squamous Carcinoma Patients According to Treatment Regimens

1A. Overall Survival of Squamous Cell Carcinoma Patients
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1B. Overall Survival of Non-Squamous Carcinoma Patients
1C. Progression Free Survival of Squamous Carcinoma Patients
1D. Progression Free Survival of Non-Squamous Carcinoma Patients
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E1594: Patient Characteristics According to Histology

Table 1

Histology
o Squamous Cell Adenocarcinoma Large Cell %ttri]]%rrs\fvl}ls%t Paﬁéths
Characteristics CarEmoma n =647 Carc_lnoma Specified n=1139
n=224 n=74 n=194

Age (year)

Median 63 61 63 61 61

Range 39-79 25-86 44-78 32-83 25-86
Sex (%)

Male 72.8 59.0 68.9 61.9 62.9

Female 27.2 41.0 31.1 38.1 37.1
Race (%)

White 86.5 85.6 89.2 84.0 85.7

Black 10.4 9.4 5.4 9.3 9.3

Other 31 5.0 54 6.7 4.9
Performance Status (%)

0 31.7 30.9 28.4 29.4 30.6

1 60.7 64.0 66.2 66.0 63.8

2 7.6 5.1 5.4 4.6 55
Brain metastases (%) 10.7 13.6 14.9 8.2 12.2
Weight loss >5% (%) 353 314 40.5 34.0 33.2
Disease Stage (%0)

1B 12.1 15.6 10.8 7.7 13.3

IV/Recurrent 87.9 84.4 89.2 92.3 86.7
Treatment Regimens (%)

Cisplatin-Paclitaxel 26.8 26.3 17.6 22.7 25.2

Cisplatin-Gemcitabine 22.3 255 23.0 24.7 24.6

Cisplatin-Docetaxel 25.0 229 39.2 27.3 251

Carboplatin-Paclitaxel 259 25.3 20.3 25.3 25.1
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Table 2

E1594: Treatment Outcome According to Histology

Histology
. Others/Not
Survival Outcome Squamous Cell -\ oo reinoma =arge Cell  Spe vise
Carcinoma - Carcinoma ified
n=224 n =647 n=74 Specifie
n=194
Progression Free Survival - mo
Median 3.6 3.8 4.2 2.9
95% Confidence Interval 3.0-4.1 3.5-4.2 2.7-5.6 2.6-3.7
Overall Survival - mo
Median 8.1 8.3 7.4 7.2
95% Confidence Interval 7.1-9.5 7.5-9.0 6.1-9.7 6.1-8.6
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Table 3

E1594: Median Overall Survival According to Histology and Chemotherapy Regimens

Histology
. Others/Not
Regimens Squamous Cell ; Large Cell :
Carcinoma Adenoc_agil;woma Carcinoma Otherwise
n =224 n= n=74 Specified
n=194
Cisplatin-Paclitaxel - mo (95% CI) 6.9 (5.3-9.4) 9.1 (7.9-10.9) 6.1 (2.9-00) 6.0 (3.9-9.1)
Cisplatin-Gemcitabine - mo (95% CI) 9.4 (5.7-15.6) 8.1 (6.8-9.8) 9.7 (45-17.1) | 7.9(6.3-11.3)
Cisplatin-Docetaxel - mo (95% CI) 8.1(5.5-11.2) 7.7 (6.5-9.4) 6.8(5.9-11.7) | 8.2(5.6-12.4)
Carboplatin-Paclitaxel - mo (95% CI) 9.3(7.3-12.1) 7.6 (6.6-9.8) 8.3 (3.6-16.7) | 6.9 (4.9-11.6)

Cl, confidence interval
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E1594: Median Progression Free Survival According to Histology and Chemotherapy Regimens

Table 4

Histology
. Others/Not
Regimens Squamous Cell A yonocarcinoma | L8798 Cell - oynorwise
Carcinoma - Carcinoma e

n =224 n =647 n=74 Specified

n=194
Cisplatin-Paclitaxel - mo (95% CI) 2.6 (1.7-4.2) 3.7 (3.1-4.3) 3.5 (1.4-00) 2.8 (1.8-4.0)
Cisplatin-Gemcitabine - mo (95% CI) 4.3 (3.3-6.6) 4.4 (3.8-5.4) 45(2.0-11.5) | 3.4(2.8-5.1)
Cisplatin-Docetaxel - mo (95% CI) 3.1 (2.4-5.0) 3.7 (2.6-4.6) 4.2 (2.9-6.6) | 3.6 (2.7-5.6)
Carboplatin-Paclitaxel - mo (95% CI) 3.7 (3.0-5.0) 35(2.9-4.2) 39(1.9-78) | 2.2(1.7-3.9)

Cl, confidence interval
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Median Overall Survival According to Histology in Studies Involving Pemetrexed- and Non-Pemetrexed

Regimens
Studies Setting Phase n Treatment Regimens Median Overall Survival by Histology (mo)
SCC Non-SCC
Non-Pemetrexed Regimens
. . . 6.9 9.1"
Cisplatin-Paclitaxel 9'4 g1
E1594 - Cisplatin-Gemcitabine ‘ Ty
Schiller 20021 First-line I 1,139 Cisplatin-Docetaxel gé .7
Carboplatin-Paclitaxel ZNS 76°
P p=NS
o ) 8.9 11.7"
GLOB3 " Cisplatin-Vinorelbine
Tan 20098 First-line i 451 Cisplatin-Docetaxel g 116"
p=NS p=NS
al ts 2010° First-line SEER 2644 Cisplatin/Carboplatin-Gemcitabine gg g;
ements Analysis ’ Cisplatin/Carboplatin -Taxane e e
p=NS p=NS
Pemetrexed Regimens
. . 9.4 11.8
. S Cisplatin-Pemetrexed
Scagliotti 2008° First-line i 1,725 senlating PR 10.8 10.4
Cisplatin-Gemcitabine p=0.05 0 =0.005
9.9 155
Ciuleanu 20090 | Maintenance 1 663 Efg:{)ﬁlxed 10.8 10.3
p=NS p =0.002
6.2 9.3
Hanna 20041516 | Second-line I 571 | Pemetrexcd 7.4 8.0
p=0.018 p =0.048

*
Data of patients with adenocarcinoma subtype.

SEER, Surveillance, Epidemiology and End Results; NS, not significant (p<0.05).
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