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Abstract. The study aimed to determine the diagnostic utility 
of procalcitonin (PCT) in order to discriminate between infec-
tive fever and fever due to inflammation in febrile advanced 
lung cancer patients treated with cytotoxic chemotherapy. A 
total of 121 patients with advanced lung cancer, treated with a 
cytotoxic chemotherapy regimen between September 2007 and 
September 2008 at Kyoto University Hospital, were recruited. 
Blood samples were obtained on the first day of the fever. 
Serum c-reactive protein (CRP) and PCT levels were measured. 
At least two blood cultures were performed, and sputum was 
taken for Gram staining and culture. There were 71 episodes in 
61 patients in the 12 months of the study, representing 50.4% 
of our study population. A total of 41 patients (57.7%) were 
diagnosed with pneumonia using imaging modalities, 6 (8.5%) 
with bacteremia using blood culture and 4 (5.6%) with urinary 
tract infections using urine culture. Among the 41 pneumonia 
cases, culture from sputum revealed pathologic bacteria in 21 
(51.2%) and fungal disease in 14 (34.1%) cases. Among the 71 
febrile episodes, serum procalcitonin and CRP were measured 
in 50 episodes. Serum procalcitonin-positive patients showed 
poor outcomes on antibiotics therapy (Fisher's exact test, 
p=0.042). Furthermore, serum procalcitonin positivity was able 
to discriminate infective fever from fever due to inflammation 
(Chi-square test, p=0.001). We showed the causative organ-
isms of febrile advanced lung cancer patients who received 
cytotoxic chemotherapy, as well as the possibility of PCT to 
discriminate infective fever from fever due to inflammation.

Introduction

Treatment of infection using antimicrobial drugs is based on 
data generated with prophlogistic bacteria. Currently, medical 

treatment strategy is determined according to the guidelines 
for management (1). A treatment guideline for nosocomial 
pneumonia and febrile neutropenia (1) exists, but the data 
implicating a causative agent at the time of pyrexia in a tumor-
bearing stage are not available. Therefore, a recommended 
treatment guideline is absent in such conditions.

Lung cancer is a leading cause of cancer-related mortality 
worldwide and is expected to remain a major health concern 
for the foreseeable future. The majority of patients with non-
small cell lung cancer (NSCLC) are in advanced stages at 
diagnosis and most are treated with cytotoxic agents such as 
those used in patients with small cell lung cancer (SCLC) (2). 
The majority of cytotoxic agents for anticancer therapy also 
adversely affect normal cells. It is assumed that these unfavor-
able effects primarily impact rapidly proliferating cells, such 
as bone marrow cells.

Increased susceptibility to infection and difficulty in 
treatment due to neutropenia after cytotoxic anticancer drug 
administration is a serious concern in terms of chemothera-
peutic continuation. Fever in neutropenic patients is a frequent 
complication of chemotherapy. It occurs in 10-50% of patients 
with solid tumors and in 80% of those with blood malignancies. 
It usually requires treatment for 7-12 days, at an approximate 
daily cost of more than US $1,500 and is associated with a 
mortality rate of almost 10%. Thus, febrile neutropenia 
affects an increasing number of individuals worldwide and 
poses a significant burden on health care and its economy (3). 
Even without neutropenia, respiratory tract infection can be 
precipitated by lung cancer, thereby disordering pulmonary 
local blood and air flow. In addition, it appears that degrada-
tion of the immunologic status occurs from aggravation of the 
host nutritional status. When general steroids are used for the 
therapeutic purpose of edematous reduction of metastases to 
the brain, nausea and vomiting can also cause a degradation 
of the immunologic state.

Cytotoxic anticancer drugs are usually administered to 
advanced lung cancer patients, and fever increases the diffi-
culty in treatment continuation. The frequency of infectious 
diseases in advanced lung cancer patients, regardless of the 
administration of anticancer drugs, appears to be higher than 
in healthy individuals. However, it is difficult to diagnose an 
infectious disease in advanced lung cancer patients during 
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chemotherapy as no epidemiological investigative studies 
regarding infection in lung cancer patients currently exist. 
Therefore, it is difficult to determine whether pyrexia or the 
tumor itself is the cause of infection.

