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ABSTRACT

BACKGROUND  Coronary artery disease (CAD) is associated with cancer. The role of inflammation in the association of CAD
with cancer remains unclear. The study investigated whether inflammation could impact the relationship between CAD and lung
cancer.

METHODS The study involved 96 newly diagnosed lung cancer patients without receiving anti-cancer therapy and 288 matched
non-cancer patients. All the patients underwent coronary angiography and were free from previous percutaneous coronary inter-
vention or coronary artery bypass grafting. SYNTAX score (SXscore) were used to assess severity of CAD. High SXscore (SXhigh)
grade was defined as SXscore > 16 (highest quartile). Neutrophil-to-lymphocyte ratio (NLR) served as an inflammatory biomarker.
NLR-high grade referred to NLR > 2.221 (median).

RESULTS Among 384 study patients, 380 patients (98.96%) had NLR value (median: 2.221, interquartile range: 1.637-3.040). Com-
pared to non-cancer patients, lung cancer patients had higher rate of SXhigh among total study patients (P = 0.014) and among pat-
ients with NLR-high (P = 0.006), but had not significantly higher rate of SXhigh among patients with NLR-low (P = 0.839). Multiv-
ariate logistic regression analysis showed that SXhigh was associated with lung cancer [odds ratio (OR) = 1.834, 95% CI: 1.063-
3.162, P = 0.029]. Subgroup analysis showed that SXhigh was associated with lung cancer among patients with NLR-high (OR =
2.801, 95% CI: 1.355-5.794, P = 0.005), however, the association between SXhigh and lung cancer was not significant among pati-
ents with NLR-low (OR = 0.897, 95% CI: 0.346-2.232, P= 0.823).

CONCLUSIONS Inflammation could lead different association between anatomical severity of CAD and lung cancer. Severity
of CAD was significantly associated with increased risk of lung cancer among patients with high inflammation rather than am-
ong patients with low inflammation.

therosclerotic cardiovascular disease  ative Profile cohort study showed that prevalence
and mortality of cancer were higher in patients with
ASCVD than in patients without ASCVD.P! The st-

udy showed that ASCVD may have a potential risk

(ASCVD) and cancer are chronic disea-
ses which are considered as two main
causes of death all over the world.? ASCVD and

neoplasms are generally considered to be two inde-
pendent diseases, with very different clinical mani-
festations and prognosis, however, more research sh-
owed that ASCVD and cancer often coexisted in a
same individual, and that patients with atheroscler-
osis have an increased risk of cancer, while patients
with cancer also have a significantly increased risk
of atherosclerosis.”” The Sakakibara Health Integr-
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for cancer developments.”’ Another study showed
that carotid atherosclerosis was significantly rela-
ted to the occurrence of colorectal tumor."!

Lung cancer is the most common incident cancer
and the leading cause of cancer death.” Our previ-
ous study indicated that anatomical severity of coro-
nary artery disease (CAD) was associated with incre-

ased risk of lung cancer.'” The study indicated that
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there was direct link between CAD and cancer,” ho-
wever, the mechanism underlying the link between
CAD and lung cancer is not fully clear.

Inflammation is considered a common risk factor
for both CAD and cancer.”® A large number of stu-
dies showed that inflammation plays a key role in
the pathogenesis of CAD and cancer, respectively.”
Whether inflammation can impact the association of
anatomical severity of CAD with cancer is curren-
tly rarely known. Based on our previous study, the
present study was to investigate whether inflamma-
tion differences exist in the relationship between
CAD and lung cancer and ascertain the impact of in-
flammation on the association of anatomical sever-
ity of CAD with lung cancer. To make sure whether
there is inflammation-related different association
between CAD and lung cancer will be beneficial to
better manage the two critically threatening human
health diseases.

It is well known that there are various types of in-
flammatory biomarkers such as C-reactive protein,
interleukin 6, and tumor necrosis factor o, et al.*® Ne-
utrophil-to-lymphocyte ratio (NLR) has been clai-
med to reflect systemic inflammation and which can
be easily obtained from complete blood cell counts."
NLR also has been confirmed to be associated with
cardiovascular diseases and cancer, respectively.®*>"
In the present study, we assessed the inflammatory
status of study patients with NLR as the other stud-
ies."™"¥ Further we analyzed the association betw-
een CAD and lung cancer among subgroup patients
stratified by NLR in order to detect the effect of infla-
mmation on the association of CAD with lung cancer.

