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Background: There are limited data on the association between bronchial colonization and respiratory 
infections in people with lung cancer requiring cytotoxic chemotherapy. We investigated whether 
bronchial colonization in initial bronchoscopy specimens can predict the development of pneumonia after 
chemotherapy in patients with lung cancer.
Methods: Four hundred thirteen patients with lung cancer included in the Catholic Medical Center lung 
cancer registry were enrolled from March 2015 to August 2018. Demographic data, microbiology results, 
development of pneumonia after chemotherapy, and clinical information about lung cancer were analyzed 
retrospectively. 
Results: A total of 206 lung cancer patients treated with chemotherapy were included in the analysis. 
Forty patients (19.4%) had positive results for the bronchial washing culture during the initial evaluation 
of lung cancer. The most common organisms were Klebsiella pneumoniae (n=14) and Streptococcus pneumoniae 
(n=6) in the surveillance culture, and Pneumocystis jirovecii (n=12) and Staphylococcus aureus (n=8) at the time 
of pneumonia development. Eighty-nine patients (43.2%) had pneumonia after chemotherapy, but the 
occurrence of pneumonia did not differ according to the colonization. There were no patients for whom 
the initial isolated organism was a causative microbe for the development of pneumonia after or during 
chemotherapy. The pneumonia group had poorer prognosis than the non-pneumonia group (378 vs. 705 days,  
P=0.0004).
Conclusions: Microbial colonization in bronchoscopy specimens was not associated with pneumonia 
development or mortality after chemotherapy for lung cancer. This finding suggests that testing surveillance 
culture may not be helpful for predicting pneumonia or improving survival in lung cancer patients with 
chemotherapy.
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Introduction

Pneumonia occurs often in cancer patients. For example, 
about 20% of leukemia patients receiving chemotherapy 
and 80% of hematopoietic stem cell transplant recipients 
experience pulmonary complications (1,2). Lung cancer 
patients treated with cytotoxic chemotherapy are vulnerable 
to infection because of impaired immunity. Advanced age, 
poor performance status, the pathologic type of lung cancer 
(e.g., squamous cell carcinoma), obstructed pattern of lung 
function, and accompanied neutropenia are known risk 
factors for pneumonia during cytotoxic chemotherapy in 
lung cancer patients (3-5). 

The use of surveillance culture is an effective strategy for 
infection control. Monitoring the presence of vancomycin-
resistant enterococci in a rectal swab or methicillin-resistant 
Staphylococcus aureus (S. aureus) in a nasal swab is a widely 
used surveillance method because colonization of these 
microorganisms acts as a reservoir for transmission to other 
patients and is associated with mortality (1). In our previous 
study of liver transplant recipients, positive sputum culture 
results at the time of and 5 and 10 days after transplantation 
were associated with post-transplantation pneumonia (6).  
Mechanically ventilated patients with heavy tracheal 
colonization with S. aureus or gram-negative organims have 
a higher risk of developing ventilator-associated pneumonia 
by these microbes (7,8). In two reports of patients with 
resectable lung cancer, preoperative bronchial colonization 
predicted postoperative pneumonia and correlated with 
mortality (9,10). In real practice, when a patient with 
lung cancer develops pneumonia, it is not unusual for 
clinicians to choose specific antibiotics considering previous 
microbiologic results obtained from respiratory specimens.

 There are limited data on the clinical efficacy of 
checking for bronchial colonization in lung cancer patients 
treated with chemotherapy (11,12). The aim of this study 
was to investigate whether bronchial colonization observed 
by bronchoscopy during an initial examination would 
predict the development of pneumonia after chemotherapy 
in patients with lung cancer. We present the following 
article in accordance with the STROBE reporting checklist 
(available at http://dx.doi.org/10.21037/jtd-20-2722). 

