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are among the main strategies to improve survival rates (3). 
The first step in the diagnosis is to distinguish between non–
small cell lung cancer (NSCLC) and SCLC, which has a poo-
rer prognosis (4,5). Despite lung cancer diagnosis being only 
based on histology, different serum biomarkers have been 
proven to be useful tools for the diagnosis, prognosis and fol-
low-up, but there are currently no guidelines or standards on 
their application in clinical practice (6,7). The National Aca-
demy of Clinical Biochemistry (NACB) Laboratory Medicine 
Practice Guidelines (8) recommend carcinoembryonic anti-
gen (CEA), squamous cell carcinoma–related antigen (SCC-
Ag), neuron-specific enolase (NSE), cytokeratin 19 fragment 
21-1 (CYFRA 21.1), carbohydrate antigen 125 (CA 125) and 
progastrin-releasing peptide (proGRP) as routine markers of 
lung cancer. NSE is considered the tumor marker of choice in 
SCLC diagnosis, but it is not pathognomonic because its effec-
tiveness is related to the stage of the tumor (9).
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ABSTRACT
Introduction: Progastrin-releasing peptide (proGRP), a precursor of GRP, has been recently reported as a putative 
circulating biomarker for differential diagnosis between non–small cell lung cancer (NSCLC) and SCLC. We evalu-
ated the diagnostic effectiveness of proGRP to differentiate patients with NSCLC and SCLC and the usefulness of 
combined measurement of proGRP and neuron-specific enolase (NSE) for diagnosing SCLC.
Methods: Serum proGRP, NSE, cytokeratin 19 fragment 21-1 (CYFRA 21.1), squamous cell carcinoma antigen (SCC 
Ag) and carcinoembryonic antigen (CEA) were prospectively collected and measured in patients with a new diag-
nosis of lung cancer. Serum proGRP was also measured in healthy subjects. The serum proGRP, NSE, CYFRA 21.1 
and CEA concentrations were determined by an electrochemiluminescence immunoassay and the serum SCC Ag 
concentration was determined by an automated immunofluorescence assay. Differences between proGRP and 
NSE in patients with SCLC and NSCLC were evaluated and compared using Mann-Whitney test.
Results: A total of 77 patients affected by SCLC (n = 17) and NSCLC (n = 60) were enrolled in the present study. 
Moreover, 50 cases of healthy subjects were analyzed for proGRP. SCLC patients showed a significantly higher  
proGRP (1,484 pg/mL; range 168-3,777) levels compared to NSCLC patients (45 pg/mL; range 31.7-60.6), 
p<0.0001. In healthy subjects the median proGRP level was 36.1 (28.8-43.5) pg/mL, significantly lower than SCLC 
patients. ProGRP showed a higher specificity when compared to NSE, with a difference in proportion of 47.5% 
(95% confidence interval 32.5% to 62.5%, p<0.001). Serial measurements of proGRP in SCLC patients showed a 
decrease in responsive chemotherapy patients. 
Conclusions: ProGRP is an accurate biomarker for diagnosis of SCLC and for discrimination of SCLC from NSCLC. 
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Introduction

Lung cancer is one of the most common and malignant 
tumors, with high morbidity and mortality worldwide, and its 
incidence has been increasing, especially among women, in 
the last decades (1,2). The early diagnosis and accurate sta-
ging of lung cancer for immediate and appropriate treatment 
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ProGRP is a precursor of gastrin-releasing peptide (GRP), 
an active hormone involved in the physiological digestive 
process. GRP is a 27-amino-acid peptide homologous to the 
C-terminal of bombesin isolated from porcine stomach, in 
fetal as well as neonatal lung tissue and in primary lung can-
cer, particularly in SCLC (10-13). 

GRP cannot be used as a biomarker due to its instability 
(half-life of GRP is 2 min), while proGRP is a stable protein 
with a half-life of 19-28 days. Recently, circulating proGRP 
has been reported as a putative biomarker for differential 
diagnosis between NSCLC and SCLC (14-18).

The aim of the present study was to evaluate the diagno-
stic effectiveness of proGRP to differentiate patients with 
NSCLC and SCLC, the usefulness of combined measurement 
of proGRP and NSE for the diagnosis of SCLC, the compari-
son of diagnostic efficacy of proGRP vs. a combined panel of 
tumor markers and to establish the reference values of pro-
GRP in healthy patients.

Methods

Patients

Serum proGRP, NSE, CYFRA 21.1, SCC Ag and CEA were 
prospectively collected and measured in patients with a new 
diagnosis of lung cancer admitted to the Thoracic Medical 
Oncology of the National Cancer Institute “G. Pascale” of 
Naples.

