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Abstract. The utility of serum progastrin‑releasing peptide 
(ProGRP) and neuron‑specific enolase (NSE) as biomarkers 
for treatment monitoring and as prognostic factors was inves‑
tigated in small cell lung cancer (SCLC) patients. Patients 
were first diagnosed pathologically at the First Affiliated 
Hospital of the University of Science and Technology of 
China and had their serum ProGRP and NSE levels measured 
using an electrochemiluminescence immunoassay. A total 
of 120 SCLC patients were enrolled. In responsive patients, 
ProGRP levels decreased significantly following two cycles 
of chemotherapy and continued to decline over the course of 
treatment. However, this decrease in ProGRP levels was not 
observed in non‑responsive patients. Changes in ProGRP 
levels were more accurate than changes in NSE levels for 
monitoring the effects of chemotherapy in patients with 
SCLC. Following two treatment cycles or after the occurrence 
of drug resistance, changes in ProGRP levels in patients with 
low ProGRP levels at the time of diagnosis were not notably, 
regardless of whether or not patients were responders. The 
area under the receiver operating characteristic curve of the 
decline in ProGRP levels as a therapeutic biomarker of SCLC 
was 0.9643, and the cut‑off value was 55.02%. A decline in 
ProGRP levels maybe a good predictor of objective response 
to chemotherapy in patients with SCLC with higher ProGRP 
levels at diagnosis. This model is expected to replace or be 
combined with imaging to predict chemotherapeutic treatment 
effects in patients with SCLC.

Introduction

Lung cancer is one of the most common malignancies and 
leads to the highest cancer‑associated mortality rate in 
China (1). Approximately 10‑15% of patients with lung cancer 
are diagnosed with small‑cell lung cancer (SCLC), and ~70% 
of them are diagnosed at advanced stages (2). SCLC is a 
highly aggressive disease and has an increased tendency to 
metastasize. Patients with SCLC are generally treated with 
platinum‑based chemotherapy alone or in combination with 
radiotherapy according to tumor stage. Although 60‑80% of 
SCLC patients respond to first‑line treatment, most of them 
inevitably develop chemoresistance and relapse within a 
relatively short time, leading to the spread of the disease (3,4). 
Therapeutic efficacy is routinely evaluated based on imaging 
outcomes. However, imaging‑observed changes in tumor 
volume are not notable in certain patients receiving effective 
treatment, but imaging cannot be performed prior to each 
chemotherapy cycle due to radiation exposure, and this may 
result in a failure to detect recurrence and/or metastasis in a 
timely manner. Therefore, there is an increasing requirement 
for convenient tools to detect responsiveness to treatment and 
predict prognosis in patients with SCLC in order to optimize 
disease management.

Several tumor markers have been used in patients 
with SCLC to improve diagnosis and treatment selection. 
Progastrin‑releasing peptide (ProGRP) and neuron‑specific 
enolase (NSE) are the most commonly used tumor markers 
in SCLC (5,6). NSE has been the traditionally recommended 
tumor marker for SCLC. However, several studies have 
demonstrated that the diagnostic proficiency of ProGRP was 
higher than that of NSE in SCLC (7). McDonald et al first 
isolated gastrin‑releasing peptide (GRP) from gastric nerve 
fibers in 1978 (8). In 1988, immunohistochemical studies 
confirmed the presence of GRP and its peptide precursor in 
SCLC cell lines. Since then, several studies have investigated 
the potential use of GRP as a biomarker in SCLC; however, 
this was found to be challenging because GRP was unstable in 
plasma and therefore, GRP levels were difficult to measure 
accurately. ProGRP is the precursor of GRP and is more 
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stable than GRP in plasma. Circulating ProGRP has been 
demonstrated to be an effective biomarker for discriminating 
SCLC from non‑small cell lung cancer and benign lung 
diseases with high sensitivity and specificity (9,10). Numerous 
studies have focused on serum ProGRP and NSE as tumor 
markers for diagnosing patients with SCLC. However, few 
studies have prospectively evaluated the use of ProGRP 
and NSE levels as therapeutic and prognostic indicators in 
patients with SCLC (11), particularly in patients with SCLC 
with higher ProGRP levels at diagnosis. In the present study, 
the changes of the ProGRP levels in the responder group and 
non‑responder group were observed, and whether changes in 
ProGRP levels may predict treatment response for SCLC was 
investigated.

