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Purpose Lung cancer is the most common cause of cancer mortality in the world. There are limited studies
on survival outcomes of lung cancer in developing countries such as India. This study analyzed the
outcomes of patients with lung cancer who underwent treatment at Cancer Institute (WIA), Chennai, India,
hetween 2006 and 2015 to determine survival outcomes and identify prognostic factors.

Patients and Methods Inall, 678 patients with lung cancer underwent treatment. Median age was 58 years,
and 91% of patients had non-small-cell lung cancer (NSCLC). Testing for epidermal growth factor receptor
mutation was performed in 132 of 347 patients and 61 (46%) were positive.

Results Median progression-free survival was 6.9 months and overall survival (0S) was 7.6 months for
patients with NSCLC. Median progression-free survival was 6 months and 0S was 7.2 months for patients
with small-cell lung cancer. On multivariable analysis, the factors found to be significantly associated with
inferior 0S inNSCLC included nonadenocarcinoma histology, performance status more than 2, and stage. In
small-cell lung cancer, younger age and earlier stage at presentation showed significantly better survival.

Conclusion Our study highlights the challenges faced in treating lung cancer in India. Although median
survival in advanced-stage lung cancer is still poor, strategies such as personalized medicine and use of
second-line and maintenance chemotherapy may significantly improve the survival in patients with
advanced-stage lung cancer in developing countries.

J Glob Oncol 3. © 2017 by American Society of Clinical Oncology Licensed under the Creative Commons Attribution 4.0 License

INTRODUCTION

Lung cancer is one of the most common causes of
cancer-related deaths worldwide. In India, lung can-
ceraccounts for 9.3% of all cancer-related deaths in
both sexes. There are few studies on survival out-
comes of lung cancer in India. This study analyzed
outcomes in patients with lung cancer treated at our
center and identified prognostic factors.

and immunohistochemistry were performed to
classify non-small-cell lung cancer (NSCLC)
and small-cell lung cancer (SCLC). NSCLC was
further categorized as adenocarcinoma, squa-
mous cell carcinoma, or poorly differentiated car-
cinoma. Molecular testing for epidermal growth
factor receptor (EGFR) mutation was begun in our
center in 2012, and testing for anaplastic lym-
phoma kinase (ALK) translocation was begun in
2014. EGFR mutation analysis was performed by
using reverse transcriptase polymerase chain
reaction, and ALK translocation analysis was per-
formed by immunohistochemistry using an anti-
ALK rabbitmonoclonal antibody (Ventana Medical
Systems, Tucson, AZ).> Molecular testing was
performed only in patients who had adequate
tissue material for analysis. For staging, patients
underwent contrast-enhanced computed tomog-
raphy (CT) scanning of the chest, ultrasound
scan of the abdomen and pelvis, and bone scan
or whole-body positron emission tomography
(PET)/CT scanning. In addition, patients with
SCLC underwent bone marrow trephine biopsy.

PATIENTS AND METHODS

Clinical and treatment details of all consecutive
patients with lung cancer who underwent treat-
ment at our center between January 2006 and
June 2015 were collected and analyzed retrospec-
tively. The study was approved by the Institute
Ethics Committee. Never-smokers were defined
as those who had smoked fewer than 100 ciga-
rettes during their lifetime; ever smokers were
defined as those who had smoked 100 cigarettes
or more during their lifetime.? Diagnosis was
established by core needle biopsy or fine-needle
aspiration cytology. Histopathologic examination
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Treatment was based on physician discretion and
patientchoice. Responses were assessed by using
chest x-ray, contrast-enhanced CT, or PET/CT
after four cycles of intravenous chemotherapy.
Assessments were performed at the physician’s
discretion between 3 and 6 months after the start
of tyrosine kinase inhibitors (TKIs) and repeated
again at the same intervals. Radiologic assess-
ment was also performed if the patient had signs
and symptoms of disease progression at any time
during follow-up. Response Evaluation Criteria in
Solid Tumors (RECIST) was used for assessment
of response.* Patients who were started on treat-
ment and were followed up for at least one visit or
those whose outcome was known were included in
the survival analysis. Patients who were started on
treatment and died before response assessment
were also included. Patients who did not complete
the first follow-up visit and those whose survival
status was not known were not included.

