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pOStOp erative outcomes

Objectives To investigate the effects of preoperative smoking and smoking cessation time on preoperative
peripheral blood inflammatory indexes and postoperative hospitalization outcomes in male patients with lung
cancer and surgery therapy.

Methods We retrospectively enrolled 637 male patients who underwent curative-intent lung cancer resection
between January 2014 and December 2016. Patients were classified as the current smokers, the never smokers,
and the ex-smokers based on their smoking history, and the ex-smokers were allocated into five subgroups
according to their smoking cessation times (CeT): CeT <6 weeks, 6wecks<CeT < Iyear, 1year<CeT < 5years,
Syears<CeT < 10years, CeT>10years. The preoperative peripheral blood white blood cells (WBCs), albumin,
neutrophil to lymphocyte ratio (NLR), platelet to lymphocyte ratio (PLR), intraoperative blood loss, 30-day
mortality, in-hospital days, hospitalization costs, intensive care unit (ICU), admission days and placement time of
closed thoracic drainage tube were compared among different groups.

Results There were significant differences in WBC (F=5.275, P<0.001) and albumin (F=2.470, P<0.05)

among patients of current smokers, ex-smokers with different smoking cessation time, and never-smokers. The
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blood WBC count in current smokers (7.7 X 10°/L) was significantly higher than that in ex-smokers (7.0 X 10°/L)
and never-smokers (5.9 X10°/L) (t=-2.145, P<0.05; t=-6.073, P<0.01, respectively). The level of
peripheral blood albumin in current smokers (41.1 g/L) was lower than that in ex-smokers (42.1 g/L) and never-
smokers (43.2 g/L) (t=2.323, P<0.05; ¢t =3.995, P<0.01, respectively). The level of peripheral blood NLR in
current smokers (3.7) was higher than that in ex-smokers (3.1) and never smokers (2.8) (t=-1.836, P<<0.05;
t=-2.889, P<0.01, respectively). There was no significant difference in WBC, albumin and NLR among five
subgroups of different smoking cessation time. No significant difference was observed in intraoperative blood
loss, 30-day mortality, hospitalization costs, hospital stay, [CU stay and placement time of closed thoracic drainage
tube among groups either.

Conclusion Smoking increases the preoperative inflammatory indexes in peripheral blood of lung cancer
patients. Smoking cessation has beneficial effect on reducing levels of these inflammatory indexes, which may be

not impacted by the time length of smoking cessation. Therefore, lung cancer patients should be encouraged to
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quit smoking at any time.

MOKING is a risk factor for intraoper-

ative and postoperative complications.

It increases the incidence of in-hospital

morbidity and mortality,™ and increases
surgical blood loss as well.” During lung surgeries,
compared to never-smokers, current smokers had
higher frequencies of postoperative pulmonary compli-
cations (PPC) and intensive therapy unit admission.”
Of 156 000 people who die of lung cancer each year,
those current smoker patients also had higher hospital
costs compared to the never-smoker patients (relative
cost, 1.04; 95% CI, 1.00-1.07)." Smokers are more
likely to develop pneumonia, accidental endotracheal
intubation, and therefore require mechanical ventila-
tion. They are also more likely to have cardiac arrest,
myocardial infarction, or stroke. Therefore, smoking
cessation is very important to improve the prognosis of
patients with lung cancer. Studies have shown that the
time of smoking cessation for at least 6 weeks before
operation, rather than immediately before surgery,
might be more beneficial.”! Some studies have sug-
gested that in order to reduce incidence of PPC, smok-
ing cessation should be at least 4 weeks before opera-
tion.'® The most appropriate time of smoking cessation
before surgery for lung cancer patients has not been
identified.