Moreover, serum proGRP was measured in healthy 
subjects collected at the Unit of Transfusional Medicine of 
the National Cancer Institute “G. Pascale” of Naples. 

The present study was approved through the Ethics Com-
mittee and all patients completed an informed consent.

Assay

Serum samples were taken in Vacutainer tube SST II 
Advance and analyzed in less than 1 hour. Serum proGRP, 
NSE, CYFRA 21.1 and CEA concentrations were determined 
by an electrochemiluminescence immunoassay on a Cobas 
C6000 automated analyzer (Roche Diagnostics). Serum SCC 
Ag concentration was determined by an automated immuno-
fluorescence assay on Kryptor compact plus (Thermo Scienti-
fic). For all analytes the reference range was set according to 
the data sheet manufacturer.

Statistical Analysis

Data were described as reported: continuous variables as 
mean and standard deviation, or median and interquartile 
range if distribution was not symmetric; categorical variables 
as number and percentage. Differences of diagnostic markers 
proGRP and NSE in patients with SCLC and NSCLC were eva-
luated and compared using Mann-Whitney test. Successively, 
proGRP and NSE were categorized and defined positive using 
these criteria: cutoff >100 pg/mL for proGRP; >17 ng/mL  
for NSE. Furthermore, the algorithm proposed by Molina et 
al. (19), taking into consideration SCC, proGRP, NSE, CYFRA 
and CEA, was used to classify patients. For each biomarker 
(proGRP, NSE and algorithm), the diagnostic measures, such 

as sensitivity, specificity, positive predictive value (PPV) and 
negative predictive value (NPV), were calculated to evaluate 
the accuracy in discriminating SCLC from NSCLC. Pairwise 
comparison of diagnostic measures was performed using 
McNemar’s test (20). Receiver operating characteristic (ROC) 
curve analysis was calculated to define new threshold values 
for proGRP and NSE in our population. The area under the 
ROC curve (AUC) was used to quantify accuracy and define 
sensitivity and specificity. For descriptive purpose, proGRP 
values (in log scale) in SCLC patients were collected and 
reported for the whole treatment period. All tests were 
two-tailed and a p-value <0.05 was considered statistically 
significant. All data were analyzed using R software 3.3.1  
(R foundation for Statistical Computing, Vienna, Austria).

Results

ProGRP serum level in lung cancer patients

A total of 77 patients affected by lung cancer, 17 SCLC and 
60 NSCLC, were enrolled in the present study between July 
2015 and July 2017; moreover, 50 cases of healthy subjects 
were collected from the Unit of Transfusional Medicine, at 
the National Cancer Institute “G. Pascale” of Naples, Italy. 

The study design is shown in Figure 1.
The mean age of the 17 SCLC patients was 63.4 ± 8.6 

years and there were 10 (58.8%) male and 7 (41.2%) female 
patients. The 60 NSCLC patients were older (68.4 ± 9.1 years) 
and with higher proportion of male patients (65%) (Tab. I). 

The median (interquartile range [IQR]) proGRP level in the 
total population was 47.3 (34.3-87.3) pg/mL. SCLC patients 
showed (Tab. I and Fig. 2) a significantly higher proGRP (1,484 
[168-3,777] pg/mL] levels compared to NSCLC patients (45 
[31.7-60.6] pg/mL) (Mann-Whitney test, p<0.0001). In addi-
tion, NSE was significantly higher in SCLC than NSCLC patients 

Fig. 1 - Flow chart of the study design.
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(55 [34-107.4] ng/mL versus 17.7 [13-24] ng/mL), whereas 
CYFRA 21.1 was lower in SCLC patients. There were no diffe-
rences for CEA and SCC biomarkers.

In healthy subjects the median proGRP level was 36.1 
(28.8-43.5) pg/mL, significantly lower than SCLC patients 
(data not shown).

ProGRP and NSE in lung cancer histological types and 
therapeutic response

Diagnostic accuracy of each biomarker is reported in 
Table II. According to lung cancer histological type, proGRP 
showed a sensitivity of 82.4% (95% confidence interval [CI], 
56.6-96.2) with a specificity of 93.3% (95% CI, 83.8-98.2). PPV 
and NPV were 77.8% and 94.9%, respectively. NSE biomarker 
and algorithm (NSE + proGRP) showed the following value 
of accuracy: sensitivity (100% and 86.7%, respectively), spe-
cificity (45% and 96.6%, respectively), PPV (34% and 86.7%, 
respectively) and NPV (100% and 96.6%, respectively). 
Pairwise comparison of proGRP with NSE and algorithm 
highlighted no differences in terms of sensitivity. ProGRP sho-
wed a higher specificity when compared to NSE, with a diffe-
rence in proportion of 47.5% (95% CI 32.5% to 62.5%, Exact 
McNemar’s test p<0.001). ProGRP and algorithm measures 
revealed a similar performance for both of them.