Progression-free survival (PFS) was calculated
from date of initiation of treatment to date of
disease progression or relapse. Overall survival
(0OS) was calculated from date of initiation of
treatment to date of last follow-up or date of death.
For survival analysis, all patients were censored at
date of last follow-up or date of contact by tele-
phone or mail if they were lost to follow-up or on
December 31, 2015, whichever was earlier. PFS
and OS were analyzed by the Kaplan-Meier
method, and risk factors were compared by using
the log-rank test for univariable analysis and a Cox
proportional hazards model for multivariable anal-
ysis. SPSS version 17.0 (SPSS, Chicago, IL) was
used for statistical analysis.

RESULTS

During the study period, 1,039 patients were
registered in the hospital with a diagnosis of lung
cancer. Records were available for 1,006 patients.
Of these, 866 patients had histologically proven
lung cancer. One hundred twenty-six of 866 pa-
tients did not receive any treatment because of
either poor performance status (PS) or patient
preference. Sixty-two patients began treatment
but had no follow-up details and thus were ex-
cluded from the survival analysis. A total of 678
patients underwent treatment for lung cancer and
had at least one follow-up visit; they were included
in the outcome analysis.

Baseline Characteristics

The median age was 58 years (range, 20 to 83
years). Males constituted 516 (76%) of 678 pa-
tients. Cough was the most common presenting
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complaint seen in 302 (44.5%) of 678 patients.
Lung cancer was incidentally detected in nine
(1.3%) of 678 patients (Table 1). History of smok-
ing was present in 362 (53.4%) of 678 patients,
and the median number of pack-years was 20
(range, 3 to 80 pack-years). Thirty (4.5%) of 678
patients had a previous history of tuberculosis. The
majority of the patients had a PS of 1 or 2.

Diagnosis and Pathology

Diagnosis of lung cancer was confirmed by using
excision or guided core needle biopsy in 497
(74%) of 678 patients or by using fine-needle
aspiration cytology in 181 (26%) of 678 patients.
NSCLC was diagnosed in 616 (91%) of 678 pa-
tients and SCLC was diagnosed in 62 (9%) of 678
patients. The most common histologic subtype
among patients with NSCLC was adenocarci-
noma, which was recorded in 347 (56.3%) of
616 patients followed by squamous cell carci-
noma in 109 (17.7%) of 616 patients. A total of
132 samples were tested for EGFR mutation, of
which 61 (46.2%) were positive. Exon 19 was the
most common type of EGFR mutation and was
observed in 20 (33%) of 61 patients. Exact type of
EGFR mutation was not known in 19 patients.
Testing for ALK mutation was performed in 32
patients with adenocarcinoma of whom two
(6.25%) were found to be positive.

Staging and Treatment

NSCLC.NSCLC was diagnosed in616 (91%) of 678
patients. The majority of patients presented with
disseminated disease: 411 (67%) of 616 were stage
IV, and the most common site of metastasis was
bone in 126 (31%) of 411. Ninety-seven patients
(23.2%) had more than one site of metastasis.

Thirty-six patients were either stage | or Il at pre-
sentation. Of these, two patients received oral
gefitinib empirically because they were not eligible
for surgery or radiotherapy. Of the remaining 34
patients, 19 underwent only surgical resection,
nine received adjuvant chemotherapy after surgi-
cal resection, two received neoadjuvant chemo-
therapy followed by surgery, and four received
definitive radiotherapy only. Among 169 patients
with stage Ill disease, 12 (7%) of 169 received oral
TKls, and two (1%) of 169 underwent surgery
followed by adjuvant chemotherapy. Thirty-six
(21%) of 169 patients received concurrent che-
motherapy and radiotherapy, and 39 (23%) of 169
received chemotherapy followed by sequential
radiotherapy. The remaining 80 patients received
either intravenous or oral chemotherapy only.
Among 411 patients with stage IV disease, 169
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Table 1. Baseline Characteristics Table 1.Baseline Characteristics (Continued)

