DOI: 10.5114/w0.2013.33777

Aim of the study: The basic uses of C-re-
active protein (CRP) and procalcitonin
(PCT) in clinical practice are in the diag-
nosis and follow-up of infectious disease.
The fact that CRP already achieves high
levels in cases with lung cancer, however,
limits its diagnostic specificity. Procal-
citonin may be an important marker in
the differential diagnosis of lung cancer
patients who have fever and high CRP
levels. Our objective in this study was to
determine the levels of CRP and PCT in
patients with newly diagnosed non-
infectious non-small cell lung cancer
(NSCLC) and to relate these results to
patient and disease characteristics.
Material and methods: Serum CRP and
PCT levels were measured in 79 histo-
pathologically proven NSCLC patients
and 20 healthy controls. Results were
compared with demographic and clini-
cal variables in patients with NSCLC.
Results: Serum CRP concentrations were
significantly higher in NSCLC patients
compared to the control group [38.30
(7.79-185) mg/dl vs. 7.79 (3.36-26.10)
mg/dl; p < 0.001]. There was no signif-
icant difference between the two groups
in PCT levels (p > 0.05). A mild, positive
correlation was found between CRP
level and tumor diameter. When com-
paring CRP levels in the lung cancer
patients grouped according to age, sex,
smoking status, clinical TNM staging and
performance status (PS), the only sig-
nificant difference found was that for PS
score.

Conclusions: High serum CRP levels in
non-infectious NSCLC patients are main-
ly related to PS status and weakly to
tumor size. Adding serum PCT mea-
surement may contribute to exclusion of
infections in patients with NSCLC.

Key words: C-reactive protein, procalci-
tonin, non-small cell lung cancer, inflam-
mation.
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Introduction

C-reactive protein (CRP) is an acute-phase protein produced mainly by hepa-
tocytes in the presence of inflammation. C-reactive protein levels are often
used as a marker of inflammation in different acute and chronic diseases [1, 2].
Lung cancer patients very frequently encounter infection during the course
of their disease; for these patients infection is among the foremost causes
of morbidity and mortality [3]. Therefore, starting empirical antibiotic treat-
ment as soon as possible when infection is suspected is vital for these patients.
Such a situation creates a need for sensitive diagnostic markers. The fact that
CRP already achieves high levels in cases with lung cancer [4], however, lim-
its its diagnostic specificity. While CRP has, however, lost some of its diagnostic
value as far as cancer patients are concerned, its predictive and prognostic
relevance in patients with lung cancer has been increasingly evidenced dur-
ing the last few years. A correlation of CRP levels with patient and disease char-
acteristics, especially with tumor size and lymphovascular invasion, has been
established in patients with non-small cell lung cancer (NSCLC) [4, 5]. C-reac-
tive protein levels were found to be prognostic both in operated early-stage
patients and those receiving chemotherapy [4, 6, 7].

Procalcitonin (PCT), a precursor of the hormone calcitonin, participates in
the systemic reaction in response to the circulating endotoxins and inflam-
matory cytokines produced during bacterial or fungal infections [8-10]. Its plas-
ma levels are correlated with the severity of infection [11]. Procalcitonin has
been shown to be important in the differential diagnosis of cancer patients
with fever and high CRP levels [12, 13]. On the other hand, a recent study found
PCT concentrations at levels compatible with sepsis in patients with cancer
at advanced stages [14]. This creates a doubt concerning the role of PCT in
the diagnosis of infection in cancer patients.

We are not aware of a study of the simultaneous measurement of both CRP
and PCT levels in NSCLC patients, whose clinical course may frequently be com-
plicated by infection. Our objective in this study was to determine the levels
of CRP and PCT in patients with newly diagnosed non-infectious NSCLC and
to relate these results to patient and disease characteristics, in order to allow
an evaluation of the potential role of these two inflammation markers in the
diagnosis of infectious complications of NSCLC.

Material and methods

Between September 2009 and July 2010, 79 patients diagnosed with NSCLC
in the Chest Diseases Department and 20 apparently healthy control subjects
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were included in this prospective study. The study was
approved by the Selcuk University Meram Medical Faculty
Ethical Committee; all patients and healthy volunteers
provided written informed consent prior to their participa-
tion. Subjects with the following conditions were not includ-
ed in the study: history of inflammatory disease that may
modify CRP and PCT levels, clinical suspicion or laboratory
signs of bacterial or viral infection, fever of unknown origin,
chemotherapy, radiation therapy or any history of either, use
of anti-inflammatory drugs or systemic steroids.

