
index of about 50 in 100,000, and in women it
is the fourth most common in respect of the
frequency of occurrence (the morbidity index
is about 8 in 100,000). All together every year
about 20,000 new cases of the disease are
recorded, and at the same time about 18,000
people die of lung cancer (in 1990 the number
of deaths amounted to 19,301, and in 1998 to
about 17,000 with the average death rate of
44.2).1,2

The main causes of death in patients with
lung cancer are local progression of the dis-
ease, metastases to remote organs and the
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Lung cancer is the most common malignant
tumour in men in Poland, with the morbidity
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Background. Lung cancer is a very serious clinical problem in departments of pulmonary diseases. In many
patients with lung cancer pneumonia is a secondary cause of death, which is caused not only by the pro-
gression of the disease but also by the applied treatment negatively influencing the immunity of human or-
ganism. Clinical and radiological symptoms of the infection can frequently suggest the progression of neo-
plastic disease. That is why in each case of deterioration of the state of patients with lung cancer the pro-
per diagnosis of the cause should be endeavoured in order to implement the right therapeutic procedures.
Patients and methods. We have retrospectively evaluated 70 patients who died in the period between
1997and 1999 in our Department due to lung cancer. Both clinical and bacteriological analyses of deaths
were performed and a particular interest in pneumonia as a cause of deat was taken.
Results. Pneumonia was diagnosed in 41 patients with lung cancer (58.5%) and Streptococcus pneumoni-
ae was the main etiological factor of pulmonary infection. In patients with SCLC, the extent of inflamma-
tory changes on chest X-ray and white blood cell count correlated negatively with the period of hospitalisa-
tion (R = -0.6 and R = -0.54; p<0.05, respectively).
Conclusions. Lung cancer was the main cause of death in patients died in the Department of Tuberculosis
and Pulmonary Diseases, Medical University of Łódź. Pneumonia was diagnosed in 58.5 % as a secondary
cause of death in lung cancer patients.
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respiratory system infections.3,4 Infections
are the most frequent complications that
break out by the treatment in this group of
patients. The occurrence of infections is relat-
ed to the immunological disorders connected
with neoplasmatic disease, its location and
progression as well to antineoplasmatic treat-
ment. Among the factors favouring the respi-
ratory system infections are mainly the ones,
which are evoked by the presence of neo-
plasm in the respiratory system and its
metastases to other organs.

The microorganisms responsible for infec-
tions in lung cancer patients may be bacteria,
viruses, fungi and protozoa.2,5 There have
even been recorded some cases of infection
caused by nemathelminthes. A patient with
impaired immunity is primarily (by neoplas-
matic disease) and secondarily (by the treat-
ment) is exposed to the infection with
pathogens and also with saprophytes (oppor-
tunistic infections).6,7

The aim of this research was a retrospec-
tive clinical and bacteriological analysis of
deaths in lung cancer patients treated in the
period between 1997 and 1999 in the
Department of Tuberculosis and Pulmonary
Diseases at the Medical University of Łódź,
taking a particular interest in pneumonia as a
cause of death.

Material and methods

The extent of the advancement of neoplas-
matic disease was estimated on the basis of
the physical examination, chest radiographs,
chest and brain computed tomography, bron-
chofibroscopy and ultrasonographic exami-
nation of the abdominal cavity. Pneumonia
was diagnosed on the basis of the following
criteria: increased cough, purulent sputum,
dyspnoea, increase in body temperature, rise
in WBC (white blood cell count) and the oc-
currence of new infiltrates in chest radi-
ographs.

A microbiological examination of the spu-
tum was performed according to the Mulder-
Lanyi method.8,9 The sputum was collected
into the Petri container in the morning, after
washing of the mouth with water. This mate-
rial was immediately sent to the Laboratory
Department. Before the examination the spu-
tum is 3-5 times washed by sterile 0.9% NaCl
and the pus flakes are separated. Two prepa-
rations were made: Pappenheim for the cyto-
logical examination and Gram for the bacte-
rioscopic one. Then the culture was per-
formed and antibiotic sensitivity was denot-
ed. The criteria of the infection covered: cyto-
logical examination, contents of eosinophils,
Gram stain and culture.

