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Summary

Cigarette smoking is a well known environmental risk factor for lung cancer; furthermore
it can also enhance lung carcinogenesis by free radical mediated reactions. In addition
smoking affects the rates of metabolism of several drugs and may contribute to poor
cancer survival. The purpose of the present work, therefore, was to see the relationship
of different smoking intensities with oxidative stress and survival after platinum based
chemotherapy in non-small cell lung cancer (NSCLC). The oxidative stress levels (LPO,
NO, SOD, and GSH) of 144 control subjects and 203 advanced stage NSCLC patients
were assessed at day '0', after the 3rd and 6th cycle of chemotherapy. Pack year (PY)
was stratified in groups (1-20, 21-50, > 50) for further analysis. Groups were compared
using repeated measured ANOVA, while survival curves were compared by KaplanMeier methods. Oxidative stress levels of smokers were significantly high (p < 0.01 or
p < 0.05) as compared to non-smoker at pretreatment, after the 3rd cycle and 6th cycle
of chemotherapy but not well correlated with the PY exposures. Overall mean survival
of smoker patients were significantly low when compared to non-smokers. The survival
of > 50 PY group was significantly lowered (p < 0.01) as compared to others PY groups,
indicating that survival after chemotherapy in smoker NSCLC patients may be dependent
on their PY exposures. In conclusion, smoking is a bad prognostic factor in lung cancer
therapy, besides its role in oxidative stress, and poor survival. Therefore, this factor can be
used in patient selection for chemoprevention.
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1. Introduction
Lung cancer is strongly associated with exposure
to environmental carcinogens, with the highest risk
being from cigarette smoking (1). Smoking is the most
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important risk factor for lung cancer, as supported
by epidemiologic evidence since the 1950s (2,3).
Thirty percent of all cancer is caused by smoking
and approximately 85-90% of lung cancer cases are
attributed to it (4,5).
Cigarette smoke (CS) can be divided into two
phases; the gaseous phase and particulate matter (tar).
Both phases are harmful, containing high concentration
of toxic and carcinogenic compounds (6) and are both
associated with diverse pulmonary disorders, including
cancers. Although it is well established that tar contains
a large number of carcinogens, previous studies suggest
that chemicals in the gaseous phase of tobacco smoke are
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of major importance in the cytotoxic and carcinogenic
effects of tobacco on bronchopulmonary epithelial cells
(7,8). At present it is well known that for these lesions to
occur both phases of tobacco smoke are required (9).
Furthermore, cigarette smoke is a major public
health hazard which exposes the respiratory tract to
substantial oxidative stress. Benzo(a)pyrene, one of
the most representative carcinogens of tobacco smoke,
may be the origin of free radical derivatives (10).
One puff from a cigarette contains approximately
10 14 oxidant radicals in the combined gaseous and
particulate states. Cigarette smoke contains over 4,700
chemical compounds, a high concentration of oxidants
(1014 molecules/puff), and 3,000 ppm NO/puff (11).
The nature of oxidant species found within CS varies
from short lived oxidants, such as super oxide radical
(O 2–) and the nitric oxide molecule (NO), to long
lived organic radicals, such as, semiquinones that can
undergo redox cycling within the epithelial lining fluid
of smokers for an extended amount of time (12,13).
It was also seen that formation of free radicals and
consequent lipid peroxidation (LPO) has been associated
with lung cancer (14). The principal radical in the tar
phase, a quinine/hydroquinone complex, is capable of
reducing molecular oxygen to superoxide radicals (15).
The gas phase of CS contains small oxygen and carbon
centered radicals that are much more reactive than are
all tar phase radicals (11). The major antioxidant in lung
lining fluid is reduced glutathione (GSH) (16). It can
also be found intracellularly and at lower concentrations
in plasma. It is a powerful scavenger of both reactive
oxygen and nitrogen species and can protect proteins
against nitration, particularly from the nitrogen dioxide
radical, nitrous oxide found in cigarette smoke (17).
In addition, smoking is associated with factors that
may contribute to poor cancer survival (18). There is
now strong evidence that lung cancer in non-smokers
shows different patterns than those observed in smokers
(19,20). Several studies have also shown a positive
association between smoking status and shortened
survival after treatment (21-24).
Previous studies indicated that lower smoking
intensity is associated with favorable overall survival of
non-small cell cancer (25,26). This is because smoking
affects the rates of metabolism for several drugs. It was
also seen that lung functions in smokers may be more
chemo resistant (4). The resistance of cancer cells to
anticancer drugs is a serious clinical problem encountered
in the chemotherapy (CT) of lung cancer patients.
We hypothesized that because smoking is a bad
prognostic factor in lung cancer therapy, besides
its role in oxidative stress and lung cancer genesis,
that this factor can be used in patient selection for
chemoprevention. The aim of the present work was to
study the relationship of different smoking intensity
with oxidative stress and survival after platinum based
chemotherapy in non-small cell lung cancer patients.

