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Abstract:

OBJECTIVES: The effects of first-line chemotherapy on overall survival (OS) might be confounded by subsequent
therapies in patients with small cell lung cancer (SCLC). We examined whether progression-free survival (PFS),
post-progression survival (PPS), and tumor response could be valid surrogate endpoints for OS after first-line
chemotherapies for patients with extensive SCLC using individual-level data.

METHODS: Between September 2002 and November 2012, we analyzed 49 cases of patients with extensive
SCLC who were treated with cisplatin and irinotecan as first-line chemotherapy. The relationships of PFS, PPS,
and tumor response with OS were analyzed at the individual level.

RESULTS: Spearman rank correlation analysis and linear regression analysis showed that PPS was strongly
correlated with OS (r=0.97, p < 0.05, R2= 0.94), PFS was moderately correlated with OS (r= 0.58, p < 0.05,
R? = 0.24), and tumor shrinkage was weakly correlated with OS (r=0.37, p < 0.05, R?=0.13). The best response
to second-line treatment, and the number of regimens employed after progression beyond first-line chemotherapy
were both significantly associated with PPS (p < 0.05).

CONCLUSION: PPS is a potential surrogate for OS in patients with extensive SCLC. Our findings also suggest
that subsequent treatment after disease progression following first-line chemotherapy may greatly influence OS.
Key words:

Extensive small cell lung cancer, overall survival, post-progression survival, progression-free survival, tumor
response

Indeed, PFS improvements do not necessarily
result in an improved OS, as shown by recent
randomized trials in patients with non-SCLC
(NSCLC).H In recent years, a growing number
of active compounds have become available
as second- or third-line chemotherapy for
breast, ovarian, and colorectal cancers®”!, as
well as advanced NSCLC. However, with
respect to the treatment of SCLC, first-line
chemotherapy is often beneficial for patients with
poor performance status (PS), in contrast with
NSCLC cases, albeit at the risk of serious toxic
effects. SCLC is a distinct clinical and histological
entity within the range of lung cancers. Only a
few drugs are available for its treatment, and
topotecan is currently the only drug approved
for the treatment of relapsed SCLC patients in
the United States.[™1% Second-line treatment is
an option in only a few patients, owing to rapid
disease progression and poor PS.

Lung cancer is one of the leading causes of
cancer-related mortality worldwide. In 2007,
1.3 million people were diagnosed with lung
cancer, 15-20% of whom were found to have small
cell lung cancer (SCLC).I"? Overall survival (OS)
is considered the most reliable endpoint in cancer
studies, and when studies can be conducted
to adequately assess survival, it is usually the
preferred endpoint.”! OS is a precise endpoint, is
easy to measure, and can be documented by the
date of death. Surrogate endpoints such as tumor
response and progression-free survival (PFS)
are also useful endpoints for phase II oncology
clinical trials because they can be measured
earlier and more conveniently. Events for these
surrogate endpoints occur more frequently than
do events for the main endpoints of interest,
which are referred to as the true endpoints.

The effects of first-line chemotherapy on OS
might be confounded by subsequent therapies.
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Although PFS following first-line chemotherapy has not been
validated as a surrogate endpoint for OS, post-progression
survival (PPS) has been shown to be strongly associated with
OS after first-line chemotherapy for advanced NSCLC.[""*
Furthermore, ithas been suggested that OS can be approximated
as the sum of PPS and PFS.P! Very few novel anticancer drugs
have become available for extensive SCLC, and the relationship
between PPS and OS in extensive SCLC remains unclear.

At the level of the individual patient, it is of interest to assess
the effect of therapy administered after disease progression
on survival. The validation of surrogate measures for OS
after first-line therapy in individual patients with advanced
NSCLC has been reported previously." Further, the surrogate
endpoint sometimes does not reflect the primary endpoint.
The significance of PPS in SCLC also remains unclear at the
level of the individual patient. Therefore, it is important to
establish whether PFS, PPS, or tumor response could be valid
surrogate endpoints for OS after first-line therapy in patients
with extensive SCLC using individual-level data.