Patient’s characteristics

The total of 116 patients who died in the
Department of Tuberculosis and Pulmonary
Diseases at the Medical University of Łódź in
the period between 1997 and 1999 were ex-
amined retrospectively. The primary cause of
death in 70 of them (60%) was lung cancer (23
women, 47 men). As for the rest of patients
the cause of death was COPD (25%), and a
few others, such as tuberculosis, pulmonary
fibrosis, pulmonary embolism, circulatory
failure (15%). Fifty-one patients (73%) with
lung tumour were diagnosed histologically:
small cell lung cancer (SCLC) was diagnosed
in 15 patients (6 women, 9 men), and non-
small cell lung cancer (NSCLC) in 36 (5
women, 31 men). In 19 patients (12 women, 7
men) the type of neoplasm was not deter-
mined, and the diagnosis was given on the
basis of the cytological examination of the
sputum or bronchoscopic specimens (diagno-
sis: neoplasmatic cells). The average age of
patients was 64.8 ± 11.8 years (SCLC: 62.8 ±
11.5; NSCLC: 63 ± 11.4). The extended dis-
ease (ED) was diagnosed in 13 (87%) patients
with SCLC, the limited disease (LD) in 2
(13%). In the group with NSCLC the occur-
rence of metastases was detected in 12 pa-
tients (33%): clinical stage IV, and the rest of
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patients were classified as stage III B. The
mean disease period was 8.9 ± 4.6 months
(median: 9 months) (SCLC: 8.6 ± 3.7 vs.
NSCLC: 10.4 ± 4.8; p>0.05) and the average
hospitalisation period was 7.8 ± 4.6 days
(SCLC: 7.1 ± 4.3; NSCLC: 8.4 ± 4.8). All pa-
tients were smokers and the mean cumulated
cigarette consumption was 40.9 ± 18.8 pack-
years (SCLC: 37.0 ± 23.0; NSCLC: 41.6 ±
19.7).

The basic method of the treatment in pa-
tients with SCLC is chemotherapy. PE (cis-
platin and ethoposide in six 3-day courses
every 21 days) was the most often applied
scheme among the examined patients (n=7).
Not all the patients were given the full
scheme (n=5) considering the lack of re-
sponse or fairly large intensification of side
effects. Alternatively the scheme CAV (cy-
clophosphamide, adriblastine and vin-
cristine) was applied (n=2). In LD SCLC pa-
tients chemotherapy was supplemented with
radiotherapy. The patients with NSCLC were
covered by the palliative care. All patients re-
ceived glucocorticoids (prednisone 20
mg/day).

Statistical analysis

The results were presented as an average val-
ue ± a standard deviation. Statistical differ-
ences were determined with the t-test or
Kolmogorov-Smirnov test. Survival curves
were constructed according to the Kaplan-
Meier method and differences in the survival
were compared with the log-rank test.
Correlations were expressed as Pearson’s or
Spearman’s coefficient depending on data

distribution. A p value of < 0.05 was consid-
ered significant.

Results

Pneumonia was diagnosed as the secondary
cause of death in 41 patients (58.5%). In the
radiographs inflammatory changes occupy
3.4 ± 1.4 lung fields on average. In the blood
examination no considerable changes were
observed except the increased WBC (Table 1).
There were no differences between measured
routine panel blood parameters in SCLC and
NSCLC patients.

The bacteriological diagnosis was given
only in 6 patients (all with NSCLC) with
pneumonia (8.5%) and Streptococcus was the
most common evoking factor (Table 2).

All the patients with a diagnosed infection
were subjected to the antibiotic therapy. The
most frequently applied drugs were
cephalosporins of II and III generation (n=15;
36.6%) and amoxicillin with clavulanic acid
(n=6; 21.9%).

The autopsy was conducted in 4 patients
(5.7%). In each case pneumonia was con-
firmed as a secondary cause of death.
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Table 1. Blood examination in patients with lung cancer and pneumonia
Lung cancer (mean) NSCLC SCLC

Erythrocytes (106/µl) 4.4 ± 0.9 4.5 ± 0.9 3.9 ± 0.9
Hb (g/dl) 12.4 ± 2.6 12.5 ± 2.8 11.6 ± 2.8
Htc (%) 38.2 ± 7.8 38.5 ± 8.5 35.5 ± 8.3
MCHC (g/dl) 32.4 ± 0.9 32.4 ± 0.9 32.5 ± 1.1
Leucocytes (103/µl) 12.2 ± 7.0 13.1 ± 6.9 12.2 ± 8.4
Thrombocytes (103/µl) 294.5 ± 168.5 332.5 ± 180.0 236.8 ± 141.9

Table 2. Bacteriological examination in patients with
lung cancer and pneumonia

Etiologic agent Number of patients (%)
Streptococcus sp. 3 50
Proteus sp. 2 33
M. tuberculosis 1 17
Total 6 100



The survival median in the examined
group was 9 months (Figure 1). For patients
with SCLC it was 8 months, and with NSCLC
12 months (p>0.05). The correlation analysis
of the examined parameters indicated that in
the group of patients with SCLC the period of
hospitalisation correlated negatively to WBC
(R = -0.54; p<0.05) and the extent of inflam-
matory changes on radiological pictures (R = -
0.6; p<0.05) (Figure 2). In the same group of
patients the positive correlation between the
extent of inflammatory changes on chest x-
ray and WBC was found (R = 0.68; p<0.05).