Procalcitonin (PCT), a glycoprotein, is the propeptide 
of calcitonin. It is devoid of hormonal activity. It consists of 
116  amino acids, has a molecular weight of 13 kDa (4) and, 
under normal circumstances, is produced in the C cells of 
the thyroid gland. PCT is then cleaved via a specific protease 
to calcitonin, katacalcin and an N-terminal residue (5). In 
contrast to the short half-life of calcitonin (10 min), PCT has a 
long half-life of 25-30 h in serum (6). In healthy humans, PCT 
levels are undetectable (< 0.1 ng/ml). Severe generalized bacte-
rial, parasitic or fungal infections with systemic manifestation 
are associated with increased PCT serum levels. Karzai et al 
reported that PCT may be a superior marker in infections with 
systemic manifestation (6).

Therefore, this study investigated the infectious background 
of the febrile advanced lung cancer patients who received 
chemotherapy. The value of PCT and c-reactive protein (CRP) 
in the differential diagnosis of febrile conditions in patients 
with advanced lung cancer was also evaluated. 

Materials and methods

Study population. A total of 121 patients with advanced 
lung cancer who were treated with a cytotoxic chemotherapy 
regimen between September 2007 and September 2008 at 
Kyoto University Hospital were recruited. Written informed 

consent pertaining to the utilization of clinical materials was 
obtained from all patients. The study was approved by the 
Ethics Committee of the Kyoto University Graduate School 
and Faculty of Medicine. The inclusion criteria involved an 
advanced lung cancer patient undergoing cytotoxic chemo-
therapy with systemic infection based on any of the following 
characteristics: fever (>38˚C) with cough, rapid breathing, 
difficulty in breathing or convulsions and with a clinical diag-
nosis of pneumonia or sepsis. Laboratory evaluation for blood, 
sputum and urine culture were collected from the patients as 
part of the usual routine investigations conducted. The patients 
were in the nosocomial setting. Nosocomial pneumonia is 
defined as pneumonia occurring ≥48 h after admission (7).

Laboratory methods. Blood samples obtained on the first day of 
fever were stored at -80˚C until the serum PCT and CRP levels 
were measured. The serum CRP level was determined using the 

Table I. Characteristics of the febrile patients (n=61).

Patient characteristics	 No. of cases (%)

Age (years)	 35-82
  Median	 69
Gender
  Female 	 11 (18.0)
  Male 	 50 (82.0)
Smoking status
  Non-smoker 	 8 (13.1)
  Smoker 	 53 (86.9)
    Former 	 19 (28.4)
    Current 	 34 (58.5)
Tumor histology
  Adenocarcinoma 	 24 (39.3)
  Squamous cell carcinoma 	 10 (16.4)
  NSCLC 	 4 (6.6)
  Small cell carcinoma 	 23 (37.7)
Pathologic stage
  IIIA 	 11 (18.0)
  IIIB 	 18 (29.5)
  IV 	 32 (52.5)

NSCLC, non-small cell lung cancer.

Table II. Results of identified causes of 71 episodes in 61 cases.

Causes	 No. of episodes

Pneumonia
  Streptococcus pneumoniae	 6
  Clamidya pneumoniae	 4
  MRSA	 3
  Moraxella catarrhalis	 2
  Klebsiella pneumoniae	 2
  Staphylococcus aureus	 1
  Pseudomonas aeruginosa	 1
  Streptococcus G	 1
  Pseudomonas fluorescens	 1
Fungal diseases
  Aspergillosis	 4
  Pneumocystis jiroveci	 4
  Candidiasis	 1
  Causative fungus unknown	 5
  Cytomegalo virus	 1
  Cause unknown	 5
Bacteremia
  E. coli	 2
  Streptococcus pyrogen	 1
  Streptococcus epidermis	 1
  Streptococcus G	 1
  Staphylococcus aureus	 1
Urinary tract infection
  Staphylococcus agalactiae	 1
  Enterococcus faecalis	 1
  Coaglase-negative streptococcus	 1
  E. coli	 1
Cause unknown	 20

Total	 71

MRSA, methicillin-resistant Staphylococcus aureus.
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nephelometric method and the serum PCT level was measured 
by the Lumi test-PCT (ILMA Kits BRAHMS Diagnostica 
GmbH, Berlin, Germany). The analytical assay sensitivity was 
~0.1 ng/ml. At least two blood cultures were performed. Sputum 
was obtained for Gram staining and culture and subsequently 
analysed by Taq Man real-time PCR for Mycoplasma 
pneumoniae, Legionella pneumophila and Chlamydophyla 
psittaci (8). Urine was sampled for antigen testing on 
Streptococcus pneumoniae and Legionella pneumophila (Binax 
NOW; Binax, Scarborough, ME, USA) (9,10).