The first-line treatment of choice in extensive-stage SCLC
remains 4 to 6 cycles of platinum combination chemotherapy.™"
Although many patients initially achieve clinical remission or
disease control with first-line chemotherapy, most subsequently
experience disease progression and eventually die of extensive
SCLC. We examined first-line cisplatin and irinotecan
combination chemotherapy because it is considered the
standard first-line chemotherapy in these cases.!"! Previously, in
a phase 3 study of extensive SCLC, first-line chemotherapy with
irinotecan plus cisplatin was found to be more effective than
etoposide/cisplatin (median survival of 12.8 months versus 9.4
months, p =0.002).1" The MST of patients with extensive SCLC
was approximately 1 year. For extensive SCLC patients, OS is
shorter and options for subsequent chemotherapy are limited.

In the present study, we analyzed the relationships of PFS,
PPS, and tumor response with OS in patients with extensive
SCLC at the individual level. The patients recruited to this
study had only a limited number of options for subsequent-
line chemotherapy. We also explored the prognostic value of
baseline and tumor characteristics for PPS.

Methods

Patients

Between September 2002 and November 2012, 60 patients with
extensive SCLC were treated with cisplatin and irinotecan as
first-line chemotherapy and were enrolled in this study. The
tumor response was not evaluated in 10 cases, and PFS data
were censored in one case. These 11 patients were excluded
from the analyses to maintain uniformity in patient background
characteristics. Thus, data from 49 patients were analyzed. The
study protocol was approved by the Institutional Review Board
of Shizuoka Cancer Center (#.25-]J91-25-1-3).

The patients in this study were treated with cisplatin (60 mg-m=
dayfor 1 day, followed by a pause of 28 days) and irinotecan
(60 mg-m=2day” on days 1, 8, and 15, followed by a pause of 28
days). This cycle was repeated every 28 days for a maximum
of six courses.
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The best overall response and maximum tumor shrinkage were
recorded as tumor responses. Radiographic tumor responses
were evaluated according to the Response Evaluation Criteria In
Solid Tumors,ver. 1.1M: Complete response (CR), disappearance
of all target lesions; partial response (PR), at least a 30% decrease
in the sum of the target lesion diameters with the summed
baseline diameters as a reference; progressive disease (PD), at
least a 20% increase in the sum of the target lesion diameters with
the smallest sum observed during the study serving as reference;
and stable disease (SD), insufficient shrinkage to qualify as PR and
insufficient expansion to qualify as PD. PFS was calculated from
the start of treatment to the date of PD or death from any cause.
OS was recorded from the first day of treatment until death or
was censored on the date of the last follow-up consultation. PPS
was recorded as the time from tumor progression until death or
was censored on the date of the last follow-up consultation. In this
study, we defined treatment-free interval (TFI) as the period from
the date of completion of first-line treatment to the first relapse.
When prophylactic cranial irradiation (PCI) was performed as
first-line treatment, the date of completion was defined as the
last day of these treatments. We defined sensitive relapse as TFI
= 90 days, based on the definition in several previous trials."*"]

Statistical analyses

To examine whether PFS, PPS, or tumor shrinkage was
correlated with OS, we used Spearman rank correlation
analysis and linear regression analysis. In order to identify
possible prognostic factors for PPS, the proportional hazards
model with a stepwise regression procedure was applied.
Hazard ratios (HR) and 95% confidence intervals (CI) were
estimated using this model. Because the HR is defined
for a 1-unit difference, some factors were converted to an
appropriately scaled unit. PPS values were compared using the
log-rank test. A P value of <0.05 was considered significant for
all tests. The two-tailed significance level was also set at 0.05.
All statistical analyses were performed using JMP version 9.0
for Windows (SAS Institute, Cary, NC, USA).

Results

Patient characteristics and treatment efficacy

Of the 49 patients included in the analyses, 43 patients died; the
median follow-up time was 14.0 months (range, 0.7-36.8 months).
The characteristics of the 49 patients (median age, 63 years; range,
43-75 years) included in the present study are shown in Table 1.
Target lesions were not evaluated in one of the cases. One, 38,
5, and 4 patients showed CR, PR, SD, and PD, respectively. The
response rate was 79.6% and the disease control rate was 91.8%.