The local progression of lung cancer (n=20)
or the circulatory failure (n=9) were the cause
of death in the rest of the patients.

Discussion

During the examined period in the
Department of Tuberculosis and Pulmonary
Diseases of the Medical University of Łódź
the most common primary cause of death
was the lung cancer (60%). It is estimated that
about 75-80% of all patients with lung cancer
are patients with the diagnosis of NSCLC,
while 20-25% are patients with SCLC.1,3

Similarly, in the examined group of patients
the microcellular form of cancer was diag-
nosed in 21.4% of patients, while the non-mi-
crocellular form - in 51.4%. In the remaining
patients (27.2%) the histopathological diagno-
sis was not made. The reason was often the
short observation time of patients.

In the examined group of patients pneu-
monia was the main or accessory cause of
death in 41 patients (58.5%). The conducted
autopsy examinations in each case confirmed
the clinical diagnosis. According to
Remiszewski et al. in a group of patients with
SCLC the infections of the respiratory system
were the main cause of death only in 4.6% of
patients, and the accessory cause in 9.1%.6 In
examinations conducted by Putinati et al. the
frequency of occurrence of infections in lung
cancer patients was estimated on the grounds
of the results of the bacteriological examina-
tion of the broncho-alveolar lavage fluid
(BALF), the presence of the infectious agent
was indicated in 34.3% of patients. This result
is probably underestimated because in some
patients showing clinical symptoms of the
respiratory system infections etiological
agent was not discovered (sampling was con-
ducted during the antibiotic therapy.10 In
Japanese examinations the group of patients
with lung cancer was divided into three sub-
groups depending on the method of treat-
ment and the frequency of the inferior respi-
ratory tracts was estimated at 41.7-60.5%.
Most often infections appeared in the group
of patients receiving cytostatics and glucocor-
ticoids.11
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Figure 1. Survival in patients with lung cancer.

Figure 2. The negative correlation between the period
of hospitalisation and the extent of inflammatory
changes on chest x-ray (R = -0.6; p<0.05) in patients
with SCLC.



In patients with granulocytopoenia, apart
from the typical for the respiratory system in-
fections caused by alpha-haemolysing
Streptococcus, Streptococcus from the D
group, Staphylococcus aureus and epider-
midis, Haemophilus influenzae, the impor-
tant role is played by Gram-negative bacteria:
Escherichia coli, Klebsiella pneumoniae,
Pseudomonas aeruginosa, Enterobacter,
Proteus. Subjects with the cell-mediated im-
munity disorders are exposed to infections
caused by: Listeria monocytogenes,
Salmonella, Mycobacterium, Nocardia aster-
oides and Legionella.12,13

The most frequently occurring virus infec-
tions include the ones caused by: Varicella-
zoster, Herpes simplex, Cytomegalovirus and
Ebstein-Barr virus.13,14

Other severe infections are the ones
caused by fungi: Pneumocystis carinii,
Cryptococcus neoformans, Aspergillus fumi-
gatus, Candida albicans, Candida krusei,
Histoplasma capsulatum, Candida glabrata,
protozoa (Toxoplasma gondii). Infections
caused by Strongyloides stercoralis were also
observed.7,15-18

The conducted bacteriological examina-
tions showed that the etiological agents of
pneumonia in the examined group were bac-
teria of Streptococcus and Proteus species as
well as Mycobacterium tuberculosis. Putinati
et al. indicated Gram-negative rods as the
most frequent cause of infections (most often
Haemophilus sp.) - 45.2%, Gram-positive coc-
ci (most often Staphylococcus aureus) -
33.3%, Pneumocystis carinii and Chlamydia
trachomatis - 16.7% as well as Gram-negative
cocci - 4.8%.8 In the Japanese examinations
cited before cases of pneumonia were caused
by Gram-positive bacteria in 38.4%, Gram-
negative bacteria in 30.8%, and mixed bacter-
ial flora in 30.8%.11 Remiszewski et al. showed
that the most frequent etiological agents of
the infections causing death of patients with
lung cancer were Gram-negative bacteria
(Klebsiella sp., Pseudomonas sp., Escherichia

coli). Gram-positive bacteria (Staphylococcus
sp., Streptococcus sp.) were isolated more
sparsely. In some patients infections were
caused by fungi:  Aspergillus sp., Candida
sp., Pneumocystis carinii and Mycobacterium
tuberculosis.2,5,6,15 It is difficult to compare
these data with our results because of small
number of bacteriological confirmations of
the pulmonary infection (8.5%).