2. Materials and Methods
2.1. Patient characteristics
Two hundred and three non-small cell lung cancer
(NSCLC) patients (age, range 30-88 years) (155 males,
48 females) previously untreated, histologically or
cytologically confirmed, admitted to the Department
of Pulmonary Medicine, Chhatrapati Shahuji Maharaj
Medical University, (C.S.M.M.U) Lucknow, India, and
144 age and sex matched healthy subjects (Control) were
recruited for the study from October 2006 to December
2008. Eligible patients had an eastern cooperative
oncology group (ECOG) performance status (PS) of 0, 1,
2, and 3. Chest radiographs and computed tomography
for staging, sputum cytology, lavage examination,
bronchoscopic biopsy, fine needle aspiration biopsy and
cytology (if required) were performed in all lung cancer
patients for histological diagnosis (adenocarcinoma,
squamous cell carcinoma, large cell, and others), stage
(IIIA, IIIB, and IV), and site of lesion.
Smoking data were recorded for all cases. All
subjects were systematically interviewed through a
standard questionnaire about their current and life time
smoking status; detailed data were obtained about
tobacco consumption, including: smoking start age,
current smoking status, duration, intensity, amount of
pack year of smoking, and time since quitting were
noted. The patients were classified into two categories
based on cigarette smoking status: non-smoker, i.e.
patients who had never smoked or smoked less than 100
cigarettes in their life time; and smokers, i.e. patients
who smoked and who continued smoking. The patients
who had stopped smoking recently were considered
as current smokers. Patients who had quit smoking
for more than 1 year were considered former smokers.
Smoking intensity of the smokers was calculated as
pack year (PY) smoked. The total number of pack
year was calculated by multiplying the number of
packs smoked a day by the number of years of regular
cigarette smoking. To explore whether smoking
intensity at diagnosis is an independent prognostic
factor, the smallest significant cutoff smoking intensity
was identified by patients' stratification. Patients were
stratified into 3 groups (1-20, 21-50, and > 50) by
different smoking intensity cutoff values in the analysis.
In our study the use of a cutoff point of PY was based
on a previous study (26).
Patients received cisplatin (50-75 mg/m2 of body
surface area) divided into 3 doses on day 1, 2, and 3
and etoposide (70-100 mg/m2 of body surface area) on
day 1, 2 and 3 repeated every 3 weeks for a maximum
of six cycles. Date of therapy initiation, date of therapy
discontinuation, date of death, date of last followup, and status at last follow-up were recorded. The
survival time was defined as the interval between the
date of initial treatment and the date of last follow-
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up examination. Patients who were deceased were
calculated from the last date they were known to be
alive based on the date of last contact. This date was
verified by inpatient and outpatient medical records,
and/or confirmation with the patient's primary care
physician and/or family. Details of demographic
characteristics of patients are given in Table 1.
The study protocol was approved by the ethical
committee of Chhatrapati Shahuji Maharaj Medical
University Lucknow, Uttar Pradesh, India (vide
communication, ref. code- XXII ECM/P9). Before
enrolment, written informed consent from each subject
was obtained.
2.2. Biochemical assay
Blood specimens (5 mL) were aseptically drawn in
EDTA prior to initiation of each chemotherapy course
(first day). Blood samples were again collected after the
3rd and 6th cycle of chemotherapy for oxidative stress
measurement. Levels of LPO, NO, GSH, and SOD were
assessed at pretreatment (day '0') and post treatment
(after 3rd and 6th cycle). Hemolysate was prepared
using the method of Beutler et al. (27). The baseline (day
'0') values of all these biochemical parameters were also
assessed in 144 control subjects.
Total amount of lipid peroxidation products was
estimated using the thiobarbituric acid (TBA) method,
which measured the malondialdehyde (MDA)-TBA
complex (28). The intensity of pink color of the product
was read at 532 nm. Results were expressed as nmol
MDA/mL. Activity of superoxide dismutase was
determined by the method of McCord and Fridovich
(29). The xanthine/xanthine oxidase system was used
to generate the superoxide anion. This anion reduces
nitroblue tetrazolium (NBT) to formazan, which was
monitored at 560 nm. The level of this reduction
was used as a measure of SOD activity. The reduced
glutathione (GSH) level was determined using the
method of Ellman et al. (30). The technique involved
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protein precipitation by metaphosphoric acid, and a
spectrophotometric assay at 412 nm of the yellow
derivative obtained from the reaction of supernatant
with 5,5'-dithio-bis-2-nitrobenzoic acid. Plasma nitrite
levels were measured with the method of Green et al.
(31), using Griess reagent (sulfanilamide and N-(1naphthyle)ethylenediamine). The method is based on
a two step process. The first step is the conversion of
nitrate to nitrite using nitrate reductase. The second step
is the addition of Griess reagent that converts nitrite into
a deep-purple azo compound. Photometric measurement
of the absorbance at 540 nm of this azochromophore
accurately determines the nitrite concentration (sodium
nitrate is used as a standard) using a Microlab 300 semiautomated clinical chemistry analyzer (vital scientific)
Merck, The Netherlands.
2.3. Statistical analysis
Independent groups were compared by using one way
analysis of variance (ANOVA) while independent
and dependent groups were compared with two factor
repeated measures ANOVA followed by NewmanKeuls post hoc test. The Kaplan-Meier methods (Log
rank test and Cox proportional hazard ratio) were used
to compare survival between groups. A two-tailed (α
= 2), probability (p) value p < 0.05 was considered to
be statistically significant. Graph Pad Prism (version
5) and STATISTICA (version 7) were used for the
analysis.
For easy interpretation of the data, the percent mean
change (from baseline to final evaluation) of one group
over another was also evaluated as
Mean1 – Mean2
Mean change (%) = ———————— × 100
Mean1
where Mean1 and Mean2 denote means of 1st and 2nd
groups, respectively.