After progressing past first-line chemotherapy, 5 of the 49
patients did not receive further chemotherapy. The other 44
patients received subsequent chemotherapy after completing
their first-line chemotherapy. Among the 49 patients, the
median number of follow-up therapeutic regimens was 2
(range, 0-5 regimens). The chemotherapy regimens employed,
after progressing past the first-line chemotherapy regimen, are
shown in Table 2. Amrubicin was the most common second-
line chemotherapy agent, and paclitaxel was the most common
third-line chemotherapy agent.

The median PFS and OS were 5.5 months and 13.9 months,
respectively [Figure 1a, 1b].
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Table 1: Baseline patient characteristics

Characteristic

Gender

Male/female 44/5
Median age at treatment (years) 63 (43-75)
Performance Status (PS)

0/1/=2 13/32/4
Histology

Small cell carcinoma/others 49/0
Stage

ns/Iv 0/49
Number of first-line chemotherapy courses

1/2/3/4/5/6 1/4/3/38/2/1

Median (range) 4 (1-6)
Number of regimens after progression
following first-line chemotherapy

0/1/2/3/4/5 5/18/13/8/3/2

Median (range) 2 (0-5)

Median sum of target lesion diameters
[mm] (range)
Prophylactic cranial irradiation

Yes/No 3/46

Relationship between OS and PFS, PPS, and tumor shrinkage
The relationship between OS and PFS, PPS, and tumor
shrinkage is shown in Figure 2a, 2b, and 2¢, respectively. PPS
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Figure 1: (a) Kaplan-Meier plots showing progression-free survival (PFS)
(b) Kaplan-Meier plots showing overall survival (OS)
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* The rvalues represent Spearman's rank correlation coefficient
** The R2 values represent linear regression

Figure 2: (a) Correlation between overall survival (OS) and progression-free
survival (PFS) (b) Correlation between overall survival (OS) and post-progression
survival (PPS) (c) Correlation between overall survival (OS) and tumor shrinkage
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was strongly associated with OS (r = 0.97, p < 0.05, R?= 0.94),
based on Spearman’s rank correlation coefficient and linear
regression, whereas PFS was moderately correlated with OS
(r=0.58, p <0.05, R*=0.24). Furthermore, tumor shrinkage was
only weakly correlated with OS (r = 0.37, p < 0.05, R*= 0.13).

Factors affecting post-progression survival

PPS was strongly associated with OS. Therefore, the association
between PPS and various clinical factors was assessed. In
the univariate analysis [Table 3], PS at the end of first-line
treatment, at the beginning of second-line treatment, and
TFI (=90/<90 days) as well as the best response at first-line
treatment, the best response from the second-line treatment, and
the number of regimens employed after progression beyond
first-line chemotherapy were found to be associated with PPS
(p <0.05). Next, a multivariate analysis for PPS was conducted
[Table 4]. This revealed that the best response after second-
line treatment (non-PD/PD), and the number of regimens
employed after progression following first-line chemotherapy
were significantly associated with PPS (p < 0.05). The log-rank
tests confirmed that PPS was significantly associated with the
best response at second-line treatment (non-PD/PD), and the
number of regimens employed (p < 0.05; Figure 3a and 3b).
Based on the best response at second-line treatment, patients
with non-PD had a median PPS of 13.1 months, which was
longer than that of their counterparts, who had a median PD
of 7.2 months (log-rank, p = 0.05; Figure 3a). According to the
number of regimens employed after progression following
first-line chemotherapy, the median PPS for those who were
not administered additional regimens was 3.5 months; with
1 additional regimen, the median PPS was 5.5 months; and
with =2 regimens, the median PPS was 14.1 months, (log-rank
test, p < 0.01; Figure 3b). These results remained consistent
after adjustment using the Cox proportional hazards models
[Table 4].