Materials and methods

Patients. Data were retrospectively collected regarding 
285 patients with SCLC who were initially diagnosed at 
The First Affiliated Hospital of the University of Science 
and Technology of China between January 2015 and 
October 2018, and complete information was available for 
120 cases. A diagnosis of SCLC was made pathologically 
using bronchoscopic biopsies, CT‑guided needle lung biop‑
sies, or surgically resected specimens. The following inclusion 
criteria were used: i) Diagnosis was confirmed pathologi‑
cally; ii) patients were first diagnosed prior to receiving any 
treatment; iii) NSE and ProGRP levels were measured prior 
to treatment; iv) NSE and ProGRP levels were measured at 
several time points throughout the treatment period; v) the 
entire chemotherapy process was performed in the hospital, 
with a 6‑month follow‑up time; and vi) indicators associated 
with renal function, including creatinine, creatinine clear‑
ance rate, and urine nitrogen were at normal levels. Based 
on Response Evaluation Criteria in Solid Tumors version 1.1, 
the treatment response was divided into responder and 
non‑responder groups (12). The responder group included 
patients who had a partial response (PR) and those who 
had a complete response (CR), and the non‑responder group 
included patients who had stable disease (SD) and those 
who had progressive disease (PD). Chemoresistance was 
defined as progression or relapse following first‑line treat‑
ment in patients with SCLC. ProGRP and NSE levels, and 
imaging outcomes were evaluated retrospectively at the 
time of diagnosis following two cycles of chemotherapy and 
post‑chemoresistance. The present study was approved by 
the Ethics Committee of The First Affiliated Hospital of the 
University of Science and Technology of China. Due to the 
retrospective nature of this study, written informed consent 
was not required.

ProGRP and NSE assay. Serum ProGRP and NSE levels were 
determined using an electrochemiluminescence immunoassay 
(ECLIA) on a Cobas E601 Analyzer system (Roche Applied 
Science). All specimens were processed within 6 h of collec‑
tion using a centrifugal protocol (2,200 x g for 10 min at room 
temperature). The serum ProGRP sensitivity cut‑off level was 
75.3 pg/ml, which was the same as that stated in the Roche 
reagent protocol (13). A high level of ProGRP was defined as 
the level of ProGRP above the normal reference range, and a 

low level of ProGRP was defined as a value within the normal 
reference range.

Statistical analysis. All the statistical analyses were 
performed using GraphPad Prism version 8.5 (GraphPad 
Software, Inc.) and SPSS version 19.0 (IBM Corp.). All data 
are presented as the median and quartiles (Q, 25 and 75th 
percentiles), and statistical analysis was performed using 
Friedman's test, followed by the Nemenyi post‑hoc test. 
Receiver operating characteristic (ROC) curves were used to 
display the correlation between sensitivity and specificity, and 
the therapeutic efficacy was assessed by calculating the area 
under curve (AUC). Survival rate curves were drawn using 
the Kaplan‑Meier method, and the log‑rank test was used to 
compare the differences in the curves. Changes in ProGRP 
and NSE levels following chemotherapy were performed using 
the Wilcoxon signed‑rank test. P<0.05 was considered to indi‑
cate a statistically significant difference.

Results

Baseline clinicopathological features of patients with SCLC. 
Of the total 285 patients with SCLC, 58 (20.4%) had limited 
disease (LD) and 227 (79.6%) had extensive disease (ED), 
and 26.6% (68/256) of patients had a low level of ProGRP 
and74.4% (188/256) had a high level of ProGRP. A total of 
80% (228/285) of the total 285 patients with SCLC were 
male (Table SI). Among the 120 patients with SCLC, the 
median age was 64 years (range, 43‑85 years). Ninety‑nine 
(82.5%) patients were male and 21 (17.5%) were female. Seventy 
patients were non‑smokers and 50 were current or ex‑smokers. 
Twenty‑three patients had LD at the time of diagnosis, and 
the other 97 patients had ED. The median level of ProGRP 
in patients with LD was 589 pg/ml (Q, 55.74‑2,263.00 pg/ml), 
and the median level of ProGRP in patients with ED was 
1,742 pg/ml (Q, 137.2‑4,006.5 pg/ml; Table I).

ProGRP as a therapeutic biomarker. Changes in ProGRP 
and NSE levels in the 120 patients with SCLC were analyzed, 
including at diagnosis, following two cycles of chemotherapy 
and following the occurrence of drug resistance, and levels 
of serum ProGRP and NSE were also measured prior to 
the start of chemotherapy. The highest point of detection 
of ProGRP is 5,000 pg/ml, and results >5,000 pg/ml were 
reported as 5,000 pg/ml. Levels of serum ProGRP and NSE 
significantly decreased following two cycles of chemotherapy 
(P<0.001) and significantly increased following drug resis‑
tance (P<0.001; Fig. 1). Figs. 2 and 3 are the breakdown data 
of Fig. 1. There were 88 responders and 32 non‑responders. In 
the responders, serum ProGRP levels following two cycles of 
chemotherapy were significantly lower than baseline levels at 
diagnosis (P<0.001; Fig. 2A). In non‑responders, following two 
cycles of chemotherapy, there were no significant decreases in 
serum ProGRP concentrations (Fig. 2B; P=0.752). This was 
also the case for the concentrations of NSE in patients with 
SCLC (Fig. 3).