Results

Patient characteristics. Table I shows the characteristics of 
the 61 advanced lung cancer patients who were admitted to 
our institution between June 2007 and June 2008. The patients 
were Japanese, and included 50 (83.3%) males and 10 (16.7%) 
females, with a median age of 69 years (range 35-80). Of the 
61 patients, 8 (11.5%) were non-smokers and 53 (88.3%) were 
former or current smokers. The patients were treated with 
cytotoxic agents in the febrile stage. The pathologic diagnoses 
and disease stage are listed in Table I. There were 71 episodes 
in 61 patients during the 12 months of the study, i.e., 50.4% of 
our study population. Of the 71 episodes, causative agents were 
found in 46 episodes, including 6 neutropenia cases (Fig. 1, 

Group  A). No causative agents were found in 25 episodes, 
including 2 neutropenia cases (Fig. 1, Group B). Table II 
shows the organisms isolated in sputum, blood and urine. A 
total of 41 patients (57.7%) were diagnosed with pneumonia 
using imaging modalities, 6 (8.5%) with bacteremia using 
blood culture and 4 patients (5.6%) with urinary tract infection 
using urine culture. Among the 41 pneumonia cases, culture 
from sputum revealed pathologic bacteria in 21 (51.2%) cases, 
fungal disease in 14 (34.1%) and cytomegalovirus in 1 (2.5%) 
case. Antibiotic treatment was prescribed for all 41 cases.

Serum inflammation markers. Among the 71 febrile episodes, 
serum PCT and CRP were measured in 50 cases. Serum CRP 
was elevated beyond the cut-off level of our institute (0.2 mg/
dl) in 69 (97.2%) cases. Serum CRP correlates with serum 
PCT (Fig. 2; r=0.38, p=0.0045). According to the cut-off 
level of serum PCT (0.1 ng/ml), serum CRP was higher in the 
PCT-positive patients (Fig. 3). Serum PCT was also higher 

Figure 1. Precise data of the febrile episodes. UTI, urinary tract infection.

Figure 2. Association between serum CRP and pro-carcitonin; r=0.38, 
p=0.0045.

Figure 3. Serum CRP according to the serum pro-carcitonin level.
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than serum CRP in the population whose cause of infection 
was known (Fig. 4). Although serum PCT did not correlate 
with treatment outcome among the 25 cases with known 
causes (Table III), serum PCT-positive patients showed a poor 
outcome with antibiotics therapy in Table IV (Fisher's exact 
test, p=0.039). Furthermore, serum PCT positivity was likely 
to discriminate between infective fever and fever due to inflam-
mation (Table V) (Chi-squared test, p=0.018). According to the 
cut-off level of serum PCT, the duration of the febrile state did 
not correlate with the serum PCT level (data not shown).

Discussion

This study examined the infectious background of patients 
with advanced lung cancer who received cytotoxic chemo-
therapy. Among the serum PCT-positive population, causative 
agents are more readily identified. Serum PCT levels correlate 
with serum CRP levels. In our study population, the positive 
serum PCT resulted in poor clinical outcome.

To the best of our knowledge, this is the first study analyzing 
PCT plasma levels and infectious background in advanced 
lung cancer patients receiving chemotherapy. Cultures from 
sputum yielded pathogenic bacteria in 21  episodes (29.6%). 
Gram-negative bacteria accounted for 66.7% and gram-posi-
tive organisms for 33.3% of all microorganisms recovered.

Nosocomial pneumonia occurs following admission to the 
hospital. This type of pneumonia was neither present nor in a 
period of incubation at the time the patient was admitted (11). 
Nosocomial pneumonia is the leading cause of death from 
hospital-acquired infections and thus a major public health 
concern. The estimated prevalence of nosocomial pneumonia 
within the Intensive Care Unit ranges from 10 to 65%, with 
case fatality rates ranging from 20-55% in the majority 
of reported findings (1,12,13). When pneumonia arises in 
the hospitalized patient, aerobic gram-negative bacilli, 
particularly Pseudomonas aeruginosa, Enterobacter sp. and 
Staphylococcus aureus are the major causative organisms 
(14). Other common causes of nosocomial pneumonia include 

Table III. Treatment outcomes of 25 cases with known cause 
according to pro-carcitonin.