All study patients were evaluated by X-ray and CT scan
of the chest following medical history and physical exami-
nation. The patients underwent bronchoscopy for purpos-
es of histological diagnosis and staging. Diagnosis was
obtained by transthoracic needle aspiration in those cases
in which bronchoscopy had failed to provide it. Further stag-
ing examinations were fluorodeoxyglucose positron emis-
sion tomography (FDG-PET) and brain MRI scan. Patients who
could not undergo PET-CT were examined by abdominal CT
scan and bone scintigraphy. The age, sex, body mass index
(BMI) and concomitant diseases of the patients were
recorded, as well as their performance status (PS) on the East-
ern Co-operative Oncology Group (ECOG) scale [15]. Defin-
ition of ECOG performance status is as follows: 0 —Fully active,
able to carry on all pre-disease performance without restric-
tion; 1 — Restricted in physically strenuous activity but
ambulatory and able to carry out work of a light or seden-
tary nature, e.g,, light house work, office work; 2 — Ambulatory
and capable of all self-care but unable to carry out any work
activities. Up and about more than 50% of waking hours;
3 —Capable of only limited self-care, confined to bed or chair
more than 50% of waking hours; 4 — Completely disabled.
Cannot carry on any self-care. Totally confined to bed or chair;
5 —Dead.

C-reactive protein and procalcitonin level
determinations

Peripheral venous blood was obtained under sterile con-
ditions both in patients with a confirmed histological diag-
nosis of NSCLC and the healthy controls. Serum was sepa-
rated by centrifuging for 10 min at 1,000 x g and 4°C in
vacuum gel tubes, and then kept at -80°C in Eppendorf tubes
until the time of assay. All samples were assayed on the same
day.

The serum level of PCT was measured by using an enzyme-
linked fluorescence assay (VIDAS® BRAHMS PCT assay;
Biomérieux, Lyon, France) according to the manufacturer’s
instructions and serum CRP levels were assayed by neph-
elometry using an automated system (Dade Behring).

Statistical analysis

The Mann-Whitney U test was used to compare the
patient and control group values of CRP and PCT, given that
these values were not normally distributed. The linear cor-
relation of CRP level with tumor diameter was evaluated by
its Spearman correlation coefficient. For NSCLC patients, the
comparison of variables between subgroups defined by dif-
ferent patient or tumor characteristics was performed
using the Kruskal-Wallis or the Mann-Whitney U tests.

A p-value of 0.05 or lower was accepted as statistically sig-
nificant.

Results

No significant difference was established between the
study patient and control groups with regard to age, sex, BMI
or smoking habit (Table 1). The NSCLC study patients were
mostly male (70 men vs. 9 women). While 10 of the patients
had never smoked, the 69 others were active smokers. The his-
tological tumor type was defined as squamous cell in
51 cases, adenocarcinoma in 15 and broncho-alveolar
in 1, while 12 were described as unclassified NSCLC. Clinical
staging results indicated that an important proportion
were locally advanced or metastatic (10 classified as oper-
able and 69 inoperable) (Table 1). A PET-CT had been
requested for staging of 64 patients; their average SUVmax
value was 12.79 (range 3.04-80.6).

Serum C-reactive protein levels

Serum CRP concentrations were significantly higher in
NSCLC patients compared to the control group [38.30
(7.79-185) mg/dl vs. 7.79 (3.36-26.10) mg/dl; p < 0.001]
(Fig. 1). A mild, positive correlation existed between CRP lev-
el and tumor diameter (Fig. 2).

When comparing CRP levels in the lung cancer patients
grouped according to age, sex, smoking status, clinical TNM
staging and PS, the only significant difference found was that
for PS score. While the median CRP value in patients with

Table 1. Clinical characteristics of patients and controls

Patients  Controls  pvalue
Age (year) (mean + SD) 624497 611495 > 0.05
Male gender (n/%) 70 (88.61%) 19 (95%) > 0.05
BMI (mean + SD) 242047 25.09+2.1 > 0.05
n (%) n (%)

Current smoker 69 (87.34) 17 (85) > 0.05
Comorbidities

Hypertension 7 (8.86) 1(5) > 0.05

Diabetes 4 (5.06) 0(0) > 0.05

COPD 29 (36.7) 2 (10) < 0.05

Ischemic heart disease 2 (2.53) 0(0) > 0.05
Histology

Squamous cell carcinoma 51 (64.56)

Adenocarcinoma 15 (18.99)

Non-small cell not specified 12 (15.19)
1(

Bronchoalveolar carcinoma 1.26)
Stage
1A 1(1.26)
1B 2(2.53)
2A 3(3.8)
2B 4 (5.06)
3A 21 (26.58)
3B 19 (24.05)
4 29 (36.71)

SD — standard deviation, BMI — body mass index, COPD — chronic obstructive
pulmonary disease
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Fig. 1. Box plots showing CRP levels in controls and patients with

non-small cell lung cancer [7.79 (3.36-26.10) mg/dl and 38.30

(7.79-185) mg/dl; p < 0.001].