Methods

Data source

The Catholic Medical Center lung cancer registry is a 
web-based database in which all patients are enrolled when 

diagnosed with lung cancer in any of seven multicenters 
(Seoul St. Mary’s Hospital, Yeouido St. Mary’s Hospital, St. 
Paul’s Hospital, Uijeongbu St. Mary’s Hospital, Bucheon 
St. Mary’s Hospital, Incheon St. Mary’s Hospital, and St. 
Vincent’s Hospital) in the South Korean capital region 
since October 2014. To improve the accuracy of the data, 
qualified data managers systematically record all clinical 
information including stage, pathology, treatment modality, 
and survival in this database. Using this registry, we 
reviewed the medical charts of patients diagnosed with lung 
cancer in Seoul St. Mary’s Hospital and Bucheon St. Mary’s 
Hospital from March 2015 to August 2018. This study was 
approved by the Clinical Research Ethics Committee of the 
Catholic Medical Center (XC140IMI0070).

Data collection

All patients who received a bronchoscopy examination and 
who had the microbiology results from bronchial specimens 
obtained during the initial evaluation of their lung cancer 
in the registry were enrolled retrospectively. Patients with 
concurrent pneumonia at the time of diagnosis of lung 
cancer were excluded. We collected baseline demographic 
characteristics including age, sex, body mass index (BMI), 
smoking history, comorbidities, pathologic type of lung 
cancer, presence of neutropenia, pulmonary function test 
results, clinical staging, treatment modalities, and line 
of therapy. We were especially interested in identifying 
patients who developed pneumonia after treatment with 
chemotherapy for their malignancy according to the initial 
bronchial colonization.

Respiratory samples were obtained by bronchial washing 
or brushing of the distal bronchi near the tumor lesion. 
To acquire a 20 ml sample, 40-50 ml of saline washing 
fluid was used. Routine microbiology evaluation included 
bacterial culture, polymerase chain reaction (PCR) tests 
for Mycoplasma pneumoniae and Mycobacterium tuberculosis, 
acid-fast bacilli stain/culture, and fungus culture. Samples 
from some patients were also analyzed using PCR methods 
to detect respiratory virus or Pneumocystis jirovecii (P. 
jirovecii) according to the attending clinician’s decision. 
For samples from patients who developed pneumonia after 
chemotherapy, similar microbial analyses were performed 
using bronchial samples or sputum if available. All 
microbiologic samples were processed for bacterial culture 
using a VITEK GNI automated system (bioMérieux, MO, 
USA). Species identification and antimicrobial susceptibility 
were tested using the VITEK GNI automated system 
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according to Clinical and Laboratory Standards Institute 
criteria (13). Colonization was defined as isolation of 
microorganisms without the presence of typical pneumonia 
as reported in previous studies (14,15).

Criteria for diagnosing pulmonary infection

Pneumonia was defined as the presence of new or 
progressive infiltration on chest radiography or computed 
tomography (CT), together with either unexplained fever 
or purulent sputum (1). Microbiologic evidence, including 
positive blood cultures or isolation of pathogen(s) from 
the sputum or bronchial specimens, was not a compulsory 
diagnostic criterion. The differential diagnosis of pulmonary 
infiltration included noninfectious mimics such as leukemic 
infiltration, drug toxicity, pulmonary edema or hemorrhage, 
or the progression of underlying malignancy. We also 
excluded radiation pneumonitis as shown on chest CT as a 
relatively sharp demarcated consolidation or ground-glass 
opacity within limited radiation fields. 

Statistical analysis

Pearson’s chi-square test or Fisher’s exact test was used 
where appropriate to compare discrete variables, and 
Student’s t test or Mann-Whitney U test was used to 
compare continuous variables. Survival analysis was 
performed using Kaplan-Meier analysis. A two-sided P 
value <0.05 was considered to be significant. The GraphPad 
Prism statistical software package (San Diego, CA, USA) 

was used for the analyses.

Ethical statement

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). This study 
was approved by the Clinical Research Ethics Committee 
of the Catholic Medical Center (XC140IMI0070). Due 
to retrospective nature of this study, the need for patient 
consents was waived.

Results

A total of 413 patients were diagnosed with lung cancer. 
We excluded 73 of these patients who were under 
palliative care, 25 who underwent surgery, 58 who were 
treated with a tyrosine kinase inhibitor (TKI), seven who 
underwent stereotactic body radiation therapy, four who 
underwent palliative radiation therapy, 14 who did not have 
bronchoscopy evaluation for microbiology, one who had 
an accompanying hematologic malignancy, and 25 who 
were transferred to other medical centers. Finally, a total of 
206 lung cancer patients who underwent a bronchoscopy 
examination at the initial evaluation of malignancy and were 
treated with cytotoxic chemotherapy were included in the 
analysis (Figure 1). 

