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Abstract: Objective: This study was designed to analyze risk factors for postoperative pulmonary infection (PPI) in
patients with non-small cell lung cancer (NSCLC) based on regression models and to construct a corresponding no-
mogram prediction model. Methods: A total of 244 patients with NSCLC who received surgical treatment from June
2015 to January 2017 were retrospectively analyzed. According to the PPI, they were assigned to a pulmonary infec-
tion group (n=27) or non-pulmonary infection group (n=217). The independent risk factors for PPl in NSCLC patients
were screened through least absolute shrinkage and selection operator (LASSO) and logistic regression analysis,
and a corresponding nomogram prediction model was constructed. Results: A total of 244 NSCLC patients were
included, including 27 with PPI (11.06%). According to LASSO regression-based screening, age, diabetes mellitus
(DM), tumor node metastasis (TNM) staging, chemotherapy regimen, chemotherapy cycle, post-chemotherapy albu-
min (g/L), pre-chemotherapy KPS and operation time were all significant and found to be the influencing factors for
PPI. The risk model constructed based on LASSO was 0.0035770333 + (0.0020227686* age) + (0.057554487*
DM) + (0.016365428* TNM staging) + (0.048514458* chemotherapy regimen) + (0.00871801* chemotherapy
cycle) + (-0.002096683* post-chemotherapy albumin (g/L) + (-0.00090206* pre-chemotherapy Karnofsky perfor-
mance score (KPS)) + (0.000296876* operation time). The pulmonary infection group got significantly higher risk
scores than the non-pulmonary infection group (P<0.0001). According to receiver operating characteristic (ROC)
curve-based analysis, the area under the curve (AUC) of risk score in predicting pulmonary infection was 0.894.
Based on 4 independent predictors, a risk-prediction nomogram model was constructed to predict pulmonary infec-
tion in NSCLC patients after surgery. The internal verification C-index was 0.900 (95% Cl: 0.839-0.961), and the
calibration curves were well fitted with the ideal ones. Conclusion: The prediction model based on a regression
model for PPl in NSCLC patients demonstrates good prediction efficiency, which is conducive to early screening of
high-risk patients and further improvement of treatment regimen.
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Introduction LCs [1]. According to estimation, 2020 has seen

2.09 million new cases of LC. As the primary
Lung cancer (LC), one of the most common can- cause of cancer-related deaths, LC results in
cers, is the primary cause of cancer-associated 25% of such deaths [2]. The incidence of NSC-
deaths worldwide. Non-small cell lung cancer LC varies worldwide, with a higher incidence in

(NSCLC) accounts for approximate 80% of all developed countries and a lower one in devel-
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oping countries [3]. However, due to the
increase of tobacco use and exposure to envi-
ronmental pollutants, NSCLC has a growing
incidence in many countries, especially in low-
income and middle-income countries [4].
NSCLC is primarily treated by the combination
of surgery, radiotherapy, and chemotherapy [5].
Surgical intervention that is generally regarded
as the most effective option for early NSCLC
brings the risk of postoperative complications,
including postoperative infection [6].

Postoperative infection is a common and pos-
sibly serious surgical complication, which great-
ly impacts patients’ rehabilitation and overall
outcomes [7]. The risk of postoperative infec-
tion is the highest in the first few weeks after
surgery, which is probably due to bacteria,
viruses or fungi that enter the body through the
surgical incision [8]. Symptoms of postopera-
tive infection can range from mild (such as
fever and redness at the surgical site) to severe
(such as pneumonia or sepsis) [9]. It greatly
compromises the recovery of patients, increas-
es the risk of complications, and results in a
longer hospitalization and higher medical
expenses [10]. However, opinions on risk fac-
tors of postoperative pulmonary infection (PPI)
vary extensively. For example, Wang et al. [11]
found that surgical procedure, surgical dura-
tion, inspired fraction of oxygen in one-lung
ventilation, and postoperative pain were risk
factors for postoperative infection in lung can-
cer patients. Another study [12] showed that
age 75 years or older, forced expiratory volume
in 1 second as a percentage of forced vital
capacity (FEV1%) less than 70%, advanced
pathologic stage, and induction therapy were
risk factors for lung infection in patients.

Thus, postoperative infection, as one common
and serious complications of NSCLC surgery,
greatly compromises the patients’ prognosis.
Accordingly, it is necessary to better under-
stand the factors for postoperative infections
in NSCLC patients and strategies for preventing
and treating these infections in order to improve
the patients’ prognosis and reduce medical
expense.