Table 1. Demographic characteristics of patients
Characteristics

Number (%)

No. of patients

203 (100 %)

Sex - Male : Female

155 (76.4%): 48 (23.6%)

Smoker : Non-smoker

141 (69.5%): 62 (30.5%)

Pack year ( PY) smoked , Mean ± SD, Median, Range

36 ± 26.1, 30, 3-162

PY-1-20 : PY-21-50 : PY- > 50 (n = 141)

36 (25.5%): 80 (56.8%): 25 (17.7%)

Age (Years)- Median, Range

55, 30-88

ECOG performance status- 0 : 1: 2

40 (19.7%): 107 (52.7%): 56 (27.6%)

Disease stage- IIIA : III B : IV

15 (7.4%): 142 (70.0%): 46 (22.7%)

Histological type- SCC: AC: LCC: O

82 (40.4%): 57 (28.1%): 27 (13.3%): 37 (18.2%)

Follow-up time (weeks)

88

Abbreviations: ECOG, Eastern co-operative oncology group performance status; SCC, squamous cell carcinoma; AC, Adenocarcinoma; LCC,
large cell carcinoma; O, others (mixed).
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3.2. Oxidative stress levels of non-smokers and smokers
NSCLC patients before and after chemotherapy

3. Results
3.1. Oxidative stress levels of normal healthy subjects
and non-smoker and smoker NSCLC patients at baseline
The baseline (pretreatment) oxidative stress levels of
LPO, NO, GSH and SOD of normal healthy subjects
(control) and non-smoker and smoker NSCLC patients
(patients) are summarized in Table 2. Table 2 showed
that pretreatment mean levels of LPO and NO in
patients were comparatively high while the levels of
GSH and SOD were comparatively low as compared
to respective levels of control subjects and the increase
and decrease were high in smokers as compared to nonsmokers.
On comparing the mean level of LPO and NO in
both non-smoker and smoker NSCLC patients were
found to be significantly different and higher (p < 0.01)
while the level of GSH and SOD were significantly
lower (p < 0.01) as compared to control (Table 2).
Similarly, the mean level of LPO and NO in NSCLC
smoker patients were also found to be significantly
higher (p < 0.05) while the level of GSH and SOD were
significantly lower (p < 0.05) as compared to NSCLC
non-smoker patients (Table 2).