Characteristic No. % Characteristic No. %
Sex (n =678) Site of metastasis at presentation for patients
Male 516 76 with NSCLC or SCLC (n = 447)
Female 162 24 Adrenal 16 35
Age, years (n = 678) Contralateral lung 79 17.6
< 60 412 60.7 Pleural effusion 74 16.5
> 60 266 39.3 Bone 141 315
Smoking/tobacco use (n = 678) Liver 15 33
Yes 362 53.4 Brain 16 35
No 316 46.6 Multiple sites 104 232
Alcohol use (n = 678) Other 5 09
Yes 248 36.5 Abbreviations: ECOG, Eastern Cooperative Oncology Group; EGFR
No 430 635 epidermal growth factor receptor; NSCLC, non—-small-cell lung

cancer; PS, performance status; SCLC, small-cell lung cancer.
History of tuberculosis (n = 678)

Yes 30 45

No 648 955  (41%) of 411 received intravenous chemother-
apy, and 179 (43.5%) of 411 received oral EGFR
TKls such as gefitinib or erlotinib as first-line

Histology (n = 678)

Adenocarcinoma 347 511 therapy. Sixty-one patients received only oral eto-
Squamous cell carcinoma 109 16 poside because they were deemed ineligible for
Poorly differentiated NSCLC 160 23.5 intravenous chemotherapy, and two received only
Small-cell carcinoma 62 94 radiotherapy for the same reason. Among patients
it fesiad o SR L it 132 with metastatic disease who received intravenoqs
= chemotherapy, 70 (42%) of 169 received gemci-
Positive Gl G2 tabine and platinum doublet. Fifty-eight (35%) of
Negative 71 538 169 patients received pemetrexed and platinum
Site of EGFR mutation (n = 61) doublet, which was used mostly after 2012 when
Exon 19 del 20 32.8 generic medications became available. Twenty-
Exon 21 (L858R) 18 295 six patients received maintenance pemetrexed
chemotherapy after completing four or six cycles
Exon 18 4 65 -
of initial chemotherapy.
Site not known 19 31.2
ECOG PS (n = 678) SCLC. Sixty-two patients (9%) were diagnosed with
1 360 531 SCLC, and 51 (82%) of 62 were ever smokers. The
5 P majority of patients presented with disseminated
. disease: 36 (58%) of 62 were stage IV, and the most
3 62 91  common site of metastasis at presentation was
4 7 1.1 bone in 15 (42%) of 36 patients. Seven patients
NSCLC stage (n = 616) (19%) had more than one site of metastasis.

| 19 28 Among 26 patients with stage Ill disease, one
I 17 25 patient received intravenous chemotherapy only,
m 169 287 and three patients received only oral etoposide
because of poor general condition. Thirteen (50%)
of 26 patients received concurrent chemotherapy
and radiotherapy, and nine (35%) of 26 received
il 26 42 chemotherapy followed by sequential radiation.
IV 36 58 Among 36 patients with stage IV disease, 22 (61 %)
of 36 received intravenous chemotherapy and 14
(39%) of 36 received oral etoposide only because
they were deemed ineligible for intravenous che-
motherapy. Among patients with metastatic dis-
ease who received intravenous chemotherapy, 14

\% 411 66
SCLC stage (n = 62)

(Continued in next column)
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Fig 1. Kaplan-Meier
estimates of (A)
progression-free survival
(PFS) and (B) overall
survival (OS) in non-small-
cell lung cancer for all
stages.

(67%) of 22 received cisplatin and etoposide
doublet and eight (23%) of 22 received carbopla-
tin and etoposide doublet.

Survival Qutcomes in NSCLC

Of the 678 patients with lung cancer in our study,
616 were found to have NSCLC, and survival
outcomes were analyzed for that group. Median
duration of follow-up was 6.3 months (range, 0.1 to
108.1 months). Median PFS for patients with all
stages of NSCLC was 6.9 months, and median OS
was 7.6 months (Fig 1). Survival status was not
known for 91 patients because they could not be
contacted by telephone or mail. Thus, they were
censored to be alive for survival analysis. On uni-
variable analysis, smoking, alcohol consumption,
histologic subtype of NSCLC, PS, disease stage,
and sexwere significant predictors of OS (Table 2).
On multivariable analysis, histology, stage, and PS
were significant predictors of OS (Data Supple-
ment). Disease stage and PS were significant
predictors of PFS on univariable analysis
(Table 2) and multivariable analysis.