Materials and methods
Research objects

A total of 244 NSCLC patients who received
surgical treatment from June 2015 to January
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2017 were retrospectively analyzed. According
to the PPI, they were assigned to a pulmonary
infection group (n=27) and non-pulmonary
infection group (n=217). This study was per-
formed with permission from the Medical Ethi-
cs Committee of the First Affiliated Hospital of
Nanchang University. A flowchart was con-
structed for this study (Figure 1).

Inclusion and exclusion criteria

Inclusion criteria: patients diagnosed with
NSCLC according to the diagnostic criteria in
the Chinese Medical Association LC Clinical
Diagnosis and Treatment Guidelines (2018)
[13]; patients who were evaluated for pulmo-
nary infection according to the American
Thoracic Society classification standards, pati-
ents who were confirmed with imaging, patho-
logical, or cytological examination; patients
with detailed clinical information. Exclusion cri-
teria: patients with mental illness or mental
retardation, patients with expected survival <6
months, patients comorbid with severe func-
tional damage of heart, brain, kidney, lung, or
liver or other malignant tumor diseases, pati-
ents with pulmonary infection before operation;
patients with pulmonary infection caused by
postoperative intubation.

Clinical data collection

The data of patients were collected according
to their follow-up and the hospital information
system, including sex, age, body mass index
(BMI), history of drinking, tumor type, diabetes
mellitus (DM), hypertension, cardiovascular
diseases (coronary heart disease, myocardial
infarction, angina pectoris, heart failure and
transient cerebral ischemia), pulmonary dis-
eases (bronchitis, chronic obstructive pulmo-
nary disease, bronchial asthma, tuberculosis),
Tumor Node Metastasis (TNM) staging, chemo-
therapy regimen (cisplatin, carboplatin, neda-
platin, paclitaxel, gemcitabine, docetaxel, eto-
poside), chemotherapy cycle, pre-chemothera-
py karnofsky performance score (KPS), post-
chemotherapy white blood cell count (WBC),
post-chemotherapy albumin content, and post-
chemotherapy hemoglobin content, operation
time, and intraoperative blood loss.

Diagnostic criteria of pulmonary infection

Diagnostic criteria covered (1) body tempera-
ture >38°C; (2) peripheral white blood cell

Am J Transl Res 2023;15(5):3375-3384



Risk Factors For PPl in NSCLC

'

l

Inclusion criteria: patients who meet the diagnostic
criteria of LC in the Clinical diagnosis and treatment
guidelines of Chinese Medical Association (2018),
evaluate patients with pulmonary infection according to
the classification standard of American chest
Association, patients with NSCLC diagnosed by
imaging, pathology or cytology, all patients with
pulmonary infection within 14 days after operation,
patients with detailed clinical data.

Exclusion criteria: Patients with mental iliness or mental
retardation, patients with expected survival < 6 months,
patients comorbid with severe functional damage of
heart, brain, kidney, lung, or liver or other malignant
tumor diseases, patients with pulmonary infection before
operation.Patients with pulmonary infection caused by
postoperative intubation.

v

v

Using lasso regression to
construct risk prediction model

Logistics regression analysis
of risk factors of postoperative
pulmonary infection in patients

Establishment of a line chart
prediction model of
postoperative pulmonary
infection

Figure 1. Flow chart of patient enroliment and analysis.

counts >15x10° L; (3) clinical symptoms of
pulmonary infection such as cough and expec-
toration; (4) moist rales in the lungs, and (5)
obvious infection lesions in the lungs of the
patients. When a lung cancer patient met any
four of the above five diagnostic criteria within
14 days after operation, the patient was diag-
nosed with PPI.

Outcome measures

Primary outcome measures: A risk assessment
model for PPl was established based on lasso
regression. The main influencing factors of PPI
were analyzed by logistics regression.

Secondary outcome measures: The predictive

model was constructed by nomogram, and the
value of lasso risk score in predicting PPl in
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patients was analyzed by receiver operator
characteristic (ROC) curve.

Statistical analyses

This study used R language software (R
Foundation for Statistical Computing, Vienna,
Austria) for data screening and analysis, and
established a model. The least absolute shrink-
age and selection operator (LASSO) regression
was conducted to screen predictors of non-
zero coefficient, and logistic regression to
screen the influencing factors. The nomogram
was drawn by R (R3.5.3) software package and
rms software package. The consistency index
(C-index) was calculated by the latter, and its
clinical value was verified through ROC curves.
This study also adopted Graph Pad Prism 8.0
for data visualization. P<0.05 implied a signifi-
cant difference.
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Results
Comparison of clinical data

According to screening results of patients’
clinical data, the two groups were not greatly
different in gender, BMI, history of drinking,
hypertension, cardiovascular diseases, pulmo-
nary diseases, tumor type, pre-chemotherapy
pulmonary function, post-chemotherapy WBC,
intraoperative blood loss or post-chemothera-
py hemoglobin content (P>0.05, Table 1). Com-
pared with the non-pulmonary infection group,
the pulmonary infection group had a notably
higher proportion of patients who were over 60
years old, suffered DM, were at phase llI-IV in
TNM staging, received single-drug chemothera-
py regimen, experienced chemotherapy cycle
>2, or had post-chemotherapy albumin content
<30 g/L, pre-chemotherapy KPS <80 or opera-
tion time 2180 min (P<0.05, Table 1).