	 No. of	 Treatment response
	 episodes	 of antibiotics
	 -------------------------------------------
	 Improved	D eceased

Negative <0.1 ng/ml	 14	 13	 1
Positive >0.1 ng/ml	 11	 8	 3
Total	 25	 21	 4

Fisher's exact test; p=0.287.

Table IV. Treatment outcomes of 50 episodes according to 
pro-carcitonin.

	 No. of	 Treatment response
	 cases	 of antibiotics
		  ---------------------------------------------
		  Improved	D eceased

Negative <0.1ng/ml	 32	 30	 2
Positive >0.1ng/ml	 18	 12	 6
Total	 50	 42	 8

Fisher's exact test; p=0.039.

Table V. Infectious origins of 50 episodes according to pro-
carcitonin.

	 No. of cases	 Infectious origin
		  ------------------------------------------
		  Known	 Unknown

Negative <0.1 ng/ml	 32	 13	 19
Positive >0.1 ng/ml	 18	 14	   4
Total	 50	 27	 23

Chi-square test; p=0.018

Figure 4. (A) Serum CRP and (B) PCT according to causative organisms.

  A   B
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Hemophils influenzae, Streptococcus pneumoniae, aspira-
tion with anaerobes, Legionella sp. and viruses. Respiratory 
syncytial virus, influenza A and B, and parainfluenza are 
responsible for more than 70% of nosocomial viral disease 
(14). Although there appears to be little difference between the 
bacterial background in nosocomial pneumonia with normal 
hosts and our study population (Table  II), the frequency of 
fungal disease or the rate of detection of pneumococcal pneu-
monia in our study was relatively high. Consequently, a larger 
sample may result in more accurate information concerning 
the causes of microbacterium in our study population, thereby 
aiding in the treatment modality to be used. 

PCT was previously proposed as a new marker of severe 
bacterial infection (6,15,16) that may be particularly useful in the 
discrimination between septic complication and non-infectious 
fever in transplant patients (17). Although PCT appears to be 
ubiquitously produced by the body, initial concerns were that, 
as in the case of traditional cytokines, PCT is produced mainly 
by white blood cells. PCT concentrations rise in neutropenia 
to similar concentrations to those observed in immunocom-
petent patients (18,19). However, the usefulness of PCT in the 
detection of infection in such patients remains to be elucidated. 
Higher concentrations, such as 2.5 mg/l (20) or 5.0 mg/l (18), 
are suggestive of severe sepsis over bacteremia and localized 
infection but low concentrations do not necessarily exclude 
infection. This phenomenon depends on the causative organism 
with PCT responses noted in cases of gram-positive cocci 
and gram-negative bacteremia, but not coagulase-negative 
staphylococcus (18). It is likely that the value of PCT in febrile 
neutropenics is in monitoring the response to therapy rather 
than diagnosis. However, this finding is not universal, since 
it has been noted that PCT may remain low despite evidence 
of significant infection (19,21). Furthermore, PCT does not 
discriminate between causes of fever early in the illness (22) 
and is unable to distinguish between fungal and bacterial infec-
tion (19). However, in our study, serum PCT positivity was able 
to discriminate between infective fever and fever due to inflam-
mation since the serum PCT was higher than that of CRP in the 
population whose cause of infection was known. 

The limitations of our study, however, include small sample 
size, heterogeneity of treatment regimens and its retrospective 
nature. Alternative methods, such as TRACE, appear to be 
more sensitive than the lumi test (23). However, we showed the 
causative organisms of febrile advanced lung cancer patients 
who received cytotoxic chemotherapy. The ability of PCT to 
discriminate between infective fever and fever due to inflam-
mation was also demonstrated. It can therefore be concluded 
that a prospective clinical trial is required in order to evaluate 
whether antibiotics should be employed on febrile advanced 
lung cancer patients during cytotoxic chemotherapy treatment 
according to their serum PCT levels.
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