Table 2. Baseline (pretreatment) biochemical parameters
of normal healthy subjects (control) and NSCLC patients
Parameters

Control
(n = 144)

NSCLC patients
Non-smoker
(n = 62)

Smoker
(n = 141)

2.24 ± 0.47

6.24 ± 0.92a

6.45 ± 0.70a,b

NO

11.88 ± 3.48

a

25.84 ± 4.58

26.09 ± 5.58a,b

GSH

11.77 ± 1.30

3.20 ± 1.02a

3.01 ± 1.00a,b

2.89 ± 0.48

a

1.38 ± 0.56a,b

LPO

SOD

1.49 ± 0.61

Data are shown as mean ± SD; a p < 0.01 (control vs. non-smoker or
smoker); b p < 0.05 (non-smoker vs. smoker).

The oxidative stress levels of LPO, NO, GSH, and SOD
in non-smoker and smoker NSCLC patients before
(pretreatment or 0 cycles) and after 3rd and 6th cycles
of chemotherapy are summarized in Table 3.
Comparing the levels within the groups (between
cycles) (Table 3), the mean level of LPO and NO in
both the non-smoker and smoker NSCLC patients at
3rd and 6th cycles were found to be significantly higher
(p < 0.01) as compared to their respective pretreatment
(0 cycle) levels. The respective levels of these in both
the non-smoker and smoker NSCLC patients at 6th
cycles were also found to be significantly higher (p <
0.01) as compared to their respective levels at 3rd cycle.
However, the mean levels of GSH and SOD in both the
non-smoker and smoker NSCLC patients at 3rd and 6th
cycles were found to be significantly lower (p < 0.01)
as compared to their respective pretreatment levels. The
respective levels of these in both the non-smoker and
smoker NSCLC patients at 6th cycles were also found
to be significantly lower as compared to their respective
levels at 3rd cycle.
Similarly, comparing the levels between the
groups (non-smoker vs. smoker), the mean level of all
oxidative stress parameters between the two groups at
pretreatment were found to be the same, that is, levels
did not differ significantly (p > 0.05) while at 3rd and
6th cycles these differed significantly (either p < 0.05, p
< 0.01).
The percent mean change (0 cycles-6th cycles)
(Table 3, last column) also showed more aggragation in
smoker NSCLC patients than the non-smoker NSCLC
patients. The LPO, NO, GSH, and SOD in NSCLC
smoker patients aggragated (i.e. ratio of percent mean
change of non-smoker and smoker) by a factor of 1.2,
1.2, 1.2, and 1.3 times more respectively than the non

Table 3. Biochemical parameters of non-smoker and smoker NSCLC patients before and after 3rd and 6th cycles of
chemotherapy
Variables
LPO

Patients
Non-smokers
Smokers

NO

Non-smokers
Smokers

GSH

Non-smokers
Smokers

SOD

Non-smokers
Smokers

At '0' cycle
6.24 ± 0.92
(62)
6.45 ± 0.70
(141)
25.84 ± 4.58
(62)
26.09 ± 5.58
(141)
3.20 ± 1.02
(62)
3.01 ± 1.00
(141)
1.49 ± 0.61
(62)
1.38 ± 0.56
(141)

After 3rd cycle
a

6.70 ± 0.92
(61)
7.04 ± 0.69a
(131)
30.24 ± 4.25a
(61)
32.01 ± 5.86a
(131)
2.53 ± 0.99a
(61)
2.23 ± 0.86a
(131)
1.10 ± 0.55a
(61)
0.95 ± 0.29a
(131)

After 6th cycle
a,b

7.22 ± 0.88
(53)
7.68 ± 0.60a,b
(92)
31.83 ± 3.97a,b
(53)
33.75 ± 4.53a,b
(92)
2.04 ± 0.92a,b
(53)
1.70 ± 0.67a,b
(92)
0.98 ± 0.56a,b
(53)
0.78 ± 0.20a,b
(92)