The 1-year survival for patients with stage | disease
(n = 19) was 83%, and it was 76% for those with
stage Il disease (n = 17; Data Supplement). Patients
with stage IV disease (n = 411) had a median PFS
of 5.7 months and a median OS of 6.5 months
(P < .001). In patients with stage IV NSCLC who
received first-line intravenous chemotherapy, the
median OS had not yet been reached in those
who received pemetrexed combinations (n = 58).
Patients with stage Il NSCLC who received concur-
rent chemotherapy and radiotherapy (n = 36) had
better PFS (31% v8%; P=.29) and OS (30% v0%;
P = .51) compared with those who received chemo-
therapy followed by sequential radiotherapy (n = 39).
Patients with stage IV NSCLC who received

maintenance chemotherapy (n = 26) had a median
PFS of 9.6 monthsand a median OS of 24.9 months.

Second-line treatment was given to 107 (26%) of
411 patients with stage IV disease on progression,
among whom 63 of 107 received intravenous
chemotherapy and 44 of 107 received oral TKils.
The median PFS was 3.6 months for second-line
treatment, 4.1 monthsfororal TKls,and 3.46 months
for intravenous chemotherapy.

Survival Outcomes in SCLC

Sixty-two of 678 patients with lung cancer were
found to have SCLC. Median duration of follow-up
was 6.1 months (range, 0.7 to 54 months). Median
PFS for all stages was 6.0 months, and median OS
for all stages was 7.2 months (Fig 2; Table 3).

Age and stage at presentation were the only two
factors that were significantly associated with sur-
vival in patients with SCLC (Table 3). Patients with
SCLC who presented with stage Il disease and
received concurrentchemotherapy and radiother-
apy had better PFS (46.2% v33.3%; P=.53) and
0S (24% v0%; P = .43) compared with those who
received sequential chemotherapy and radiother-
apy, but it was not statistically significant. Second-
line chemotherapy was given to 16 of 62 patients,
and the median PFS was 2.9 months.

DISCUSSION

Treatment of advanced lung cancer in India is
accompanied by a unique set of challenges. Ac-
cess to quality oncologic care is limited because of
the scarcity of resources and qualified profes-
sionals. The cost of mutation analysis for patients
with lung cancer in India is still substantial.® With
the advent of generic drugs, the cost of EGFR TKls
has substantially decreased making them
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Table 2. Univariable Analysis of Prognostic Factors for NSCLC for All Stages (n = 616 except where noted)

Median PFS Median OS
Variable No. % (months) P* (months) P*
Age, years 57 .163
<60 372 60.4 6.8 8
> 60 244 396 6.1
Sex 13 .03
Male 462 75 6.5 7
Female 164 25 9.1 10.1
Smoking 13 .001
Yes 311 50.4 6.3 6
No 305 49.6 7.8 10.2
Alcohol use .38 .008
Yes 212 344 6.4 6.1
No 404  65.6 7.1 8.8
History of tuberculosis .26 .78
Yes 27 4.3 5.8 7.6
No 589  95.7 7 8.8
Histology A4 <.001
Adenocarcinoma 347 56.3 7.6
Squamous cell carcinoma 109 17.6 6.4
Poorly differentiated carcinoma 160 26.1 6.5 6.1
EGFR mutation (n = 132) .058 .354
Positive 61 46.2 11.1 14.1
Negative 71 53.8 6.8 11.7
ECOG PS <.001 <.001
1 327 53.1 8.6 11.8
2 222 360 5.2 53
3 60 9.7 34 2.8
4 7 1.2 4.4 2
Stage < .001 < .001
| 19 3.2 NR NR
Il 17 2.7 NR NR
1l 169 274 8 9.3
1 411 66.7 5.7 6.5
1
Patients with NSCLC who received first-line .03 < .001
intravenous chemotherapy (n = 169)
Etoposide + cisplatin 23 55 8.4
Etoposide + carboplatin 8 0.8 2.8
Pemetrexed based 58 7.8 NR
Gemcitabine based 70 53 6.6
Paclitaxel + carboplatin 10 5.7 7.4

Abbreviations: ECOG, Eastern Cooperative Oncology Group; EGFR, epidermal growth factor receptor; NSCLC, non-small-cell lung cancer
NR, not reached; OS, overall survival; PFS, progression-free survival; PS, performance status.
Log-rank test
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Fig 2. Kaplan-Meier
estimates of (A)
progression-free survival
(PFS) and (B) overall
survival (OS) in small-cell

lung cancer for all stages.
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affordable fora wider patient population. However,
ALK inhibitors are still prohibitively expensive and
are expected to remain so for the foreseeable
future. There are only a few studies in India that
have reported outcome data in patients with
advanced-stage NSCLC (Table 4).