LASSO-based screening of predictors and con-
struction of risk score

According to LASSO regression analysis on
collected data, age, DM, TNM staging, chemo-
therapy regimen, chemotherapy cycle, post-
chemotherapy albumin (g/L), pre-chemothera-
py KPS and operation time were all significant
(P<0.05), and 1se and min were all accep-
table to seven indexes in lambda selection.
Therefore, ambda.1se (0.02199) was selected
for analysis (Figure 2). Based on lambda.
1se, a risk score formula was constructed:
0.0035770333 + (0.0020227686* age) +
(0.057554487* DM) + (0.016365428* TNM
staging) + (0.048514458* chemotherapy regi-
men) + (0.00871801* chemotherapy cycle) +
(-0.002096683* post-chemotherapy albumin
(g/L) + (-0.00090206* pre-chemotherapy
KPS)) + (0.000296876* operation time).

Value of LASSO-derived risk model in predict-
ing pulmonary infection in patients

Based on the risk score formula, the risk score
of each sample was acquired. According to
comparison results, the pulmonary infection
group had significantly higher risk scores than
the non-pulmonary infection group (P<0.0001,
Figure 3A). According to ROC curve-based anal-
ysis, the area under the curve (AUC) of risk
score in predicting pulmonary infection was
0.894, with a specificity of 78.57%, a sensitivi-
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ty of 91.24%, Youden index of 69.81%, and cut-
off value of <0.163. The results indicate a high
predictive value of this model (Figure 3B).

Multivariate logistic regression analysis

In order to determine whether the risk score
can serve as one independent predictor of pul-
monary infection, multivariate logistic regres-
sion was carried out on age, DM, TNM staging,
chemotherapy regimen, chemotherapy cycle,
post-chemotherapy albumin (g/L), pre-chemo-
therapy KPS, operation time and risk score. The
data were assigned before regression (Table
2). Then the backward LR method was adopted
to analyze all the data. The results showed that
TNM stage, chemotherapy cycle, chemotherapy
regimen, and risk score were independent fac-
tors for the prediction of pulmonary infection
(P<0.05, Table 3).

Construction of a nomogram risk model

Based on 4 independent predictors, a nomo-
gram model was constructed to predict the
risk of pulmonary infection in NSCLC patients
after surgery. The left endpoint of each score
line was 0, and the right endpoint was 17.5, 6,
32.5, and 100 respectively, from the TNM, with
a total score of 156 (Figure 4A). For instance,
for a patient with TNM stage of lll, a single
chemotherapy regimen, a chemotherapy cycle
of 1, and risk score of 0.171. The score was 10
+ 6 + 0 + 100=116, and the corresponding
probability of pulmonary infection was 63%
according to the nomogram model. The
Bootstrap method (after the original data was
repeatedly sampled for 1,000 times) was
adopted to verify the nomogram model inter-
nally. According to the results, the C-index of
internal verification was 0.900 (95% CI: 0.839-
0.961), and the calibration curves were well fit-
ted with the ideal ones (Figure 4B).

Discussion

This study retrospectively analyzed the risk fac-
tors for PPl in NSCLC patients, and found that
age, chemotherapy cycle, pre-chemotherapy
KPS, and risk score were predictors of PPl in
the patients. The study also successfully con-
structed a nomogram risk model for the evalu-
ation of PPI.