In 1863, Rudolf Virchow, a German medical sci-
entist, proposed a link between inflammation and
tumors. Smoking is associated with some peripheral
serum markers,” including white blood cells (WBC),™®
C reactive protein (CRP),' and albumin.™ Studies
have shown that cigarettes contain addictive nico-
tine, which activates neutrophils in body and plays

an important role in inflammation. Some studies
have found that the serum levels of WBC, CRP and
albumin after smoking cessation were similar to that
of never-smokers,!'® ' elevated neutrophil to lym-
phocyte ratio (NLR), elevated platelet to lymphocyte
ratio (PLR), and low albumin level were predictors of
poor overall survival in patients with lung cancer.!'**”]
According to our knowledge, few studies has focused
on the correlation of smoking cessation time with
preoperative serum WBC, PLR, albumin and NLR in
patients with lung cancer. The current retrospective
cohort study was carried out to further explore and
analyze the effects of preoperative smoking and smok-
ing cessation time on peripheral blood WBC, PLR, NLR,
albumin, 30-day mortality, in-hospital days, hospital-
ization costs, ICU admission days and placement time
of closed thoracic drainage tube in male patients with
lung cancer.

PATIENTS AND METHODS

Patients selection

This study was approved by the institutional commit-
tee of biomedical ethics. Male patients of lung cancer
who underwent curative-intent lung cancer resection
between January 2014 and December 2016 in West
China Hospital Sichuan University were retrospectively
collected in this study. All patients were re-classified by
the 8th edition International Association for the Study
of Lung Cancer (IASLC) classification system. The in-
cluding criteria were: 1) newly diagnosed lung cancer
patients; 2) underwent curative surgeries, including
open thoracotomy or video-assisted thoracoscopic
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surgery (VATS); 3) male patients and aged 18 years
or older. Patients were excluded if they had any of the
following situations: 1) preoperative treatment for lung
cancer (e.g., preoperative radiotherapy, chemotherapy,
or targeted therapy); 2) pulmonary infection or any
other systems infection before operation; 3) smoking
history was not clearly described in the medical record.

Information collection and patients grouping

We retrospectively collected patients’ information
from the Hospital Information System (HIS) and the
Laboratory Information system (LIS). The clinical in-
formation included age, sex, body mass index (BMI),
history of smoking, smoking cessation time, histo-
pathology, IASLC stage; the preoperative peripheral
blood inflammatory indexes included WBC, albumin,
platelet, neutrophil, and lymphocyte counts; the post-
operative hospitalization outcome indexes included
30-day mortality, surgical blood loss, placement time
of closed thoracic drainage tube, days of intensive
care unit (ICU) admission, in-hospital days, and death
of any cause. We also recorded the hospitalization
expense of each patient. Patients were assigned into
groups based on smoking history. Never-smoker was
defined as smoking fewer than 100 cigarettes during
lifetime; current smokers were those who still smoked
at admission; ex-smokers were those who smoked
more than 100 cigarettes during lifetime but did not
smoke at admission. Ex-smokers were allocated as
following sub-groups according to the smoking cessa-
tion time (CeT): CeT<6w, 6w<CeT<1y, 1ly<CeT<5y,
5y<CeT<10y, and CeT>10y.

Statistical analysis

Quantitative data were described by means and
standard deviation (SD) or median, while qualitative
data were expressed by adoption rate. We compared
the variables of blood inflammation indexes and post
operation hospitalization outcomes among groups
of smoker, ex-smoker and never smokers. Pearson’s
chi-square test or Fisher’s exact test was used for
comparing categorical variables, and analysis of vari-
ance (ANOVA) or t’ test for comparing quantitative
variables among multiple groups and between any
two groups. The difference of baseline clinical charac-
teristics among multiple groups was also examined.
All analyses were conducted using SPSS (Version
19.0, IBM). P<0.05 was considered statistically sig-
nificant.