Discussion

We examined the relationships of OS with PFS, PPS, and tumor
shrinkage at the individual level in patients with extensive
small cell lung cancer.PPS was strongly associated with OS,
whereas PFS and tumor shrinkage were moderately and
weakly correlated with OS, respectively. In addition, the best
response to second-line treatment (non-PD vs. PD), and the
number of regimens employed after progression following
first-line chemotherapy, independently affected PPS.

Table 2: Chemotherapy regimens employed after
progression following first-line chemotherapy

Second-line >Third-line Total
CDDP+irinotecan 3 1 4
re-challenge
CDDP+VP16 2 1 3
CBDCA+VP16 2 4 6
CBDCA+PTX 0 3 3
Amrubicin 27 10 37
Topotecan 3 4 7
Paclitaxel 3 12 15
Irinotecan 0 2 2
Gemcitabine 3 7 10
Others 1 1 2
64

The validity of surrogate endpoints has been previously
determined through meta-analyses."®! In recent years,

Table 3: Univariate Cox regression analysis of
baseline patient characteristics for post-progression
survival

Factors Post-progression survival
Hazard 95% Cl pvalue
ratio
Gender 1.06 0.42-3.56 0.907
Age (years) at the beginning of first- 097 093102 0.341
line treatment
PS at the beginning of first-line 120  070-2.05 0.490
treatment
Number of courses of first-line 067 046102 0.066
treatment administered
Sum of target lesion diameters 1.00 0.99-1.00 0.102
Best response at first-line treatment
PR/non-PR 0.65 0.31-1.53 0.306
Non-PD/PD 0.22  0.08-0.77 0.021
PS at the end of first-line treatment 445 2.22-9.36 <0.001
Prophylactic cranial irradiation 0.81 0.28-3.39 0.738
Treatment-free interval (290/<90 207 110-486 0.023
days)
Age at the beginning of second-line 096 092101 0.196
treatment
PS at the beginning of second-line 204 126332 0.003
treatment
Best response following second-line
treatment
PR/non-PR 0.82 0.34-1.73 0.627
Non-PD/PD 0.48 0.24-0.92 0.028
Number of regimens after
progression beyond first-line 0.50 0.35-0.70 <0.001
chemotherapy

95% Cl = 95% Confidence interval, PS = Performance status,
PR = Partial response, PD = Progressive disease

Table 4: Multivariate Cox regression analysis of
performance status (PS) at the end of first-line
treatment, PS at the beginning of second-line
treatment, best response at first-line treatment, best
response at second-line treatment, and number of
regimens employed after progression beyond first-line
chemotherapy for post-progression survival

Factors

Post-progression survival
Hazard ratio 95% Cl pvalue

PS at the end of first-line
treatment
PS at the beginning of second-
line treatment
Best response at first-line
treatment

Non-PD/PD 0.50
Best response at second-line
treatment

Non-PD/PD 0.49
Number of regimens employed
after progression beyond first- 0.61
line chemotherapy
95% Cl =95% Confidence interval, PD = Progressive disease

1.81 0.60-6.10  0.29

1.00 0.44-2.10 0.99

0.14-2.34 0.34

0.23-1.00 0.05

0.41-0.86 <0.01
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Figure 3: (a)Kaplan-Meier plots showing post-progression survival (PPS),
according to the best response following second-line treatment Non-
progressive disease (non-PD), median = 13.1 months; progressive disease
(PD), median = 7.1 months. (b) Kaplan-Meier plots showing post-progression
survival (PPS), according to the number of regimens after progression No
further regimen, median = 3.5 months; 1 regimen, median = 5.5 months; 2
regimens, median = 14.1 months

biostatisticians have proposed a wide variety of measures
for validating surrogate endpoints.?*?1 Although PFS is a
potential surrogate endpoint for OS in extensive stage SCLC,
its validity remains controversial. Broglio et al. recently focused
on PPS, which they termed survival post progression (defined
as OS minus PFS), in a hypothetical clinical trial setting under
the assumption that treatment affected PFS but not PPS.F!
Recently, PPS was found to be strongly associated with OS
after first-line chemotherapy for advanced NSCLC in a clinical
trial™ ', and we have previously reported the significance of
PPS for advanced NSCLC based on an analysis of individual
patients.l'¥