Due to the limited accessibility of microbi-
ological tests and the possibility of rapid out-
come of the infection in patients with lung
cancer the empirical treatment is recom-
mended.19 Patients with neutropoenia below
500/µL are conventionally treated with
aminoglycoside and β-lactamic antibiotic
(amoxicillin + claevulanic acid or
cephalosporins of II/III generation). In case of
leucopoenia above 500/µl aminoglycoside
and cephalosporin of III generation or
cephalosporin of III generation and macrolid
are administered. In patients with neutropoe-
nia and fever cephalosporin of III generation
and clindamycin are applied. In the lack of re-
sults of this treatment after 5 days a different
etiology must be considered. In case of pneu-
monia caused by Pneumocystis carinii (PCP)
trimetoprim-sulfametoxasol is usually ap-
plied.13,18 In cases of infections caused by
fungi patients are treated with amphotericin
B.2,7,20,21 In the examined group
cephalosporins of II/III generation, amoxi-
cillin with claevulanic acid and aminoglyco-
sides were most frequently applied.

Severe pulmonary infections in lung can-
cer patients may develop due to local or sys-
temic immunological disorders. Systemic im-
munological disturbances occur relatively
early in patients with lung cancer.
Irregularities concern mainly the cellular type
of immunity.6,22 What is advantageous to in-
fections is also permeability disorder of
bronchus caused by helophytic or intramural
increase of the neoplasm or by the pressure to
a bronchus wall caused by the mass of the tu-
mour or enlarged lymph nodes. These phe-
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nomena are intensified by the impaired
cough reflex which may take place against
the background of applied therapy (narcotics,
psychotropic) or as a result of neoplasmatic
metastases to brain.23 Moreover, metastases
to bone marrow may lead to leucopoenia and
anaemia.2,6,24 It seems that in our patients the
main causes of pneumonia were atelectasis
and dysfunction of phagocytes and lympho-
cytes (with normal or increased WBC), espe-
cially in NSCLC.

Another group of factors predisposing to
the occurrence of the respiratory system in-
fection includes those connected with the rad-
ical and palliative treatment for lung cancer.
Most of drugs applied in the antineoplasmat-
ic therapy have a suppressive effect on the
function of the immune system. Alkalising
drugs, antimethabolites of purines, pirim-
idines and folic acid produce the stronger im-
munosuppressive effect.22,25 Almost all cyto-
statics create disorders of proliferation and
function of granulocytes with a temporary
shortage of these cells in the peripheral blood.
In SCLC group of patients 60% received
chemotherapy with cisplatin, etoposide or cy-
clophosphamide, adriblastine and vincristine
and all of patients were treated with glicocor-
ticosteroids. The risk of the infection increas-
es considerably in patients whose number of
neutrophils does not exceed 500/µl and is es-
pecially high in the case of neutropoenia be-
low 100/µl.10,25 Glucocorticoids are often used
as supportive drugs in lung cancer patients.
By the suppressive influence on the cellular
immunity they contribute to the increase of
susceptibility to infections.12

The syndrome produced by radiotherapy
depends on the size of irradiated area and the
amount of a total dose. Developing inflam-
matory changes in lungs may be responsible
for the occurrence of respiratory failure and
the patients’ death, especially with this state
being often complicated by the respiratory
system infection.2,3,26

It is estimated that over 80% of patients do

not survive the first year since the diagnosis,
and only few per cent survive 5 years.1,10

Similarly in the examined group the median
of the patients’ survival was 9 months
(NSCLC: 12 months; SCLC: 8 months). Our
results indicated additionally that the high in-
tensity of pulmonary inflammation measured
by WBC and the extent of radiological
changes are connected with a poor prognosis
and short period of hospitalisation. This was
confirmed by our previous studies. The nega-
tive correlation between the serum concentra-
tion of lipid hydroperoxides and radiological
regression was observed in patients with
pneumonia after 14-days therapy.27 Moreover,
in patients with tuberculosis, the serum con-
centration of other inflammatory indicators
such as conjugated dienes, thiobarbituric
acid-reactive substances,28 soluble tumour
necrosis factor receptor I, and intercellular ad-
hesion molecule-1 were significantly higher in
the radiologically advanced disease.29

Conclusions

(1) Lung cancer was the main cause of death
among our patients; (2) Pneumonia was diag-
nosed in 58.5% as a secondary cause of death
in lung cancer patients; (3) In patients with
SCLC, the extent of inflammatory changes on
chest X-ray and WBC correlated negatively
with the period of hospitalisation.
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