RESULTS

Clinical characteristics of patients

Totally 637 eligible male patients diagnosed with lung
cancer and treated with surgery were included in this
study, with age from 18 to 83 years old, and the mean
age of 59.5 £ 9.6 years old. The mean BMI was 23.0 +
2.9 kg/m?. Of all patients, 27.8% (n=177) were cur-
rent smokers, 58.4% (n=372) were ex-smokers, and
13.8% (n=88) were never-smokers. The most com-
mon operation proformed was lobectomy (92.8%), fol-
lowed by segmentectomy/wedge (6.6%), and the least
common was sleeve resection (0.6%). A significant dif-
ference was observed in age among different smoking
groups (F=6.814, P<0.001), of which patients with
smoking cessation =10 years were the oldest (mean,
64.84 +£10.7 years old). The persentage of lung cancers
in stage I was 18.8% (n=120), in stage II was 30.8%
(n=196), in stage Il was 45.1% (n=287), and in stage
IV was 5.3% (n=34), with no significant difference
among the groups (X*=26.079 P=0.098). No signif-
icant difference in BMI among the groups was found
(F=1.049, P=0.537). The baseline characteristics of all
included patients were presented in Table 1.

Preoperative inflammatory indexes in blood
Significant differences in WBC count (F=4.28,
P<0.001) and albumin (F=7.040, P<0.01) were found
among the current smokers, ex-smokers and never-
smokers. When combining the current smokers and
ex-smokers together, the mean values of smokers were
significantly different compared to the never-smoker
patients in preoperative blood WBC (7.2 x 10°/L vs.
5.9x10°/L, t=4.28, P<0.001) and albumin (41.7 g/L
vs. 43.2 g/L, t=-2.88, P<0.01). Both ex-smokers and
never-smokers had significantly lower WBC levels (t=
-2.415, P<0.05; t=-6.073, P<0.01) and higher albu-
min (t=2.323, P<0.05; t=3.995, P<0.01) than the
current smokers (Table 2).

The NLR were significantly different among the
current smokers, ex-smokers and never smokers
(F=4.727, P<0.01), and the current smokers had
significantly higher NLR than both never smokers
and ex-smokers (both P<0.05). No significant differ-
ence was found in PLR among the current smokers,
ex-smokers and never smokers and between any two
of the groups (Table 2).

In ex-smokers with different smoking ces-
sation time (CeT<6w, 6w<CeT<1ly, 1ly<CeT<by,
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Table 1. Baseline characteristics of patients with lung cancer in different groups of smoking status and smoking cessation time

Current Ex-smoker (n=372) Never-
Characteristics smoker  CeT<ébw 6w<CeT<ly 1y<CeT<by b5y<CeT<10y CeT>10y smoker F/X? P
(n=177)  (n=90) (n=107) (n=86) (n=34) (n=55) (n=88)
Age [years,
57.9 (8.0) 59.9(8.6) 58.1(8.5) 60.7 (8.4) 63.7 (7.2) 64.8 (10.7) 57.7 (13.3) 4.525 0.000
mean(SD)]
BMI [kg/m?, mean
(SD)] 22.7 (3.3) 22.9(2.9) 22.9(2.9) 23.1 (2.9) 24.1 (2.3) 23.2 (2.7) 23.5(2.6) 1.049 0.537
8th edition IASLC Classification [n (%)] 26.079 0.098
Stage I 32 (18.1) 18 (20.0) 14 (13.1) 18 (20.9) 6 (17.6) 6 (17.6) 19 (21.6)
Stage II 46 (26.0) 32 (35.6) 41 (38.3) 31 (36) 12 (35.3) 9 (16.4) 25 (28.4)
Stage I 93 (52.5) 36 (40.0) 42 (39.3) 33 (38.4) 13 (38.2) 32 (58.2) 38 (43.2)
Stage IV 6 (3.4) 4 (4.4) 10 (9.3) 4 (4.7) 3(8.8) 1(1.8) 6 (6.8)
Surgery procedures [n (%)] 9.888 0.626
Lobectomy 165 (93.2) 85(94.4) 102 (95.3) 79 (91.9) 31 (91.2) 47 (85.5) 82 (93.2)
Segmentec-
110 (5.6) 4 (4.4) 5(4.7) 7 (8.1) 3(8.8) 7 (12.7) 6 (6.8)
tomy/wedge
Sleeve 1(1.1) 1(1.1) 0 (0) 0 (0) 0 (0) 1(1.8) 0 (0)

CeT, cessation time; BMI, body mass index; IASLC, International Association for the Study of Lung Cancer; SD, standard

deviation.