Mean change (%)
7.2
8.3
5.0
5.2
7.2
8.3
12.1
23.0

Data are shown as mean ± SD. Values in parentheses are number of patients; a p < 0.01 (0 cycle vs. 3rd cycle or 6th cycle); b p < 0.01 (3rd cycle
vs. 6th cycle).
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smoker NSCLC patients. In other words, oxidative
stress was well correlated with the patient exposures
(non smoking and smoking).
3.3. Pack year wise oxidative stress levels of smokers
NSCLC patients before and after chemotherapy
The pack year wise oxidative stress levels of LPO,
NO, GSH, and SOD in smoker NSCLC patients before
and after 3rd and 6th cycles of chemotherapy are
summarized in Table 4.
Comparing levels within the groups (between
cycles) (Table 4), the mean level of LPO and NO
in all pack year groups of smoker NSCLC patients
increased significantly (p < 0.01) after 3rd and 6th
cycles of chemotherapy as compared to their respective
pretreatment (0 cycle) levels. The respective levels
of these were also significantly higher (p < 0.001) at
6th cycle as compared to their respective levels at 3rd
cycle. Similarly, the mean levels of GSH and SOD
in all pack year groups of smoker NSCLC patients
decreased significantly (p < 0.001) after 3rd and 6th
cycles of chemotherapy as compared to their respective
pretreatment levels. The respective levels of these
were also significantly lower (p < 0.05 or p < 0.001) at
6th cycle as compared to their respective levels at 3rd
cycle.
Similarly, comparing the levels between the groups,
except SOD, the mean level of all oxidative stress
parameters in all three periods were found to be the
same, that is, levels did not differ significantly (p >

0.05). The mean SOD of pack year > 50 at 0 cycle and
3rd cycle was found to be significantly higher (p < 0.05)
than the pack year 1-20 and 21-50 groups.
The percent mean change (0 cycles-6th cycles)
(Table 4, last column) of all oxidative stress parameters
did not show any trend with pack year groups. In other
words, oxidative stress did not correlate significantly
with pack year exposures.
3.4. Survivals
The two years (or 88 wks) overall survival of all
NSCLC patients (smoker + non-smoker), between non
smoker and smoker NSCLC patients and among smoker
NSCLC patients (pack year wise) has been summarized
graphically in Figure 1.
The overall median survival of all NSCLC patients
was found to be 28.50 wks (Figure 1a). The overall
median survival of smoker NSCLC patients was
significantly lower (Log rank test: χ2 = 12.86; p < 0.01)
as compared to non-smoker NSCLC patients and the
death rates in smoker NSCLC patients were also 0.22
times higher (Hazard ratio: ratio = 0.22; 95% CI of
ratio = 0.19 to 0.61) than the death rate of non-smoker
NSCLC patients (Figure 1b). Similarly, the overall
median survival among different pack year groups of
smoker NSCLC patients differed significantly (Log rank
test: χ2 = 27.53; p < 0.01) with each other (Figure 1c).
The survival of pack year > 50 smoker NSCLC patients
was significantly lower as compared to the other pack
year groups. Though the survival of pack year 21-50

Table 4. Pack year wise biochemical parameters of smoker NSCLC patients before and after 3rd and 6th cycles of
chemotherapy
Parameters
LPO

Pack year
1-20
21-50
> 50

NO

1-20
21-50
> 50

GSH

1-20
21-50
> 50

SOD

1-20
21-50
> 50

At '0' cycle
6.44 ± 0.75
(36)
6.46 ± 0.69
(80)
6.46 ± 0.68
(25)
25.88 ± 6.31
(36)
26.28 ± 5.57
(80)
25.76 ± 4.57
(25)
3.11 ± 1.07
(36)
2.96 ± 0.97
(80)
3.03 ± 1.04
(25)
1.32 ± 0.47
(36)
1.30 ± 0.53
(80)
1.73 ± 0.63
(25)

After 3rd cycle
a

6.99 ± 0.75
(36)
7.09 ± 0.64a
(74)
6.94 ± 0.79a
(21)
31.61 ± 6.35a
(36)
31.63 ± 5.80a
(74)
34.04 ± 4.96a
(21)
2.20 ± 0.90a
(36)
2.31 ± 0.85a
(74)
1.99 ± 0.80a
(21)
0.93 ± 0.24a
(36)
0.92 ± 0.24a
(74)
1.13 ± 0.43a
(21)