METHODS

Study Population

In Department of Cardiology, the First Medical Ce-
ntre, Chinese PLA General Hospital, Beijing, China,
all information of inpatients was kept in the medi-
cal record system including coronary angiograms.
There were 201 patients with lung cancer (ICD-10 code:
34), and 51,106 patients without any cancer among
51,928 patients who underwent coronary angiogr-
aphy (ICD-9-CM codes: 88.5, 88.55, 88.56, and 88.57)
from January 1, 2009 to December 31, 2020. The st-
udy protocol was approved by the Institutional Re-
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view Board of Chinese PLA General Hospital (52022-
254-01).

Lung cancer diagnosis was validated according to
pathological diagnosis. Among the 201 lung cancer
patients, 96 newly diagnosed lung cancer patients
without receiving any anti-cancer treatments or pre-
vious percutaneous coronary intervention (PCI) or
coronary artery bypass grafting (CABG) were en-
rolled in this study. From the 51,106 non-cancer pa-
tients, 288 control patients were enrolled by prop-
ensity score matching to the included lung cancer
patients (1:3) according to gender, age, family his-
tory of CAD, body mass index (BMI), smoking, hy-
pertension, diabetes mellitus, and hyperlipidemia.
All the included patients had not history of any con-
nective tissue disease or other inflammatory disea-
ses, and had not history of PCI or CABG before the
indexed hospitalization. A flow chart of study pa-
tients enrollment process was shown in Figure 1.

Assessment of Inflammatory Status in Patients

In order to assess inflammatory status of study pa-
tients, we made use of NLR as inflammatory mar-
ker.*’® Complete blood cell counts, which included
the total white blood cells, neutrophils, and lymph-
ocytes, were obtained from the medical record sys-
tem which was tested at admission. NLR was calcu-
lated as neutrophil count divided by lymphocyte co-
unt. In the study, the median of NLR was 2.221, so
we defined NLR grade as NLR-low (NLR < 2.221)
and NLR-high (NLR > 2.221).

Assessment of Anatomical Severity of CAD Based
on Coronary Angiography

As in previous studies, we assessed the anatomi-
cal severity of CAD using SYNTAX score (SXscore)
based on coronary angiography,”*! which was de-
scribed in full elsewhere.”**! All of the angiographic
variables pertinent to SXscore calculation were com-
puted by two blinded experienced interventional ca-
rdiologists. When the SXscore of each patient was
different between the two cardiologists, they would
discuss the angiograms and give a common SXscore.
Final SXscores were calculated per patient and saved
in a dedicated database. SXscore of 16 was the high-
est quartile among total study patients. Low SXscore
(SXlow) was defined as SXscore < 16 and high SX-
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Patients who underwent coronary angiography
between January 2009 and December 2020
(n = 51,928)
[
¥ v ¥

Patients with history of
other cancers (1 = 621)

Patients without any
cancers (n = 51,106)

Patients with history of lung
cancers (n = 201)

Propensity score matching (3:1)
Excluded to included lung cancer patients
— Received anti-cancer therapy (1 = 32) — according to cardiovascular risk
Received previous PCI or CABG (1 = 73) factors, excluding patients with
previous PCI or CABG

v

Lung cancer group Non-cancer group
[ =96 (all patients had NLR value)] [n =288 (284 patients had NLR value)]

I |
v v v

Logistic regression analysis
among total patients

Logistic regression analysis
among patients with NLR-high

Logistic regression analysis
among patients with NLR-low

Figure1 Flow chart of study patients. CABG: coronary artery bypass grafting; NLR: neutrophil-to-lymphocyte ratio; PCI: percutane-

ous coronary intervention.

score (SXhigh) was defined as SXscore > 16. In logi-
stic regression analysis, we defined SXhigh as positive.