Without obvious manifestations in the early
stage, NSCLC has often entered the middle or
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Table 1. Comparison of clinical data

Factor Pulmonary infection Non-pulmonary infection X2 P
group (n=27) group (n=217) value value

Gender
Male 13 123 0.708 0.399
Female 14 94

Age
>60 years old 18 80 8.873 0.003
<60 years old 9 137

BMI (kg/m?)
>25 8 49 0.666 0.414
<25 19 168

History of drinking
Yes 6 56 0.162 0.686
No 21 161

Diabetes mellitus
Yes 15 60 8.783 0.003
No 12 157

Hypertension
Yes 10 90 0.195 0.658
No 17 127

Cardiovascular disease
Yes 11 78 0.238 0.625
No 16 139

Pulmonary diseases
Yes 6 62 0.481 0.488
No 21 155

Tumor type
Lung adenocarcinoma 16 135 1.030 0.597
Squamous cell carcinoma 8 69
Other 3 13

TNM staging
Phase I-II 12 152 7142 0.008
Phase llI-IV 15 65

Chemotherapy regimen
Single 14 60 6.656 0.010
Combined 13 157

Chemotherapy cycle
>2 18 81 8.573 0.003
<2 9 136

Pre-chemotherapy pulmonary function (%)
>70 17 140 0.025 0.873
<70 10 7

Post-chemotherapy white blood cell count (10°%/L)
>4 12 106 0.186 0.666
<4 15 111

Post-chemotherapy albumin (g/L)
>30 13 159 7.287 0.007
<30 14 58
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Post-chemotherapy hemoglobin (g/L)

>90 13 115 0.226 0.634
<90 14 102

Pre-chemotherapy KPS score
>80 10 138 7.097 0.008
<80 17 79

operation time
>180 min 12 40 9.688 0.002
<180 min 15 177

Intraoperative blood loss
>200 mL 10 72 0.160 0.689
<200 mL 17 145

Note: BMI: Body mass index; KPS: Karnofsky performance scale; TNM: Tumor Node Metastasis.
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Figure 2. Lasso-based screening of predictors. A, B: The coefficient distribution of the least absolute shrinkage and
selection operator (LASSO) repression analysis and the calculation of adjustment parameters (lambda) based on
partial likelihood deviation of 10 times cross-validation.
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Figure 3. The level and predictive value of risk score in patients with pulmonary infection. A: The level of risk score
in patients with pulmonary infection. B: ROC curve of risk score in forecasting pulmonary infection in patients. Note:
**% P<0.0001.

advanced stage already at the time of diagno- be treated with chemotherapy, radiotherapy,
sis, and the patient has thus lost the optimal and targeted therapy, and the 5-year survival
timing for surgical treatment, so that it can only rate is less than 15% [14]. Neoadjuvant chemo-
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Table 2. Assignment of factors

erally adopted to analyze the high-

risk factors inducing diseases in clini-

Factor Assignment
Age (years) >60=1, <60=0
Diabetes mellitus Yes =1, No =0

TNM staging
Chemotherapy regimen
Chemotherapy cycle >2=1, <2=0
Post-chemotherapy albumin (g/L) >30=0, <30=1
Pre-chemotherapy KPS >80=0, <80=1
operation time
Risk score

Phase I-ll =0, phase IlI-IV =1
Single =1, combined =0

>180 min =1, <180 min =0
>0.163=1, <0.163=0
Infection Infected =1, uninfected =0

cal practice [23]. Compared to LASSO
logistics regression for prediction of
continuous results, most clinical indi-
cators are continuous detection in-
dicators, and user-defined binary clas-
sification may cause biased model
results [24]. In this study, age, DM,
TNM staging, chemotherapy regimen,
chemotherapy cycle, post-chemothera-
py albumin (g/L), pre-chemotherapy
KPS, and operation time were found

Note: TNM: Tumor Node Metastasis.

therapy combined with surgery is a crucial
method for the therapy of NSCLC. According to
prior research [15], neoadjuvant chemotherapy
can strongly reduce the tumor volume and
staging and facilitate operation. However, not
all patients can acquire effective alleviation
after surgical treatment, and the occurrence of
postoperative complications is the key to the
patients’ prognosis [16]. PPl is a frequent and
serious complication after cancer surgery.
Postoperative infection can be triggered by var-
ious factors, such as surgical incision, pro-
longed immobility, decreased immunity, and
exposure to bacteria [17]. Reportedly, the
occurrence of pulmonary infection is associat-
ed with the clinical characteristics, treatment
factors, and immune dysfunction of patients
[18]. However, there is a great heterogeneity in
the prediction efficiency among multiple fac-
tors, and a consistent and effective prediction
model for pulmonary infection in NSCLC pati-
ents has not yet been reached [19].