In contrast with the findings of a previous study'®, we did
not observe that PFS was a surrogate endpoint for OS in
extensive stage SCLC, although PPS was not evaluated in the
previous study. We analyzed our results pertaining to first-line
therapy, which suggested that PFS and tumor response did not
adequately reflect OS in such settings. We found that PFS was
much shorter than PPS, and thus, PPS was closely related to
OS — the relationship was linear. The fact that PPS accounted
for the majority of OS suggests that the chemotherapy used was

Annals of Thoracic Medicine - Vol 10, Issue 1, January-March 2015

not sufficiently effective for PFS to be a significant component
of OS. Thus, in clinical trials with patients expected to have a
short PFS after first-line chemotherapy, for example those with
extensive SCLC, as was the case in our study, factors that affect
PPS need to be considered.

Based on trial-level data for advanced NSCLC, a long PPS is
associated with a good PS and the use of first-line monotherapy
with a molecular targeted agent."" Studies based on individual
advanced NSCLC patients revealed that a long PPS was
associated with the PS at the beginning of second-line treatment,
the best response after second-line treatment (non-PD/PD), and
the number of regimens employed after disease progression
following first-line chemotherapy.'™ To date, however, no
predictive factors for PPS in cases of extensive SCLC have been
identified. We studied the prognostic value of baseline factors
for PPS in individual patients. We found that the best response
after second-line treatment, and the number of regimens
employed after progression following first-line chemotherapy
were strongly associated with PPS. Moreover, we confirmed
the significance of these relationships using log-rank tests.
Our findings suggest that patients for whom the disease has
been controlled with second-line treatment achieve prolonged
PPS after progression following first-line chemotherapy. These
patients are also likely to be able to continue chemotherapy
and achieve prolonged PPS, which is associated with a longer
OS. The number of treatment regimens used after progression
following first-line chemotherapy probably reflects the
increasing number of available drugs, such as amrubicin,
paclitaxel, and topotecan, which are available as second- or
third-line chemotherapy for extensive SCLC. In fact, a number
of different agents were used to treat our patients, as shown
in Table 2.

This study has several limitations. First, the sample size
was small. However, because relatively few extensive SCLC
patients are treated with first-line cisplatin and irinotecan
at our institution, this limitation is difficult to overcome,
especially as the patients needed to have similar background
characteristics. Nevertheless, our institution treats the relatively
largest number of such cases, and the practice policy is largely
unified simply because this is a single institution. There is of
course some bias, but understanding the nature of this bias
ensures that the results are still meaningful. In a future study,
we will include a larger patient cohort, and more detailed
examination is warranted. Second, we could not thoroughly
evaluate treatments after progression following second-line
chemotherapy, although only a few patients received third-line
or subsequent chemotherapy. Third, the date on which a
response was recorded was decided by each physician, which
might have introduced variance in the PFS and tumor response
rate. Fourth, chemotherapy regimens differ between Japan and
the USA. In Japan, based on the results of a Japanese phase
III trial™, standard first-line chemotherapy for extensive
SCLC currently is cisplatin combined with irinotecan. This
combination is also described in the National Comprehensive
Cancer Network guidelines as a suitable treatment option.
Amrubicin is an effective second-line chemotherapy drug in
a number of cancers including SCLC. In a phase III trial, it
resulted in a significantly improved response rate compared
to topotecan and also improved survival, especially in the
subgroup of refractory patients.”” On the basis of this trial,
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amrubicin is now the standard second-line chemotherapy agent
for extensive SCLC in Japan.

In conclusion, using individual patient data, PFS and tumor
response were not found to be ideal surrogates for OS in
patients with extensive SCLC who had limited options for
subsequent chemotherapy. However, in these patients, PPS,
rather than PFS, was strongly associated with OS. In addition,
the best response after second-line treatment (non-PD/PD), and
the number of regimens employed after disease progression
following first-line chemotherapy were prognostic factors for
PPS. Thus, the treatment course after progression following
first-line chemotherapy greatly influences OS. We believe these
findings justify further study to validate PPS as a surrogate
marker of OS in patients with extensive SCLC.
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