5y<CeT<10y, and CeT>10y), the preoperative WBC
levels and albumin levels were not statistically differ-
ent (all P>0.05) by ANOVA. Similarly, no significant
differences were found in NLR and PLR among these
patient groups (Table 3).

Postoperative hospitalization outcomes

The 30-day mortality of current smokers, ex-smokers
and never smokers was 2.8%, 3.0% and 1.1% respec-
tively (Fisher's exact test, P>0.05); when combining
the current and ex-smokers together, although the
ever smoking patients has a 30-day mortality of 2.9%,
which was much higher than that of never-smokers,
there was no statistical difference (Correction for con-
tinuity, x°=0.0.365, P=0.294). No differences were
found in hospitalization costs, in-hospital days, ICU ad-
mission days, surgery blood loss, and placement time
of closed thoracic drainage tube among current smok-
ers, ex-smokers and never-smokers (Table 2).

In subgroup patients with different smoking ces-
sation time, the above measures were not significantly
different either (Table 3), although the intra opera-
tive blood loss of never-smoking patient was the least
(153.8 ml), and the current smokers patients had the
highest hospitalization costs (mean, 71 072.9 Yuan),
while the never smoking group had the lowest hospi-
talization costs (mean, 60 546.8 Yuan), with as much
as 10526.1 yuan difference between the two groups.

The hospitalization time, ICU stay time and placement
time of closed thoracic drainage tube were the longest
in current smokers patients (median, 11 days, 3 days
and 6 days, respectively), and the least in never
smoking group (median, 9 days, 2 days and 4 days,
respectively), but all differences were not statistically
significant.

DISCUSSION

Lung cancer is the leading cause of cancer-re-
lated death in the world.!*® Researches have found
that quitting smoking is highly beneficial in reducing
lung cancer risk for smokers regardless of their CHR-
NAS5rs16969968 genetic risk status."'® However, quit-
ting smoking for better life is still an important public
health task, for it is difficult for numerous people.”
Neutrophils are the first blood cells that arrive at sites
of inflammation. Increase of tumor-associated neu-
trophils is associated to poor outcome in patients with
lung cancer.’”™ Plenty of transverse and longitudinal
studies have shown that patients with lung cancer
could benefit from quitting smoking; in postoperative
patients of lung cancer who continue to smoke, chance
of the second tumor can be 2.3 times of quitters,
risk of recurrent tumor can be 1.9 times of quitters.
Smoking can also increase the incidence of radioac-
tive pneumonia and infection during radiotherapy, and
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Table 2. Comparisons of the inflammatory indexes and postoperative outcomes of lung cancer patients among groups of
current smokers, ex-smokers and never smokers

WBC [x10°%/L, mean (SD)] 5.9 (1.4)%** 7.0(2.6)* 7.7(3.4) 13.277 0.000
Albumin [g/L, mean (SD)] 43.2 (3.5)**" 42.1(4.3)* 41.1(4.6) 7.040 0.001
NLR [mean(SD)] 2.8 (1.1)* 3.1(1.9)* 3.7(3.9) 4.727 0.009
PLR [mean(SD)] 132.6 (55.7) 134.9(68.8) 146.7(89.9) 1.625 0.198
Blood loss [mL, mean(SD)] 153.8 186.8 185.2 0.473 0.623
Placement time of closed thoracic 4 4 6 1.450 0.235
drainage tube (days, median)

ICU admission days (days, median) 2 2 3 0.963 0.382
In-hospital days (days, median) 9 10 11 0.308 0.735
Hospitalization costs [RMB Yuan, 60 546.8 (30 060.6) 64 466.8 (33 187.1) 71 072.9 (81 904.9) 1.522 0.219
mean(SD)]

30-day mortality (%) # 1.1 3.0 2.8 0.659 0.743

*compared to the current smoker by t test, P<0.05; **compared to the current smoker by t test, P<0.01; ‘compared to
the ex-smoker, P<0.05; *compared to the ex-smoker, P<0.001. * Fishers exact test. NLR, neutrophil to lymphocyte ratio;
PLR, platelet to lymphocyte ratio; ICU, intensive care unit; WBC, white blood cell.