In our study, the median age of presentation was
58 years, which is a decade younger compared
with the European population, but it is compara-
ble to that in other reports from India.”"'° The
majority of patients (53.4%) in our study were
smokers. Thisis a lower rate than in other studies

Table 3. Univariable Analysis of Prognostic Factors for SCLC (n = 62)

Variable No. % Median PFS (months) P* Median OS (months) P*

Age .008 132
<60 40 64.5 8.2 83
> 60 22 35.5 4.8 5.3

Sex 42 1
Male 54 87 6 6.1
Female 8 13 5.5 15.6

Smoking .846 405
Yes 51 82.2 5.3 6.2
No 11 17.8 10.5

Alcohol use 94 .86
Yes 36 58.1 6.8
No 26 41.9

History of tuberculosis .64 .23
Yes 3 4.8 4.3
No 59 95.2 59 9.3

ECOG PS .061 .059
1 33 53.2 9.2 9.2
2 27 435 49 53
3 2 33 2.1 2.1

Stage < .001 < .001
I 26 41.9 919 14.03
\% 36 58.1 49 5.3

Abbreviations: ECOG, Eastern Cooperative Oncology Group; OS, overall survival; PFS, progression-free survival; PS, performance status;

SCLC, small-cell lung cancer.
*Log-rank test
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in North India but is comparable to that in other
studies in South India.”® This may reflect the
variations in tobacco consumption practices
among different geographic regions in India. In
our study, 76% of the patients were males which
may be a result of decreased smoking habits
among women. This is lower compared with the
distribution of the sexes in other international
studies,'®*! but it is comparable to data from
other Indian centers.”®

The majority of the patients in our study had ade-
nocarcinoma histology (51%). This is consistent
with other Indian studies in the current era and
indicates a shift from predominantly squamous
histology as was observed earlier and may reflect
changes in smoking practices and the increasing
use of filtered cigarettes.”® 12 Most of our patients
presented with advanced lung cancer with 66%
having stage |V disease at diagnosis. However, this
is comparable to other Indian studies and
indicates a delay in seeking treatment.®

Most of the patients in this study (89.7%) had a PS
of 1 or 2. This was higher than what has been
observed in other Indian studies,”® probably be-
cause our study included only those patients who
received some form of treatment. Patients with poor
PS were referred for best supportive care at a nearby
palliative care center. However, none of our patients
had a PS of O at presentation.

Evaluation of tumors for EGFR mutation was started
in 2012; at that time, 132 patients were examined
and 46% of tumors were positive for an EGFR
mutation. This is higher than in other studies per-
formed in India by Doval etal (33%)'®and Bhattetal
(31.3%),° possibly as a result of selection bias be-
cause the testing was aimed more at female patients
and never-smokers. In the study titled “First Line
IRESSA Versus Carboplatin/Paclitaxel in  Asia
(IPASS)” in East Asia in which only a selected pop-
ulation of nonsmokers with adenocarcinoma of the
lung were included, EGFR mutations were presentin
59.7%. In our study, the most common sites of
EGFR mutation were deletion in exon 19 and muta-
tion at exon 21 (L858R). Together, these accounted
for 62% of the mutations. These two mutations were
alsothe predominant mutationsinthe IPASS study. *#
Approximately 6% of the patients in our study tested
positive for ALK translocation. This is higher com-
pared with results from other centers (2.7% t0 3%) in
India.’*!> This might be a result of the use of
immunohistochemstry rather than fluorescent in situ
hybridization for detecting translocations.'®

Although the survival outcomes in this study are
similar to those in another study from South India,
they are inferior to the outcomes from other studies in
North India.”*® The median PFS was 6.9 months for
patients with NSCLC in our study and 7.8 months in
the study by Malik et al.2 We analyzed the patients in
our study from date of treatment initiation, unlike

Table 4. Comparison of Demographics, Clinical Profiles, and Survival Outcomes in Various Studies of Lung Cancer in India