Statistical Analysis

Descriptive statistics were presented as counts (pe-
rcentages) for categorical variables, and mean + SD
or median [interquartile range (IQR)] for continuous
variables according to normality of the data. We ass-
essed the normality of the data using skewness and
kurtosis normality tests. The Pearson’s chi-squared test
or Fisher’s exact probability test were used to exam-
ine differences for categorical variables. We used the
independent samples t-test to compare means bet-
ween two groups when variables were normally
distributed. The Mann-Whitney U non-parametric
statistical test was used to compare difference betw-
een two groups for continuous variables without no-
rmal distribution.

We assessed the relationship between CAD sever-
ity and lung cancer by logistic regression analysis,
adjusting for common related risk factors including
gender, age, BMI, smoking history, cancer family his-
tory, hypertension, diabetes mellitus, and hyperlip-
idemia. Two-sided P-value < 0.05 were considered sta-
tistically significant, and odds ratio (OR) was presen-
ted with 95% confidence interval (CI). Statistical ana-
lysis was performed using SPSS 22.0 (SPSS Inc., IBM,
Chicago, IL, USA).
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RESULTS

Patients Characteristics

384 study patients were with 63.66 + 9.31 years, 86
patients (22.40%) were female. All of the included
96 lung cancer patients had pathological evidence of
cancer, 87 patients (90.6%) were diagnosed as non-
small cell lung cancer, the other nine patients (9.4%)
were with small cell lung cancer. 60 patients (62.50%)
were at stage I or II, 14 patients (14.58%) were at stage
111, six patients (6.25%) were at stage IV, and the ot-
her 16 patients (16.67%) could not been confirmed
the disease stage. Six patients (6.25%) were metast-
atic. All the lung cancer patients had not received any
anti-cancer treatments before the index coronary an-
giography.

There was no significant difference for gender, age,
smoking history, BMI, family history of CAD, hype-
rtension, diabetes mellitus, hyperlipidemia and can-
cer family history between lung cancer patients and
non-cancer patients. Ejection fraction, lipid profile
and fasting blood glucose were comparable between
lung cancer patients and non-cancer patients (Table 1).

Overall SXscore ranged from 0 to 40, with a med-
ian of 10 (IQR: 4.0-16.4). Highest quartile of SXscore
was 16. According to definition of SXhigh and SXlow
by highest quartile of SXscore as the cut-off value,
96 patients (25%) had SXhigh and 288 patients (75%)
had SXlow. Lung cancer patients had higher SX-
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Table1 Clinical characteristics of study patients.

Characteristics Lung cancer group (n = 96) Non-cancer group (n = 288) P-value
Gender

Male 76 (79.2%) 222 (77.1%) -

Female 20 (20.8%) 66 (22.9%) '
Age, yrs

<65 48 (50.0%) 163 (56.6%)

> 65 48 (50.0%) 125 (43.4%) 0261
Body mass index, kg/m”

<24 38 (33.30%) 109 (32.4%) -

>24 58 (66.70%) 179 (67.6%)
Smoking

Never smokers 43 (44.8.0%) 146 (50.7%)

Ever smokers 53 (55.2.0%) 142 (49.3%) 0316
Family history of coronary artery disease

No 89 (92.7%) 246 (85.4%) e

Yes 7 (7.3%) 42 (14.6%) '
Hypertension

No 43 (44.8%) 126 (43.8%)

Yes 53 (55.2%) 162 (56.2%) 0859
Diabetes mellitus

No 56 (53.3%) 179 (58.2%)

Yes 40 (46.7%) 109 (41.8%) 0506
Hyperlipidemia

No 32 (33.3%) 118 (42.2%)

Yes 64 (66.7%) 170 (57.8%) 0184
Family history of cancer

No 92 (95.8%) 274 (95.1%) .

Yes 4 (4.2%) 14 (4.9%)
Ejection fraction, %

<50 11 (11.5%) 32 (11.1%)

> 50 85 (88.5%) 256 (88.9%) 0926
Laboratory data

Total cholesterol, mmol/L 4.01+0.923 4.03 £ 0.993 0.884

Triglyceride, mmol/L 1.51+£0.912 1.58 £ 0.911 0.541

Low-density lipoprotein cholesterol, mmol/L 2.52 £0.830 2.51 £ 0.854 0.892

High-density lipoprotein cholesterol, mmol/L 1.10+0.271 1.06 £ 0.320 0.294

Fasting blood glucose, mmol/L 5.70 (4.97-7.13)’ 5.67 (4.87-7.37) 0.804
SYNTAX score 12.00 (5.00-19.75)" 9.00 (3.00-15.00)° 0.038