Table 2. Median C-reactive protein serum levels in patients with
non-small cell lung cancer broken down by clinico-pathological

parameters
CRP serum levels (mg/ml)
n  Median (Min—Max) p-value
Age
<65 47 35.60 (7.79-185.00) > 0.05
> 65 32 67.50 (8.61-182.00)
Gender
Male 70 3830 (7.79-185.00) > 0.05
Female 9 49.60 (9.69-116.00)
Smoking
Never smoker 10 5040 (9.96-180.00) > 0.05
<30 pack years 14 36.60 (7.79-185.00)
> 30 pack years 55  36.60 (7.79-185.00)
ECOG performance status
0-1 62 33.05 (7.79-185.00) 0.001
2 10 61.70 (10.80-215.00)
3 7 174.00 (67.70-215.00)
Histopathology
Squamous 51 3210 (8.62-185.00) > 0.05
Non-squamous 28 49.60 (7.79-182.00)
Stage
Operable 10 3130 (7.79-150.00) > 0.05
Inoperable 69  38.65 (8.61-215.00)
SUVmax
<12.79 32 3130 (7.79-150.00) > 0.05
>12.79 32 38.65 (8.61-215.00)

CRP — C-reactive protein, ECOG — Eastern Co-operative Oncology Group,
SUVmax — maximum standardized uptake value

a PS score of 0-1 on the ECOG scale was 33.05 mg/|, it rose
to 61.70 and 174.00 mg/|, respectively, in the groups with PS
2 and 3 (p = 0.001). Additionally, no significant differences
were detected when comparing the patients in dichotomous
groups for histology (squamous cell vs. non-squamous
cell), SUVmax value (cut-off point 12.79) and clinical stage
(operable vs. inoperable) (Table 2).

Maximum tumor diameter (mm)

Fig. 2. Scatter diagram showing the correlation between serum
CRP level and maximum tumor diameter (rs = 0.249, p < 0.05).

Serum procalcitonin levels

Procalcitonin values were 0.01 (0.01-3.41) ng/ml in the
NSCLC patient group and 0.01 (0.01-0.30) ng/mlin the con-
trol group, with no significant difference (p > 0.05). While
median values in both groups were below the 0.5 ng/ml cut-
off value accepted for PCT, only 2 patients in the NSCLC group
had a PCT concentration above 0.5 ng/ml. No significant dif-
ferences were evidenced when comparing the PCT con-
centration values of NSCLC patients according to different
patient characteristics and tumor stages.

Discussion

In this prospective study of serum CRP and PCT levels in
non-infectious NSCLC patients and apparently healthy con-
trol subjects, the CRP levels were significantly higher in the
NSCLC patients, while no such difference was detected for
the PCT concentrations.

Serum CRP levels are elevated in various acute and chron-
icinflammatory states, which have been closely linked to the
pathogenesis of malignant diseases as pro-inflammatory
cytokines, stimulating CRP production, have been involved
in carcinogenesis [16]. Serum CRP levels have been studied
for their significance in various human malignancies, both
as arisk factor and as a prognostic parameter [17-19]. High
CRP levels in NSCLC patients are hypothesized to be a pos-
sible negative prognostic factor in both advanced and
operable patients [4, 6, 7]. Jones et al. [4] have shown a pos-
itive correlation of pre-operatory CRP values with both tumor
dimensions and pathologic T stage in NSCLC. This report also
indicates that high CRP levels were also related to the inabil-
ity to achieve complete resection, which could indicate the
usefulness of CRP determination in selecting patients for tho-
racotomy. In another study, Lee et al. [5] determined a cor-
relation between pre-operatory CRP concentration and the
degree of lymphovascular invasion, the latter being an impor-
tant factor in disease progression. In our study the correla-
tion established between CRP serum levels and tumor size
is compatible with the published reports although it is a weak
correlation with a coefficient of r = 0.249.
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Performance status and tumor stage are the two princi-
pal prognostic factors in NSCLC in addition to genetic influ-
ences [20, 21]. While CRP level showed no correlation with
clinical stage in our study, it was found to be significantly ele-
vated in patients with poor PS. It is known that in NSCLC there
is a poor correlation between clinical TNM stage and patho-
logical stage [22, 23]; in our study, however, detailed post-
operative data to evaluate it were not obtainable because
the patients were treated in different facilities. The fact of
having only clinical tumor staging for NSCLC in our study,
in contrast to other publications, represents an important lim-
itation for our study. The proportion, however, of operable
patients in our study (10 out of 79 patients) was much low-
er than that reported in articles which found a correlation
between CRP and post-operative pathologic stage. A recent
study by Wilop et al. [24] suggests that CRP measurements
before and during treatment may provide prognostic infor-
mation. That publication, like our study, failed to establish
a significant correlation between pre-treatment CRP levels
and stage, histological type, sex, age or BMI.