Among the 206 lung cancer patients, 120 patients 
underwent bronchial washing and 86 patients underwent 
bronchial washing and brushing. Forty patients (19.4%) 
had positive microbial results in their bronchial specimens 

Figure 1 Study profile. TKI, tyrosine kinase inhibitor; SBRT, stereotactic body radiation therapy; RT, radiation therapy
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(microbial colonized group: 24 bronchial washing, 16 
bronchial washing/brushing). The microbial colonized 
and noncolonized groups did not differ significantly on 
mean age, ratio of male to female patients, comorbidities, 
BMI, smoking history, type or staging of lung cancer, and 
pulmonary function such as forced expiratory volume in 1 s  
(Table 1). The most commonly isolated organisms were 
Klebsiella pneumoniae (K. pneumoniae) (n=14), followed by 
Streptococcus pneumoniae (S. pneumoniae) (n=6), S. aureus 
(n=5), nontuberculous mycobacteria (NTM) (n=4), 
Aspergillus species (n=3), Pseudomonas aeruginosa (n=2), and 
Candida glabrata (n=2) (Table 2). 

A total of 89 patients (43.2%) had 116 pneumonia 
episodes: 22 cases in the microbial colonized group vs. 
94 cases in the noncolonized group. However, the rate 
of occurrence of pneumonia did not differ significantly 
between the two groups: 42.5% (17/40) vs. 43.4% (72/166), 
respectively (P=0.920). The interval to the first development 
of pneumonia from the initial bronchoscopy for surveillance 
culture or from the initial chemotherapy date was shorter 
in the microbial colonized group than in the noncolonized 
group (median 129 vs. 174 days and 112 vs. 154 days, 
respectively), but the difference between groups was not 
significant (Table 3). The percentage of patients with severe 
pneumonia requiring admission were similar between the 
colonized and noncolonized groups: 37.5% (15/40) vs. 
39.8% (66/166) (P=0.645). 

 In the microbial colonized group, 20 of 22 episodes 
of pneumonia after systemic chemotherapy had results 
data from a sputum study for the evaluation of the 
pathogens. Ten patients had positive microbial results: 
three exhibited P. jirovecii, three S. aureus, and one each 
M. pneumoniae, Acinetobacter baumannii, K. pneumoniae, 
Rothia mucilaginosa, NTM, Aspergillus, cytomegalovirus, 
and influenza. Interestingly, in no case was the organism 
found in the initial culture the same as that isolated during 
the development of pneumonia. In five patients for whom 
Mycobacterium species were isolated using the culture 
method at the initial bronchoscopic examination, one 
patient with M. tuberculosis was treated with antituberculous 
medication and four patients with NTM (one with M. 
intracellulare, one with M. avium, and two with subspecies 
not identified) were not treated. During the follow-up, only 
one patient exhibited progression of NTM lung disease. 
In the evaluation of causative microbe in the patients with 
pneumonia, the most frequently cultured pathogens were, 
in order, P. jirovecii [12], S. aureus [8], NTM [6], and K. 
pneumoniae [5] (Table 4). 

The overall mortality rate did not differ significantly 
between the colonized and noncolonized groups: 55.0% 
(22/40) vs. 60.2% (100/166), respectively (P=0.545). 
Moreover, the pneumonia-related mortality rate did not 
differ significantly between the two groups: 15.0% (6/40) 
vs. 21.1% (35/166), respectively (P=0.387) (Table 3).  
Experiencing pneumonia during chemotherapy was 
associated with a shorter median overall survival: 378.0 days 
in the pneumonia group vs. 705 days in the nonpneumonia 
group (P=0.0004) (Figure 2). The median follow-up time for 
the time of the onset of pneumonia and of overall survival 
were 636 days (95% confidence interval, 532–739) and 1,054 
days (868–1,241 days), respectively. The overall survival of 
patients with lung cancer requiring chemotherapy did not 
differ significantly according to the presence of microbial 
colonization in the initial bronchoscopy examination or 
occurrence of neutropenia during chemotherapy (P=0.676 
and P=0.361, respectively; data not shown). 