Table 3. Comparisons of the inflammatory indexes of lung cancer patients and postoperative outcomes of cancer patients
among groups of different smoking status and smoking cessation time

WBC [x10%/L, 7.7(3.4) 7.5(2.5) 7.1(3.1) 6.6(2.0) 6.8(2.8) 6.8(2.6) 5.9(1.4) 5.275 0.000 1.362 0.247
mean (SD)]

Albumin [g/L, 41.7(4.4) 41.4(3.9) 41.7(5.4) 41.6(4.1) 43.9(3.1) 42.2 43.3 2.470 0.023 2.072 0.084
mean(SD)] (4.0) (3.3)

PLR 146.5 117.4 136.9 138.8 147.4 144.7 132.6  1.709 0.116 2.008 0.093
[mean(SD)] (89.9) (45.4) (75.2) (71.3) (78.6) (73.5) (55.7)

NLR[mean(SD)] 3.7(3.9) 2.9(1.5) 3.2(2.5) 3.1(1.6) 3.2(1.7) 3.3(1.8) 2.8(1.1) 1.697 0.119 0.344 0.848
Blood loss [mL, 185.2 162.0 159.5 216.8 207.9 219.8 153.8 0.715 0.638 0.336 0.649
mean(SD)]

Placement 6 5 5 5 4 5 4 0.528 0.787 0.344 0.848

time of closed
thoracic drain-
age tube (days,

median)

ICU admission 3 2 2 2 2 2 2 0.401 0.878 0.415 0.798
days (days, me-

dian)

In-hospital days 11 11 11 11 8 9 ) 0.510 0.801 1.001 0.407

(days, median)

Hospitalization 71 072.9 61 959.2 63 165.9 67 739.4 64 668.7 63 123.6 60 546.8 0.599 0.732 0.336 0.854
costs [Yuan, (81 904.9) (31 302.4) (27 290.2) (36 379.9) (32870.4) (33953.1) (30 060.6)

mean (SD)]

30-day mortali- 2.8 1.1 2.8 2.3 5.9 5.5 1.1 4.768 0.529 3.710 0.406
ty (%)*

* compare among the seven groups; ' compare among the five sub-groups in ex-smoker lung cancer patients. * Fisher's exact test.
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prolong median surial in small-cell lung cancer patients
after radiation and chemotherapy (18.0 months vs.
13.6 months).””®’ Among former smokers with chron-
ic obstructive pulmonary disease (COPD), even after
withdrawing cigarette smoking, inflammation persists,
lung function continues to deteriorate, and the risk of
lung cancer increases.” These facts suggest a strong
link between airway inflammation and lung cancer
progress.?!l

Our study found that smoking increased the lev-
el of peripheral blood WBC counts and decreased the
preoperative albumin level in male patients with lung
cancer. The result that preoperative blood WBC count
of smokers was higher than that of never-smokers was
consistent with previous studies. > The peripheral
blood WBC in the current smoker patients before oper-
ation was significantly higher than that in the ex-smok-
er patients, and the latter was higher than that of
the never-smoker patients; although there was a de-
creasing trend in peripheral WBC level of ex-smokers
patients with the increasing of cessation time, we did
not find significant difference in peripheral blood WBC
levels among subgroups of different cessation time.
The study of Smith et al.”*! and Lao et al.”*® indicated
WBC decreased with increase of smoking cessation
time; in study of Peres et al.,"1 WBC level of ex-smok-
ers with 10 years of smoking cessation was close to
that of never-smokers after excluding the influence of
COPD. Another study on individuals aged 60-79 years
old showed that WBC count reverted to that of nev-
er-smokers after 20 years of smoking cessation.?”
In the cohort of this study, lung cancer patients who
had quit smoking for longer time were relatively older,
which was consistent with previous studies.®?®! There-
fore, we suggest that smoking impacts preoperative
blood WBC greatly in lung cancer patients, and cessa-
tion time may not influence WBC to revert to the level
of never-smokers. Individual characteristics such as
age and contaminant diseases may play a synergetic
role.