Data are presented as means + SD or n (%). Presented as median (interquartile range). Ever smokers: patients who smoke more than
lli(f)gﬁcéiérettes lifetime including former smokers and current smokers; Never smokers: patients who smoke less than 100 cigarettes
score than non-cancer patients (median: 12.00, IQR:  had NLR value (median: 2.221, IQR: 1.637-3.040), and
5.00-19.75 vs. median: 9.00, IQR: 3.00-15.00, P=0.038) ~ four patients had not NLR value because they did
(Table 1). not test complete blood cell count during hospitaliz-
ation. NLR was stratified as NLR-high (NLR > 2.221)
and NLR-low (NLR < 2.221) with the median of 2.221

Among 384 study patients, 380 patients (98.96%)  as cut-off value. NLR was significantly higher among

Inflammatory Status Among Study Patients
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patients with SXhigh than among patients with SXlow
(median: 2.629, IQR: 1.889-3.548 vs. median: 2.102,
IQR: 1.571-2.853, P=0.001) (Figure 2). Rate of NLR-
high in SXhigh patients was higher than that in SX-
low patients (62.80% vs. 45.80%, = 0.004) (Figure 3).

Impact of Inflammation on Association of CAD
with Lung Cancer

We compared the difference of SXscore grades be-

4 4 P =0.001
34
Z2,
Z
| i
0
SXhigh group SXlow group

Figure 2 NLR among patients stratified by SYNTAX score
grades. NLR of patients with SXhigh was significantly higher than
that of patients with SXlow (median: 2.629, IQR: 1.889-3.548 vs.
median: 2.102, IQR: 1.571-2.853, P = 0.001). IQR: interquartile ra-
nge; NLR: neutrophil-to-lymphocyte ratio; SXhigh: high SYNTAX
score; SXlow: low SYNTAX score.

P =0.004
100% -
80% 1 B NLR-high
60% - B NLR-low
40% A
20% A
0
Patients with SXhigh ~ Patients with SXlow

Figure 3 Distribution of NLR grades among patients stratified
by SYNTAX score grades. The rate of NLR-high was higher am-
ong patients with SXhigh compared to patients with SXlow (62.80%
vs. 45.80%, P = 0.004). NLR: neutrophil-to-lymphocyte ratio; SX-
high: high SYNTAX score; SXlow: low SYNTAX score.

tween lung cancer patients and non-cancer patients
among total patients and among subgroup patients
stratified by NLR grades. Among total patients, lung
cancer patients had higher rate of SXhigh compared
to non-cancer patients (34.4% vs. 21.9%, P= 0.014). Mo-
reover, lung cancer patients had higher rate of SXhigh
than non-cancer patients among patients with NLR-
high (45.5% vs. 25.2%, P = 0.006), however, lung can-
cer had not significantly higher percentage of SX-
high than non-cancer patients among patients with
NLR-low (19.5% vs. 18.1%, P = 0.839) (Table 2).

Logistic regression analysis was used to assess the
association of CAD and lung cancer. Among total
patients, univariate logistic regression analysis sho-
wed that OR of SXhigh for lung cancer was 1.871
(95% CI:1.129-3.101, P = 0.015), and multivariate lo-
gistic regression analysis showed that SXhigh was
associated with increased risk of lung cancer with an
OR of 1.834 (95% CI: 1.063-3.162, P= 0.029) after ad-
justing for gender, age, BMI, smoking, cancer fam-
ily history, hypertension, diabetes mellitus and hy-
perlipidemia (Table 3).

Further, we made subgroup analysis stratified by
level of inflammation according to NLR. Among the
patients with NLR-high, univariate logistic regres-
sion analysis showed that OR of SXhigh for lung ca-
ncer was 2.475 (95% CI: 1.282-4.779, P= 0.007). After
adjusted for gender, age, BMI, smoking, cancer fam-
ily history, hypertension, diabetes mellitus and hy-
perlipidemia, SXhigh was associated with the incr-
eased risk of lung cancer compared with SXlow (OR =
2.801, 95% CI: 1.355-5.794, P = 0.005) (Table 3).