In this study, the factors affecting patients’
pulmonary infection were predicted through
LASSO risk regression [20]. LASSO regression
is highly useful in the cases where the number
of predictions exceeds that of observations,
because it helps to reduce the complexity of
the model by eliminating irrelevant or redun-
dant variables [21]. Additionally, with its ability
to deal with the combination of continuous,
binary and classified predictors, LASSO regres-
sion becomes a general tool for regression
analysis [22]. Logistic regression, as a nonlin-
ear probabilistic prediction model, can help
study the association of classified observation
results with some covariates, and is thus gen-
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to be correlated with pulmonary infec-
tion. Subsequently, all eight factors
were verified to be prognostic factors
for pulmonary infection through LASSO regres-
sion analysis. The risk model is adopted to
quantify the probability of specific events,
which is crucial in efficacy prediction, disease
diagnosis, and prognosis evaluation [25].
According to the model coefficient, a risk mo-
del of pulmonary infection was constructed.
According to the calculation of a risk score for-
mula, infected patients had a notably higher
risk score than non-infected patients, and the
ROC-AUC of risk score in predicting pulmonary
infection of patients was 0.894, indicating a
high clinical value of the risk model construct-
ed by LASSO in predicting PPl of NSCLC
patients.

Finally, this study determined the independent
predictive value of risk score in PPl of NSCLC
patients. According to Logistic regression an-
alysis, TNM staging, chemotherapy cycle, che-
motherapy regimen, and risk score were inde-
pendent factors for pulmonary infection predic-
tion. With the aggravation of the patient’s
condition, the function of various tissues and
organs deteriorates, which results in degenera-
tive changes in lung structure and function,
decreased respiratory muscle tension, and cor-
respondingly weakened tolerance to surgery,
making the patients more prone to pulmonary
infection [26].

Additionally, the chemotherapy cycle was found
to have a strong correlation with patients’ infec-
tion, which is mainly because with the increase
of the number of chemotherapy cycles. Patients
have weakened immunity, worse constitution
and gradually reduced tolerance, thus facing a
higher risk of infection [27]. It is well known that
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Table 3. Multivariate logistic regression analysis

95% Cl
Factor B SE Wals Pvalue OR value — —
Lower limit ~ Upper limit
Age 0.993 0.580 2.936 0.087 2.700 0.867 8.407
Diabetes mellitus 0.029 0.615 0.002 0.963 1.029 0.308 3.437
TNM staging 2.210 0.671 10.853 0.001 9.117 2.448 33.953
Chemotherapy regimen 1.364 0.590 5.357 0.021 3.913 1.232 12.427
Chemotherapy cycle 1.587 0.613 6.694 0.010 4.888 1.469 16.262
Post-chemotherapy albumin 0.766 0.598 1.641 0.200 2.150 0.666 6.938
Pre-chemotherapy KPS 0.573 0.591 0.938 0.333 1.773 0.556 5.651
Operation time -0.210 0.681 0.095 0.758 0.810 0.213 3.080
Risk score 3.997 0.681 34.431 <0.001 54.434 14.324 206.866
Note: TNM: Tumor Node Metastasis.
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Figure 4. Nomogram risk model. Note: TNM: Tumor Node Metastasis.

chemotherapy increases the risk for infection
in cancer patients, including postoperative lung
infection. The specific chemotherapy regimen
adopted may also affect the risk of PPI. A prior
study has found that patients receiving plati-
num-based regimens/neoadjuvant chemother-
apy may face a higher risk of PPI than patients
who received non-platinum-based regimens/
no neoadjuvant chemotherapy [28]. In this
study, risk score was found to be an indepen-
dent predictor of PPl in NSCLC patients, indicat-
ing the possibility of using risk score as an
independent predictor of PPl in NSCLC pa-
tients. At the end of the study, a nomogram was
constructed based on the logistic regression
results. Nomogram is a graph based on multi-
variate regression model, which integrates mul-
tiple prediction indexes and is drawn by several
calibrated line segments. It can visualize com-
plex data, making the prediction model more
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intuitive and readable, and facilitating individu-
alized risk assessment of patients. In order to
avoid over-fitting, C-index, calibration curve,
ROC curve and decision curve can be adopted
for model verification to make the results more
reliable. In this study, the results showed that
the C-index of internal verification was 0.900
(95% CIl: 0.839-0.961), and the calibration
curves were well fitted with the ideal ones,
which verified a high prediction accuracy of the
nomogram model in forecasting pulmonary
infection.

This study has successfully constructed a risk
model for pulmonary infection based on LASSO
regression and logistics regression. However, it
still has some limitations. First, the samples
enrolled in this study are relatively few, so we
are unable to divide the data into verification
sets and training sets to verify the effective-
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ness of the model internally. Second, in such a
single-center study, whether the model is uni-
versal or not needs more data support. There-
fore, we hope to collect more data in future
research to improve the research conclusions.

To sum up, the prediction model based on a
regression model for PPl of NSCLC patients
demonstrates good predictive efficiency, which
is conducive to early screening of high-risk
patients and further improvement of treatment
regimen.
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