On ROC curve analysis, AUC for proGRP and NSE was com-
parable with 0.86 (95% CI, 0.71-1) and 0.92 (95% CI, 0.84-
0.99), respectively (Fig. 3). 

Serial measurements of proGRP in 12 SCLC patients sho-
wed a decrease in responsive patients and they are depicted 
in Figure 4. 

Discussion

In our study, median proGRP levels were significantly 
higher in patients with SCLC than in those with NSCLC or 
healthy subjects. Plasma proGRP at cutoff level of 100 pg/mL 
showed a high sensitivity and specificity (82.4% and 93.3%, 
respectively) in identifying patients with SCLC, with a speci-
ficity higher than NSE. PPV and NPV were 77.8% and 94.9%, 
respectively. Moreover, responsive patients presented a 
decrease in proGRP levels. These results confirm the accu-
racy of proGRP in clinical practice in the diagnosis of SCLC.

In 2011, a meta-analysis of 5,146 patients enrolled in 
11 clinical trials, including 1,095 with SCLC, concluded that 

TABLE I - Patients’ characteristics and values of different analytes

 Total patients 
 (n = 77)

SCLC 
 (n = 17, 22%)

NSCLC  
(n = 60, 78%)

Age, years    

 Mean (SD) 67.3 (9.16) 63.4 (8.6) 68.4 (9.11)

Sex, n (%)    

 Female 28 (36.40) 7 (41.2) 21 (35.00)

 Male 49 (66.60) 10 (58.8) 39 (65.00)

Creatinine, mg/dL   

 Median (IQR) 0.82 (0.67-0.93) 0.82 (0.68-0.9) 0.82 (0.66-0.96)

LDH, U/L    

 Median (IQR) 418 (336-560) 510 (376-633) 415 (330-543)

AST, U/L    

 Median (IQR) 17 (13-22) 17 (13-22.5) 17 (14-22)

ALT, U/L    

 Median (IQR) 16 (12-25) 16 (11-20) 16 (12-26)

Bilirubin, mg/dL   

 Median (IQR) 0.5 (0.4-0.7) 0.5 (0.4-0.6) 0.5 (0.4-0.7)

CEA, ng/mL    

 Median (IQR) 7.9 (3.1-38.9) 4.6 (3-17.9) 8.7 (3-42.6)

CYFRA, ng/mL    

 Median (IQR) 5.4 (3.2-12.7) 3.4 (2.3-6.4) 7 (3.3-13.7)

NSE, ng/mL    

 Median (IQR) 19 (14.2-27.6) 55 (34-107.4) 17.7 (13-24)

SCC, ng/mL    

 Median (IQR) 0.5 (0.1-0.8) 0.2 (0.1-0.6) 0.5 (0.2-1.1)

proGRP, pg/mL    

 Median (IQR) 47.3 (34.3-87.3) 1484 (168-3777) 45 (31.7-60.6)

proGRP (log10)

 Mean (SD) 1.9 (0.8) 3 (1) 1.7 (0.3)

ALT = alanine aminotransferase; AST = aspartate transaminase; CEA = carci-
noembryonic antigen; CYFRA 21.1 = cytokeratin 19 fragment 21-1; IQR = in-
terquartile range; LDH = lactate dehydrogenase; NSCLC = non–small cell lung 
cancer; NSE = neuron-specific enolase; proGRP = precursor of gastrin-releas-
ing peptide; SCC = squamous cell carcinoma; SCLC = small cell lung cancer;  
SD = standard deviation.

Fig. 2 - ProGRP and NSE le-
vels in SCLC and NSCLC. On 
the left: proGRP level in SCLC 
and NSCLC patients; on the 
right: NSE level in SCLC and 
NSCLC patients. NSCLC = 
non-small-cell lung cancer; 
NSE = neuron-specific eno-
lase; proGRP = progastrin- 
releasing peptide; SCLC = 
small cell lung cancer. Va-
lues were reported in log10 
scale.
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proGRP appeared to be a promising marker for SCLC, with a 
sensitivity of 71.6% and a specificity of 92.1% (21). However, 
the poor pooled estimates of sensitivity, the wide range of 
sensitivity and specificity estimates across studies and the 
high degree of inconsistency made the conclusions of the 
meta-analysis weak. 