Among the patients with NLR-low, OR of SXhigh
for lung cancer was 1.095 (95% CI: 0.455-2.635, P= 0.839)
in univariate logistic regression model, and was 0.897
(95% CI: 0.346-2.232, P = 0.823) in multivariable lo-
gistic regression model, respectively. The results did

Table 2 Comparison of SYNTAX score grades between lung cancer patients and non-cancer patients.

Total patients (n = 384)

Patients with NLR-high (n = 190")

Patients with NLR-low (n = 190")

Variables Lung cancer Non-cancer Lung cancer Non-cancer Lung cancer Non-cancer
(n=96) (n=288) [value TP 5™ Tn-13s) Pvalue TGP gy (n=149) Prvalue
SYNTAX score grade 0.014 0.006 0.839
{f‘fg)SYNTAX SCOTe g3 (65.6%) 225 (78.1%) 30 (54.5%) 101 (74.8%) 33 (80.5%) 122 (81.9%)
High SYNTAX
(;%6) SCOT€ 33 (34.4%) 63 (21.9%) 25 (45.5%) 34 (25.2%) 8(19.5%) 27 (18.1%)

Data are presented as n (%). Presented as the number of patients was for those who had NLR value. NLR: neutrophil-to-lymphocyte
ratio.
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Table 3 The OR and 95% CI of high SYNTAX score for lung cancer in total patients and subgroup patients stratified by NLR.

Total patients (n = 384)

Patients with NLR-high (n = 190)

Patients with NLR-low (n =190’

Model

OR 95% CI P-value OR 95% CI P-value OR 95% CI P-value
Model 1 1.871  1.129-3.101  0.015 2475 1.282-4.779 0.007 1.095 0.455-2.635 0.839
Model 2 1.821  1.074-3.090  0.026 2.694 1.356-5.350 0.005 0.865 0.340-2.199 0.760
Model 3 1.810  1.059-3.092  0.030 2932 1.447-5.940 0.003 0.812 0.318-2.070 0.662
Model 4 1.834  1.063-3.162  0.029 2.801 1.355-5.794 0.005 0.897 0.346-2.232 0.823

"Presented as the number of patients was for those who had NLR value. Model 1: not adjusted for any variables. Model 2: adjusted for
gender, age and body mass index. Model 3: adjusted for variables in model 2 plus smoking and cancer family history. Model 4:
adjusted for variables in model 3 plus hypertention, diabetes mellitus and hyperlipidemia. CI: confidence interval; NLR: neutrophil-to-

lymphocyte ratio; OR: odds ratio.

not show that SXhigh was significantly associated
with the risk of lung cancer in patients with NLR-
low (Table 3).

DISCUSSION

To our knowledge, the present study was the first
to demonstrate inflammation-based different asso-
ciation between anatomical severity of CAD and lung
cancer. The study showed that severity of CAD was
associated with lung cancer, however, CAD was sig-
nificantly associated with lung cancer among pa-
tients with high inflammation rather than among pa-
tients with low inflammation. The results indicated
that inflammation could affect the association between
anatomical severity of CAD and lung cancer.

Both CAD and cancer are the diseases causing gr-
eat health burden on human all over the world. There
has been growing interest in the relationship betw-
een cardiovascular diseases and cancer, however, more
attention has been attracted by anti-cancer treatment-
induced cardiotoxicity.”?**! Currently, more and
more evidence show that CAD is directly associated
with risk of cancer.”****”! The epidemiology, patho-
biology, and treatment of CAD and cancer have been
the focus of intensive study for decades, and it is a
consensus that both CAD and cancer are multifac-
torial diseases.!"* Preclinical and clinical evidence
indicate that cancer progression is determined not
only by the tumor genetic landscape, but also by com-
plex interactions within the tumor microenvironm-
ent and systemic host milieu.”*” Inflammation is
one of important microenvironment elements.”” Ch-
ronic inflammation is a pathological condition cha-
racterized by continued active inflammation respo-
nse and tissue destruction which contributes to the
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development of cardiovascular diseases and cancer,
respectively.”"*