Discussion

This study investigated the clinical impact of bacterial 
co lonizat ion ident i f ied  by  the  in i t ia l  d iagnost ic 
bronchoscopy on later pneumonia development and 
clinical outcomes in lung cancer patients treated with 
cytotoxic chemotherapy. A positive microbial culture in the 
bronchial specimens was not associated with pneumonia 
occurrence or infection-related mortality during or after 
cytotoxic chemotherapy in these patients with lung cancer. 
Understandably, pneumonia occurrence was associated with 
poorer survival in the patients. 

In the current study, the clinical impact of the initial 
bronchial colonization on the pneumonia incidence or 
overall survival was not significant in the patients with lung 
cancer treated with chemotherapy. Data on the association 
between bronchial colonization and respiratory infections 
in lung cancer are scarce, especially in those treated with 
systemic chemotherapy, as in our patients. In previous 
studies focusing on lung cancer patients undergoing major 
lung resection, bronchial colonization was associated 
with postoperative pneumonia, the need for mechanical 
ventilation, and longer stays in the intensive care unit and 
hospital (10,16). In a prospective study that enrolled patients 
with lung cancer requiring treatment, colonized patients 
with lung cancer had a higher bronchopulmonary infection 
rate and poorer survival than noncolonized patients (12). 
By contrast, other studies reported that airway colonization 
is not related to pneumonia development, consistent 
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Table 1 Demographic characteristics of lung cancer patients treated with systemic chemotherapy

Microbial colonized group (n=40) Microbial noncolonized group (n=166) P value

Age, y 66.70±8.57 66.98±8.63 0.622

Male 35 (87.5%) 130 (78.3%) 0.191

Other comorbidities

COPD 10 (25.0%) 38 (22.9%) 0.777

Diabetes mellitus 12 (30.0%) 40 (24.1%) 0.440

Hypertension 20 (50.0%) 64 (38.6%) 0.186

Old TB 6 (15.0%) 25 (15.1%) 0.992

Other cancers* 7 (17.5%) 21 (12.7%) 0.422

BMI 23.24±3.31 23.44±3.33 0.724

Smoking 0.480

Never 6 (15.0%) 33 (19.9%)

Former 18 (45.0%) 62 (37.3%)

Current 16 (40.0%) 71 (42.8%)

Pack-year 50.00±25.17 42.10±24.94 0.292

Type of lung cancer 0.266

NSCLC 33 120

Adeno Ca 19 (57.6%) 69 (57.5%)

Squamous cell Ca 14 (42.4%) 47 (39.2%)

Adenosquamous cell Ca 0 (0%) 3 (0.03%)

Large cell Ca 0 (0%) 1 (0.01%)

SCLC 7 42 

Other types‡ 0 4

Stage of lung cancer

NSCLC§ 33 124 0.256

I 10 (30.3%) 20 (16.7%)

II 3 (9.1%) 11 (9.2%)

III 11 (33.3%) 42 (35.0%)

IV 9 (27.3%) 51(42.5%)

SCLC 7 42 0.098

Limited disease 1 (14.3%) 23 (54.7%)

Extended disease 6 (85.7%) 19 (45.2%)

Endobronchial involvement 18 (45.0%) 82 (49.4%) 0.617

FEV1, % pre 76.98±21.58 78.93±20.71 0.598

DLCO, % pre 76.65±22.22 72.41±19.71 0.253

The data are presented as mean ± SD or n (%) unless otherwise indicated. *Other cancers (n): stomach ca (8), hepatocellular ca (2),  
bladder ca (3), uterine ca (1), thyroid ca (1), ovary ca (1), glottic ca (1), pancreatic ca (1), tonsil ca (1), rectal ca (1); ‡Other types (n): pleomorphic  
carcinoma (1), SCLC combined with adenocarcinoma component (1), SCLC combined with squamous cell carcinoma component (1), large 
cell neuroendocrine carcinoma (1); §NSCLC in this context included other types‡ excluding SCLC. SD, standard deviation; COPD, chronic 
obstructive pulmonary disease; TB, tuberculosis; BMI, body mass index; NSCLC, non-small cell lung cancer; Ca, carcinoma SCLC, small 
cell lung cancer; FEV1, forced expiratory volume in one second; DLCO, diffusion capacity of the lung for carbon monoxide.
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Table 2 Pattern of organisms isolated from initial bronchoscopy 
specimens in the microbial colonized group with lung cancer