It is generally known that FDG-PET performed during diag-
nosis contributes both to staging and to prognostic evalu-
ation. It was shown in particular that patients with low FDG
uptake survive longer than those with high uptake [25, 26].
We could detect no significant correlation between the FDG-
PET SUV .« Value and CRP levels. While the addition of FDG-
PET to the staging methods in NSCLC has brought progress
to the N staging, the change has been less marked as far as
the T stage evaluation is concerned [27-29].

The basic use of CRP and PCT in clinical practice is in the
diagnosis and follow-up of infectious disease. Several stud-
ies have shown superiority of PCT over CRP in the diagno-
sis and follow-up of sepsis [30, 31]. In addition there are reports
that indicate superiority of PCT in the diagnosis of infectious
complications of oncological diseases. Schiittrumpf et al. [12]
found no difference in the mean CRP levels of infectious and
non-infectious hemato-oncology patients. The same report
found a significantly higher PCT concentration in infectious
patients when compared to all others. Similarly, Penel et al.
[32] retrospectively evaluated the differential diagnostic val-
ue of PCT and CRP levels for infection vs. paraneoplastic fever
in 254 febrile episodes in cancer patients. While there was
an appearance of a higher PCT level in infectious (3.53 ng/m)
than in paraneoplastic fever (0.74 ng/ml) patients, such a dif-
ference was not confirmed as statistically significant. In anoth-
er, recent study [33] using FDG-PET in addition to clinical para-
meters to exclude infection, PCT levels were measured in 390
non-infectious patients with visceral solid tumors; all
patients showed levels under 0.5 ng/ml. Considering the high
economic burden of late diagnosis of infectious complica-
tions in cancer patients, these studies may seem to warrant
examining both CRP and PCT levels in parallel.

There are also published reports which raise doubts by
showing that PCT, like CRP, can be elevated due to malignancy.
Ghillani et al. [34] found increased calcitonin precursor lev-
els compared to healthy subjects in, respectively, 17.5%, 53%
and 29% of patients with squamous cell cancer, large cell can-
cer and adenocarcinoma. Another study in 43 patients with
solid tumors and 15 healthy controls indicated a PCT increase
parallel to cancer stage, the highest levels being found in those

with generalized cancer [14]. We think, however, that the mixed
origin of the disease in these cases, which include cancers
of the breast, lung, urogenital system, carcinoma of unknown
origin and others, added to the fact that patients were under-
going chemotherapy, could have modified PCT levels. In our
patient population, however, which consisted of patients with
a recent, first diagnosis of NSCLC, the patients had PCT lev-
els within normal limits and no difference was found after
their grouping according to operability.

Infections are encountered in the course of approximately
1/3 of lung cancer patients; they may significantly shorten
survival [35]. The difficulties in diagnosing infection in this
group of patients are well known. Radiological as well as
microbiological methods can be insufficient for infection diag-
nosis. Another problem related to the relationship between
lung cancer and infection is the inability to diagnose an under-
lying cancer in the presence of pneumonia. The regression
of post-pneumonia opacities can take several weeks, and such
opacities may hide a lung cancer. Soyseth et al. [36] found
that the incidence of lung cancer in patients who had been
hospitalized with pneumonia was significantly higher than
in the general population. This shows that sensitive diagnostic
methods are needed as much for cancer in pneumonia
patients as for infection in cancer patients. The fact that PCT
levels in non-infectious lung cancer patients in our study were
low, similar to those of the control group, may give hope for
the potential usefulness of PCT determinations in the
above-mentioned clinical situations. One more limitation of
our study was the presence in it of only non-infectious NSCLC
patients, i.e. the absence of infectious patients.

The cut-off level generally indicated for PCT levels is 0.5
ng/ml. The use of this cut-off in certain patients has, how-
ever, shown a low measurement sensitivity. Polzin et al. [37]
reported that while serum PCT levels were significantly high-
erthan the control in patients with hospital-acquired or com-
munity-acquired pneumonia and acute exacerbation of
chronic bronchitis, they all remained below the suggested
cut-off level of 0.5 ng/ml. This report also indicated that
a serum PCT under 0.245 ng/ml could exclude pneumonia
with 91% probability. We believe that the fact that the PCT
level of our NSCLC patient group [0.01 (0.01-3.41) ng/ml]
remains far below this point represents a significant finding.

In conclusion, high serum CRP levels in non-infectious
NSCLC patients are mainly related to PS instead of infection.
Therefore we think that adding serum PCT measurement in
cases of NSCLC may contribute to exclusion of infections in
patients who were diagnosed, and put under empirical antibi-
otic therapy, following CRP level and radiological findings only.
However, studies including infectious NSCLC patients with-
in a similar design will be helpful in clarifying this situation.

This study was supported by a scientific research grant from
Selcuk University.
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