NLR has been confirmed to be associated with vari-
ous diseases as an inflammatory marker.*""*”) Com-
paring with other inflammation biomarkers,"” NLR
is more easily and economical to be obtained from
routine complete blood counts. In the present study,
98.96% (380/384) of patients had NLR value, so we
make use of NLR to assess the inflammatory status
of the patients. The results showed that NLR was
higher in patients with high SXscore than in pati-
ents with low SXscore. The results were consistent
with the up-regulated inflammatory status among
cardiovascular disease patients.*”! The present
study showed lung cancer patients had higher SX-
score than non-cancer patients among total study
patients as well as among patients with NLR-high,
however, the difference was not significant between
lung cancer patients and non-cancer patients among
patients with NLR-low. The results indicated that
inflammation may play an important role on the ass-
ociation of CAD and lung cancer.

Furthermore, we investigated the impact of infl-
ammation on the association of CAD and lung can-
cer. We observed significant association of CAD
with lung cancer in the present larger sample study
which was consistent with the previous study.'” In
the present study, more important was the subgr-
oup analysis stratified by level of inflammation. The
results showed that the association of CAD with lung
cancer was significant among patients with NLR-
high, however, significant association between CAD
and lung cancer was not observed among patients
with NLR-low. The results indicated that the associ-
ation between CAD and lung cancer may be at least
partly driven by inflammation. It was reasonable to
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infer that inflammation plays an important role in the
link between CAD and lung cancer, and NLR may
be a potential biomarker for the association between
CAD and lung cancer.

The results of the study were significant with clin-
ical implications that it would be necessary to scr-
een lung cancer among severe CAD patients with
high inflammation. However, in view of the multid-
imensional mechanism of inflammation in the patho-
genesis of atherosclerotic disease and cancer,” !
the reason for why severe CAD patients with low inf-
lammation was not associated with lung cancer is
complex. It should be reasonable to hypothesize that
high inflammation can put more effect on progress
of both CAD and cancer than low inflammation.
How inflammation, CAD and lung cancer interact
each other in a same individual is worthy of more
clinical and basic investigations in future.

STRENGTHS AND LIMITATIONS

The study had several strengths and limitations.
A major strength of the study was the use of NLR to
investigate the role of inflammation between associ-
ation of CAD and lung cancer. NLR as an easily ob-
tained inflammation biomarker has the potential to
be widely used in clinical practice. However, there
were some limitations for the present study. Firstly, it
was a hospital-based study, so the selection bias must
be taken into account. In order to minimize the se-
lection bias as can as possible, on the one hand, we en-
rolled all the newly diagnosed lung cancer patients
who had not previous history of PCI or CABG, and
on the other hand, we enrolled the control patients
by propensity score matching to the lung cancer pa-
tients from a bigger sample of 51,106 non-cancer pa-
tients. Secondly, cigarette is a well-known risk fac-
tor for lung cancer and CAD. Regarding the possi-
ble effect of smoking, the smoking history had been
balanced between lung cancer patients and non-ca-
ncer patients in order to control the confounding im-
pact of smoking, and smoking history had been ad-
justed in the logistic regression analysis. In future
study, it would be important to further examine the
role of inflammation on association between CAD
and lung cancer among never smokers. Last but not
least, the present cross-sectional study showed in-
flammation could change the association of CAD and
lung cancer, but could not explain the underlying mec-
hanism. It is necessary to further elucidate the role
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of inflammation in bigger prospective study and ba-
sic research in future. Moreover, it is also necessary
to further investigate the effect of types and stages
of lung cancer on association between CAD and lung
cancer which had not been analyzed due to the small
sample of lung cancer patients.

CONCLUSIONS

In brief, the study firstly observed inflammation-
based different association of anatomical severity of
CAD with lung cancer. It showed that anatomical
severity of CAD was associated with lung cancer, how-
ever, the association of the two diseases was signi-
ficant among patients with high level of inflamma-
tion rather than among patients with low level of inf-
lammation. The results indicated that inflammation
may play an important role in the association betw-
een CAD and lung cancer. The results also give us
an alert that it may be notable to closely screen lung ca-
ncer among patients with severe CAD, especially am-
ong patients with high level of inflammation. Even
now the study gave us some new indications, it needs
bigger prospective clinical studies and basic resea-
rch to further elucidate the relationship and the under-
lying mechanism for the association of CAD with lung
cancer.
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