The levels of six tumor markers, CYFRA21-1, CEA, NSE, 
CA125, proGRP and SCC, were evaluated in 392 Chinese 
patients affected by lung cancer (including 308 with NSCLC 
and 84 with SCLC), in 116 patients with benign lung disea-
ses and in 144 healthy controls (22). The results showed that 
the levels of NSE and proGRP were significantly higher in the 
SCLC group than in the NSCLC group and that the sensitivity 
(at 95% specificity) of NSE, proGRP and the combination of 
the two markers for differential diagnosis of NSCLC and SCLC 
was 71.9%, 90.6% and 90.8%, respectively.

In a Chinese study, plasma proGRP levels were prospecti-
vely measured in 75 SCLC patients, and they were significantly 
higher than those of 234 NSCLC patients (1058.0 vs. 37.46 pg/
mL, p<0.001) (23). In this study, proGRP showed 87.8% sen-
sitivity and 91.5% specificity, at a cutoff level of 65.7 pg/mL.  
Moreover, change of proGRP levels before and after chemo-
therapy was analyzed. In patients with SCLC who were follo-
wed through the treatment, the median proGRP levels of the 
responders decreased after chemotherapy (p<0.001). 

A retrospective Italian study evaluated serum proGRP 
levels in 37 patients with SCLC and 28 patients with advan-
ced NSCLC (24). Median proGRP level was 919 pg/mL in SCLC 

and 32 pg/mL in NSCLC (p<0.0001). In this study, proGRP sho-
wed 86.4% sensitivity and 96.4% specificity, at a cutoff level 
of 77.8 pg/mL. Moreover, in patients with extended disease, 
median proGRP was 46-fold higher than in patients with limi-
ted disease (p = 0.004), notwithstanding all the limitations of 
a statistical analysis conducted over a small-size population.

The results of our study support the use of proGRP at 
diagnosis to discriminate SCLC from NSCLC or nonmali-
gnant disease. Strengths of our analysis are the prospective 
design of the study and the inclusion also of health controls 
to determine the reference values of proGRP in healthy 
subjects, not evaluated to date in other studies. Further-
more, our study highlights that the diagnostic efficiency of 
the test is equivalent to that demonstrated by the associa-
tion of tests included in the diagnostic algorithms, sugge-
sting that proGRP can be considered a valid test to reduce 
time and costs.

Limitations of our study are the small number of patients 
enrolled in the study and, in particular, of those with SCLC 
evaluated with serial measurements of proGRP during tre-
atment. A larger study to confirm the predictive role of 
proGRP reduction in early identification of responsive SCLC 
patients to first-line treatment with chemotherapy combined 
with immunotherapy is planned.

In conclusion, proGRP is an accurate biomarker for the 
diagnosis of SCLC and for discriminating SCLC from NSCLC. 

TABLE II - Diagnostic accuracy of proGRP, NSE and their combination in discriminating SCLC from NSCLC

Sn Sp PPV NPV

proGRP 82.4 (56.6-96.2) 93.3 (83.8-98.2) 77.8 (52.4-93.6) 94.9 (85.9-98.9)

NSE 100 (80.5-99.9) 45 (32.1-58.4)* 34 (21.2-48.8) 100 (87.2-100)

Algorithm 86.7 (59.5-98.3) 96.6 (88.3-99.6) 86.7 (59.5-98.3) 96.6 (88.3-99.6)

NPV = negative predictive value; NSE = neuron-specific enolase; PPV = positive predictive value; proGRP = progastrin-releasing peptide; Sn = sensitivity;  
Sp = specificity. 
*Exact McNemar’s test p<0.001.

Fig. 3 - Receiver operating characteristics (ROC) curves of proGRP 
and NSE. NSE = neuron-specific enolase; proGRP = progastrin-rele-
asing peptide. Area under the curve (AUC) were reported.

Fig. 4 - Serial measurement of proGRP in SCLC patients and correla-
tion with therapeutic response. Black point with solid line describes 
patients with complete response to therapy. Gray point with dashed 
line describes patients with partial response to therapy. proGRP = 
progastrin-releasing peptide; SCLC = small cell lung cancer.
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Further studies should confirm its utility also for treatment 
and monitoring of SCLC patients. 

Abbreviations

AUC = area under the curve; CEA = carcinoembryonic 
antigen; CYFRA 21.1 = cytokeratin 19 fragment 21-1; GRP = 
gastrin-releasing peptide; IQR = interquartile range; NACB 
= National Academy of Clinical Biochemistry; NPV = nega-
tive predictive value; NSCLC = non–small cell lung cancer;  
NSE = neuron-specific enolase; PPV = positive predictive 
value; proGRP = precursor of gastrin-releasing peptide; ROC 
= receiver operating characteristics; SCC Ag = squamous cell 
carcinoma antigen; SCLC = small cell lung cancer.
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