After 6th cycle
a,c

7.82 ± 0.65
(27)
7.67 ± 0.51a,c
(58)
7.25 ± 0.89a,d
(7)
34.39 ± 5.42a,c
(27)
33.25 ± 4.21a,c
(58)
35.49 ± 2.82a,d
(7)
1.60 ± 0.65a,c
(27)
1.73 ± 0.68a,c
(58)
1.84 ± 0.68b,d
(7)
0.81 ± 0.21a,c
(27)
0.76 ± 0.18a,c
(58)
0.79 ± 0.37a,c
(7)

Mean change (%)
17.6
15.8
11.0
24.8
21.0
27.4
48.4
41.5
39.1
39.1
41.5
54.0

Data are shown as mean ± SD. Values in parentheses are number of patients; a p < 0.01 (0 cycle vs. 3rd cycle or 6th cycle); b p < 0.05 (0 cycle vs.
6th cycle); c p < 0.01 (3rd cycle vs. 6th cycle); d p < 0.05 (3rd cycle vs. 6th cycle).
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Figure 1. The two years overall survival. (a), All NSCLC patients;
(b), Non-smoker and smoker NSCLC patients; (c), Different pack
year groups of smoker NSCLC patients.

smoker NSCLC patients was also lower as compared
to pack year 1-20 but seems statistically insignificant
(p > 0.05) (Figure 1c). The survival trend among the
three pack year exposure groups was also found to be
significant (Log rank test for trend: χ2 = 17.58; p < 0.01)
indicating that survival after chemotherapy in smoker
NSCLC patients may be dependent on their pack year
exposure.
4. Discussion
Cigarette smoking is a well known environmental risk
factor for lung carcinogenesis. Tobacco smoke contains
many mutagenic and carcinogenic chemicals (32,33)