Beheraetal® Maliketal® Rajappaetal’” Bhattetal®  This Study

Factor (Chandigarh) (Delhi) (Hyderabad) (Mumbai) (Chennai)
No. of patients 1,009 434 194 1,385 678
Median age (years) 54.3 55 58 57 58
Males:females — 4.2:1 4:1 1.96:1 3.16:1
Ever smokers: never-smokers 2.7:1 2:1 1.45:1 1:1.6 1.14:1
Histology (%)

Adenocarcinoma 259 454 — 86.7 51.1

Sguamous carcinoma 34.3 29.4 — — 16

Poorly differentiated carcinoma 12.2 26.54 — — 23.5

Small-cell carcinoma — 14.7 — — 9.4
Stage (%)

| — 2.67 — 0 2.8

I — 8 — 0.2 25

1 — 28.91 58 7.7 28.7

vV — 56.75 42 92.1 66
Median PFS (months) — 7.8 6 — 6.9
Median OS (months) — 12.8 19.7 7.6

Abbreviations: OS, overall survival; PFS, progression-free survival.
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Malik et al who analyzed patients from date of pre-
sentation to the hospital; assessment of response
was also performed earlier in our study compared
with theirs. These factors could account for the
improvement of 1 month in PFS in their study.
Our median OS was 7.6 months, whereas Malik
etal reported a median OS of 12.8 months; however,
the majority of our patients with stage IV disease
(74%) did not receive second-line chemotherapy.
Details about second-line or maintenance treatment
were not available in the article by Malik et al. Bhatt
et al® did not report on median PFS, second-line
treatment, or response assessment in their study.

In patients who had EGFR-positive stage IV NSCLC,
the median PFS was 11.1 months and median OS
was 14.1 months, which is comparable to those in
other studies performed worldwide.'%!! Patients
who had EGFR-negative stage IV NSCLC had a
significantly better PFS and OS with pemetrexed-
based chemotherapy regimens. The combination
of cisplatin and etoposide showed a better OS
(8.4 months) compared with all other regimens;
thus, use of this regimen is still a reasonable option
in a resource-challenged setting.

Concurrent chemotherapy and radiotherapy was
associated with better OS compared with che-
motherapy followed by sequential radiation in
both SCLC and NSCLC, although this was not
statistically significant. Thus, in all eligible pa-
tients, concurrent chemotherapy and radiother-
apy should be considered as the treatment
modality of choice.

Use of maintenance pemetrexed in stage IV
NSCLC led to a better OS, which demonstrates
the role of maintenance chemotherapy in stage IV
NSCLC. In our study, patients who received main-
tenance chemotherapy had a median PFS of
9.6 months and median OS of 24.9 months.
In a study by Pandey et al'’” of maintenance
pemetrexed for 188 patients, the median PFS
was 8 months and median OS was 20 months.
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However, the retrospective nature of this study
precludes us from making conclusions.

There is a paucity of data on SCLC in India. In
SCLC, on univariable analysis, only stage of dis-
ease was shown to significantly affect OS in this
study. The study by Malik et al® included 64
patients with SCLC. Median PFS (6.8 v6 months)
and OS (9.1 v7.2 months) were higher compared
with those in this study.

Ourresults are limited by their retrospective nature
and the fact that widely heterogeneous treatment
modalities were used over a period of 9 years.
Mutation testing was not performed in many pa-
tients for economic reasons. The final survival
analysis did not include 62 of 866 patients who
received treatment but did not have any follow-up
and 126 of 866 patients who did not receive any
treatment because of poor PS or patient prefer-
ence. About 14% of patients were lost to follow-up
(91 of 616). The above issues related to data are
confounding factors in our analysis and may
have a significant impact on projected survival
for patients with lung cancer in India. However,
unlike controlled conditions in a trial, these data
reflect circumstances in the field.

Lung cancer is a common cause of cancer-
related mortality in India, and the majority of
patients do not receive adequate therapy.'® This
could be improved by early diagnosis, appropri-
ate treatment, and subsequent second-line ther-
apy if required. The ability to select patients for
detection of EGFR mutations in their tumors has
improved, thus allowing them to have optimal
treatment. Really making an impact on mortality
resulting from lung cancer in India requires
strong public health measures to control tobacco
use. Fortunately, this is now being increasingly
recognized by the governmentand provides hope
for the future.
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