Organism* N 

Klebsiella pneumoniae 14

Streptococcus pneumoniae 6

Staphylococcus aureus 5

Pseudomonas aeruginosa 2

Raoultella planticola 2

Citrobacter freundii 1

Enterobacter aerogenes 1

Morganella morganii 1

Proteus mirabilis 1

Staphylococcus agalactiae 1

Mycobacterium tuberculosis 1

Nontuberculous mycobacterium 4

Aspergillus spp. 3

Candida glabrata 2

Mucormycosis 1

*More than one organism was cultured in some patients. 

Table 3 Pneumonia episodes and clinical outcomes according to bronchoscopy surveillance cultures in lung cancer patients treated with systemic 
chemotherapy

Bronchoscopy results

P valueMicrobial colonized 
group (n=40)

Microbial noncolonized 
group (n=166)

Number of patients with pneumonia 17 (42.5%) 72 (43.4%) 0.920

Interval from the initial bronchoscopy to the first pneumonia, days 129 (24–664) 174 (15–1,349) 0.421

Interval from the initial bronchoscopy to the onset of chemotherapy, days 23 (6–113) 12 (0–49) 0.083

Interval from the initial chemotherapy day to the first pneumonia, days 112 (8–658) 154 (5–1,333) 0.246

Admission due to pneumonia 15 (37.5%) 66 (39.9%) 0.645

Neutropenia during chemotherapy 15 (37.5%) 82 (49.4%) 0.176

Overall mortality 22 (55.0%) 100 (60.2%) 0.545

Pneumonia related mortality 6 (15.0%) 35 (21.1%) 0.387

The data are presented as n (%) unless otherwise indicated. 

Table 4 Patterns of isolated organisms from respiratory specimens  
obtained from the 47 cases of pneumonia developed after  
chemotherapy for lung cancer 

Organism* Number 

Acinetobacter baumannii 3

Klebsiella pneumoniae 5

Streptococcus pneumoniae 2

Staphylococcus aureus 8

Pseudomonas aeruginosa 2

Mycoplasma pneumoniae 2

Escherichia coli 1

Klebsiella oxytoca 1

Stenotrophomonas maltophilia 1

Rothia mucilaginosa 1

Mycobacterium tuberculosis 1

Nontuberculous mycobacterium 6

Pneumocystis jirovecii 12

Aspergillus spp. 4

Virus 3 (1 influenza,  
1 cytomegalovirus,  

1 Parainfluenza)

*More than one organism was detected in some patients.
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with our results (11,17). This controversial result may 
reflect differences in the study population, use of various 
methods to acquire respiratory samples, and definition of 
colonization. 

Our study produced some peculiar findings. There were 
no cases in which the initial cultured organisms in the 
microbial colonized group led to subsequent pneumonia 
after chemotherapy. In addition, the mean interval from the 
bronchoscopy evaluation of colonization to the detection of 
pneumonia was >4 months in both the colonized and non 
colonized groups, which is longer than the mean interval of 
<1 month in previous studies (7,10,16), all of which reported 
an association between colonization and pneumonia. An 
interval of 4 months appears to be sufficient for colonized 
organisms to change or disappear. At the time of pneumonia 
after chemotherapy, P. jirovecii was the most commonly 
detected pathogen, and other opportunistic microbes such 
as NTM and virus were frequently isolated. By contrast, the 
two major bacteria species isolated in the initial surveillance 
culture, K. pneumoniae and S. pneumoniae, did not contribute 
significantly to later pneumonia development. These results 
lead us to suggest that surveillance culture of the airway, 
especially in patients without initial evidence of pneumonia, 
may not be a good predictor of the later development of 
pneumonia or mortality in lung cancer patients, at least in 
our setting. 