that might be associated with mutation in genes (34,35).
Cigarette smoke is a composite of numerous pollutants
in rather high concentrations. Well over one thousand
constituents of smoke, including many oxidants, prooxidants, free radicals and reducing agents, have been
identified (36). Also, Pryor and associates (11,15) have
identified two different populations of free radicals , one
in tar and the other in gas phase of CS. The principal
radical in the tar phase, a quinone/hydroquinone
complex is capable of reducing molecular oxygen to
superoxide radicals. The gas phase of cigarette smoke
contains small oxygen and carbon centered radicals that
are much more reactive than are all tar phase radicals.
Thus cigarette smoke contains many oxidants, free
radicals and metastable products derived from free
radical reactions that are capable of reacting with or
inactivating essential cellular constituents.
An increased oxidant burden in smokers derives
from the fact that cigarette smoke contains an
estimated 1014 oxidants and 3,000 ppm NO/puff, and
many of these are relatively long lived including tarsemiquinone, which can generate OH– and hydrogen
peroxide in the presence of free iron through the Fenton
reaction (11). The increased oxidative metabolism of
phagocytes is accompanied by increased generation
of reactive oxygen species (ROS); such as, hydrogen
peroxide, hydroxyl radicals and superoxide radicals.
These ROS can attack DNA directly or cause membrane
damage, and they can activate oxygen, a process that
has been associated with tumor promotion. Earlier
studies found that smokers have higher plasma levels
of lipid peroxidation products, measured through the
thiobarbituric acid (TBA)-malondialdehyde method
(37). We therefore studied lipid peroxidation in smoker
and non-smoker lung cancer patients. In addition there
is a decrease in antioxidants in the distal airways of
smokers, as well as a decrease in vitamin E in the
bronchoalveolar lavage fluid, when compared to non
smokers (38-40).
Some studies also discussed that CS increases
the formation of reactive nitrogen species (RNS) and
results in nitration and oxidation of plasma proteins.
The levels of nitrated proteins (fibrinogen, transferrin,
plasminogen, and ceruloplasmin) were higher in
smokers compared to non-smokers (41). Evidence of
increased NO/ONOO– activity in plasma and epithelial
lining fluid has been shown in chronic smokers
resulting in elevated formation of 3-nitrotyrosine (42).
The major antioxidants in lung lining fluid are GSH
(16). Cofgreave et al. have shown that acute cigarette
smoke inhalation for one hour caused significant
depletion of GSH in the lungs, lavaged cells and
lavaged fluid of rats (43). GSH is a powerful scavenger
of both ROS and RNS and can protect proteins against
nitration, particularly from the nitrogen dioxide radical,
and nitrous oxide found in cigarette smoke (17).
The actual mechanisms of the carcinogens have
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not been identified, even though polycyclic aromatic
hydrocarbon and tobacco specific nitrate compounds
have been indicated (44). Cigarette smoke alters the
lung metabolism of many endogenous compounds as
well as the activities of many biotransforming enzymes
in lung tissue (45). It has been also well established
that smoking is associated with many mortality-related
pathological conditions and causes irreversible damage
to lung parenchyma (46).
Smoking also affects the rates of metabolism for
several drugs (4). In addition, it is possible that lung
tumors in smokers may be more chemo resistant.
The actual mechanism of this drug resistance is
under investigation (4). The resistance of cancer
cells to anticancer drugs is a serious clinical problem
encountered in the chemotherapy of lung cancer
patients.
In addition, smoking is associated with factors that
may contribute to poor cancer survival; an increased
mutation burden that could lead to accelerated
carcinogenesis and progression (47). This is one of
the most important determinants because smoking
is associated with numerous diseases (18,48). Thus
patients with lung cancer with a smoking history are at
risk of dying from a spectrum of smoking associated
diseases.
Despite the indisputable link between smoking
status and increased risk of lung cancer, the data on
the inclusion of this predictor in prognostic survival
analysis has been scarce. Although a large number
of papers have been published evaluating prognostic
factors in lung cancer, tumor node metastasis (TNM)staging is the most important tool to estimate the
prognosis of lung cancer patients and to define the best
treatment modality (49). TNM-staging gives an accurate
estimate of localization and disease progression at the
time of diagnosis, but it does not account for survival
differences within the same stage. Pretreatment
variables on survival are not necessarily identical to
predicting response to chemotherapy (CT). Therefore,
identification of these factors would be useful in
analysis of the response rate to CT in lung cancer
patients. Recently, a study indicated a beneficial effect
on ECOG performance status when patients stopped
smoking after diagnosis of NSCLC (50). Previous
studies (51,52) suggest that the benefit consistently
increases with the number of years since smoking
abstinence. This is important since the prognosis of
lung cancer patients might significantly be improved
by smoking cessation (53). Current smoking at the
time of diagnosis was an independent predictor of poor
prognosis in lung cancer patients (54). Furthermore,
a worse survival rate was seen in 215 SCLC patients
who smoked throughout chemotherapy (55). However,
a study with 154 SCLC patients showed that continued
smoking during chemotherapy did not affect the
outcome of this treatment (24). Our study examined
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whether smoking intensity by inducing oxidative stress
affected the survival of patients with lung cancer treated
with chemotherapy.
We observed a poorer response in patients with
PY > 50. Patients with PY > 50 had a worse response
than those with PY < 50. Factors related to tobacco
smoking have been implicated in poorer response for
current and former smokers. At least 55 of the > 2,000
chemical compounds identified in the tobacco leaf are
proven carcinogens (56) and many of them could be
responsible for the poor response. In a study of 369
patients with NSCLC, smoking pack years before
surgery had a prognostic value (46). Also patients were
classified into two group in a previous study with > 30
and < 30 smoking pack year. Smoking with 30 or more
pack year was associated with poor prognosis and nonsmokers have better prognosis compared with smokers
(25). In a Japanese population based study stage I lung
adenocarcinoma patients with a smoking intensity
of less than 20 pack year showed a more favorable
prognosis than those with a PY of 20 or more (26). It
was seen that in our study that smokers show more
oxidative stress than non-smokers before and after
chemotherapy. Survival of the smoker NSCLC patients
was also low as compared to non-smokers. Also the
patients with > 50 PY showed worse survival than the
other PY groups. We can conclude that smoking is a
bad prognostic factor in lung cancer therapy, besides its
role in oxidative stress, lung cancer genesis and poor
survival. Therefore, this factor can be used in patient
selection for chemoprevention.
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