Smoking significantly decreased serum level of
albumin, and after 5 years of smoking cessation, the
albumin of smokers basically reached the level of
never-smokers. The decrease of serum albumin was
suggested to be caused by that cigarette smoking in-
creased urine albumin excretion.*"

We found that the value of NLR in current smok-
ers was higher than that of never-smokers, which
was consistent to the results of Gumus’s study that
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smoking increased the NLR.!! However, the effect of
smoking cessation time on NLR has not been reported.
Gumus et al. also observed that PLR of non-smokers
was significantly higher than that of former smokers.!
Although in the current study, the PLR value of patients
quitting smoking for less than 6 weeks was lower than
that of never-smokers, the difference was not signifi-
cant. Since not enough data have focused on the rela-
tionship between smoking cessation and NLR, albumin
and PLR, more researches are needed.

The hospitalization costs for smoking lung cancer
patients to have surgical treatment was higher than
that of never-smokers, and in patients with smoking
cessation time over 5 years, the hospitalization costs
were basically the same as that of never-smoker pa-
tients. Therefore, we suggest patients with lung cancer
should be encouraged to quit smoking at any time be-
fore operation and as early as possible.

Postoperative mortality is an important index to
evaluate the survival time of tumor patients. Studies
had found that the mortality rates of lung cancer pa-
tients at the 30-day and the 90-day after operation
were 1.6% and 3.2%, respectively, and half of the
deaths occured in the period between 31 days and
90 days after discharge.®? At present, few study has
focused on relationship between preoperative smoking
cessation time and postoperative death in patients with
lung cancer. In our study, we found that the 30-day
mortality rate for the smoking lung cancer patients was
2.9%, which was higher than that of never-smoking
patients (1.1%), but the 30-day mortality rate among
different groups of smoking status and cessation time
were not significantly different. We noticed that the
relatively high 30-day mortalities were observed in pa-
tients with cessation time longer than 5 years (5.9%,
5.5% respectively), and the average ages of patients
with longer cessation time (mean, 64 ys) were older
than other group patients. The elderly age of patients
with longer cessation time may contribute to the in-
creased 30-day mortality rate.

Some studies have found that smoking is a risk
factor for intraoperative and postoperative complica-
tions; it increases hospital morbidity/mortality, surgical
blood loss, hospitalization costs, etc. In our study, we
found that the current smoking lung cancer patients
had the highest hospitalization costs, while the nev-
er-smoking patients had the lowest hospitalization
costs, although there was no significant difference
among the groups. Besides, the hospitalization costs of
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patients who had quit smoking for more than 5 years
were comparable to that of never-smoking patients.
For operative bleeding, although the never-smoking
patients had the lowest amount of intra-operative
blood loss (154ml), there was no significant difference
among groups of different smoking cessation time;
neither was the in-hospital days, ICU admission days,
and placement time of closed thoracic drainage tube.
It seems that smoking cessation is not related to the
perioperative healthcare indicators. However, individ-
ual health condition of patients varies and many indi-
vidual factors can affect the perioperative outcomes
greatly; the development of minimally invasive oper-
ative technique in lung cancer surgery has improve
the surgery related safety. The role of smoking ces-
sation as well as cessation time in surgery healthcare
outcome need to be further investigated with careful
designation.

There were some limitations in this study. First,
as a retrospective study, some valuable laboratory
indexes were unavailable, such as serum mean plate-
let volume which might affect postoperative survival
time,?*** and C-reactive protein (CRP), a inflammato-
ry marker.”> **! Second, as large amounts of patients’
contact information were absent, follow up were not
effectively carried out, so long-term survival of includ-
ed lung cancer patients were unable to be analyzed.
Third, as the patient cohort came from a single center,
there were limitations in patients’ sample size and rep-
resentativeness. Therefore, it is necessary to carry out
large-scale multicentric RCT research with long-term
survival analysis in future.
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