We confirmed the previous finding that the occurrence 

of pneumonia caused poor prognosis in lung cancer 
patients who received chemotherapy irrespective of the 
presence of initial colonization (18). The incidence of 
pneumonia development among lung cancer patients 
in the current study was 43.2%, higher than the 33% 
reported in the others (11,18). The difference rates may 
be due to differences in the study populations. One-
third of the patients in our study had early lung cancer 
(stage I/II non-small cell lung cancer and limited disease 
in small cell lung cancer) and, consequently, they had a 
longer follow-up, which was reflected in a higher rate 
of diagnosing pneumonia development. Several possible 
reasons may explain why lung cancer is associated with 
frequent occurrence of pneumonia. Defects in the lung-
clearance system, such as low mucociliary function because 
of chemotherapy or structural deformity due to bronchial 
involvement in the tumor, are a crucial mechanism of 
pneumonia development (19,20). Another important 
cause of respiratory infection, especially by opportunistic 
pathogens such as P. jirovecii or cytomegalovirus, is the 
presence of an immunosuppressive state, including an 
imbalance of T-lymphocyte subsets because of intensive 
chemotherapy or malnutrition (20). Interestingly, we 
observed that the microbial colonized group had a shorter 
time to pneumonia development than the noncolonized 
group, although the difference was not statistically 
significant. This finding suggests that some patients’ 
characteristics that increase the risk for colonization may 
also make them vulnerable to the occurrence of pneumonia.

Recently, the incidence of nontuberculous mycobacterial 
lung disease has increased rapidly in South Korea as well as 
globally (21). In our study, four patients with lung cancer 
had a positive culture for NTM in the initial bronchoscopy 
specimens and were followed up without management 
for it. Only one had persistent culture for NTM (M. 
intracelluare) and experienced slow progression of the lung 
lesion by the microbe. In addition, NTM was not previously 
isolated in the six patients whose samples were positive 
for this organism at the time of pneumonia development, 
and one case had result for subspecies identification (M. 
massiliense). Interestingly, all of the above patients whose 
samples exhibited NTM were not treated, and only a few 
cases were tested to identify the subspecies. To confirm that 
NTM is a true pathogen or colonization, clinicians should 
monitor relevant findings in NTM lung disease and repeat 
microbiologic tests including verification at subspecies level. 

Our study has some limitations. First, this was a 
retrospective study. The microbes tested in the initial 

Figure 2 Comparison of survival probability according to 
occurrence of pneumonia in lung cancer patients treated with 
chemotherapy. Median overall survival 378 days in pneumonia 
group vs. 705 days in non-pneumonia group. Pn+, development of 
pneumonia; Pn−, no development of pneumonia; CI, confidence 
interval.
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surveillance did not include various opportunistic pathogens 
diagnosed using the PCR test, and these microbes were 
substantial causes of pneumonia development in our 
study. However, clinically, it is not possible to assess every 
organism only for surveillance considering the high costs 
involved and lack of medical resources. We believe that the 
results of our study reflect the situation in real practice. 
Second, 14 of 40 patients in the colonized group were 
treated with antibiotic therapy during the initial admission. 
A main reason for antibiotics use was that patients had 
respiratory symptoms such as dyspnea, hemoptysis or cough/
sputum, but not typical features of pneumonia, and the 
clinicians decided to prescribe the medication empirically. 
Although a type of antibiotics was not changed after 
obtaining the microbial results, the antibiotics use might be 
a crucial factor to clear the colonized bacteria. Third, we 
differentiated colonization from infection according to a 
clinical decision, but the quantification of microorganisms 
is a more accurate and objective way to define colonization. 
Finally, because clinical and radiographic findings may 
not always be apparent because of a disordered host 
inflammatory response in neutropenic cancer patients, it is 
possible that some pneumonia patients were not included. 

In conclusion, we found that the rate of microbial 
colonization in initial bronchoscopy specimens was 19.4% 
in patients with lung cancer who underwent subsequent 
chemotherapy and bronchial colonization was not 
associated with pneumonia development or mortality after 
chemotherapy in these patients. These findings suggest that 
surveillance culture in the airway may not to be helpful to 
predict pneumonia or to improve survival in lung cancer 
patients, at least in a clinical setting similar to ours.
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