Decline in ProGRP levels predicts objective response to treat‑
ment. The association between decreases in serum ProGRP 
and NSE levels and the effectiveness of SCLC chemotherapy 
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are shown in Fig. 4. Serum ProGRP levels were associated 
with greater diagnostic accuracy and were predictive of a 
patient's objective response to SCLC chemotherapy; corre‑
sponding ROC curves showed a rate of ProGRP decline of 
0.8572 (cut‑off, 55.02%; P<0.001).

Notably, it was reported that following two cycles of treat‑
ment or drug resistance, further changes in ProGRP levels 
in patients with low ProGRP levels at the time of diagnosis 
were not notable (Fig. 5), regardless of whether patients were 
responders or non‑responders. The cut‑off level of serum 
ProGRP was 75.3 pg/ml, as specified by the reagent manu‑
facturer. The AUC for the decline in higher ProGRP levels 
as a biomarker for treatment monitoring of SCLC was 0.9643 
(P<0.001). A decline in ProGRP levels may be used as a good 
predictor of objective response to SCLC chemotherapy, and 
the cut‑off value also was 55.02% (Fig. 6).

To verify whether changes in ProGRP levels may be 
used to assess the efficacy of SCLC chemotherapy, the 

association between expression levels of ProGRP and NSE, 
as well as imaging characteristics of solid tumors, was inves‑
tigated. Patients with SCLC were diagnosed at an advanced 
disease stage and were treated with cisplatin combined with 
etoposide. From the imaging data, tumor shrinkage was 
observed and the treatment response was assessed as PR. Levels 
of ProGRP declined steadily and synchronously (Fig. 7); 
however, tumor size began to increase again following six 
cycles of chemotherapy. In line with the changes in tumor 
radiological characteristics, ProGRP levels steadily decreased 
from the start of treatment until five cycles of chemotherapy 
had been completed and then increased following six cycles 
of chemotherapy. Although NSE expression also significantly 
decreased from the start of treatment until five cycles of 
chemotherapy, it did not increase after six cycles of chemo‑
therapy. These data indicated that serum ProGRP maybe 
used as a potential biomarker for monitoring the therapeutic 
response in patients with SCLC.

Figure 1. Changes in ProGRP and NSE levels in the 120 patients with SCLC using non‑parametric tests. (A) Changes in ProGRP levels in SCLC; (B) changes 
in NSE levels in SCLC. ProGRP, progastrin‑releasing peptide; NSE, Neuron‑specific enolase; SCLC, small‑cell lung cancer.

Table I. Baseline characteristics of patients with small‑cell lung cancer.

Characteristic n (%) ProGRP, pg/ml (95% CI) P‑value NSE, ng/ml (95% CI) P‑value

Sex     
  Male 99 (82.5) 1,428 (70.3‑3568) 0.346 41.37 (19.98‑69.5) 0.236
  Female 21 (17.5) 2,583 (154.6‑4901.5)  43.92 (25.96‑113.45) 
Age     
  <64 58 (48.3) 2,064 (351.35‑3580.75) 0.168 45.46 (22.13‑79.55) 0.652
  ≥64 62 (51.7) 775.3 (59.15‑3870.25)  35.8 (20.60‑67.20) 
Smoking     
  Smoker 50 (41.7) 1,338.5 (95.67‑3407) 0.548 39.12 (18.93‑67.20) 0.259
  Non‑smoker 70 (58.3) 1,608 (67.28‑4458.25)  46.29 (23.16‑80.10) 
Stage      
  Limited  23 (19.2) 589 (55.74‑2263) 0.092 27.95 (19.24‑58.14) 0.133
  Extensive 97 (80.8) 1,742 (137.2‑4006.5)  46.44 (23.20‑76.38) 

ProGRP, progastrin releasing peptide; NSE, Neuron‑specific enolase; CI, confidence interval.
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Survival and prognosis according to ProGRP and NSE. 
Among the 120 patients with SCLC, median progression‑free 
survival (PFS) times were significantly shorter in patients with 
SCLC with ED (P=0.006) and higher ProGRP (P=0.048) and 
NSE (P=0.001) levels. However, no significant differences in 
PFS were identified when comparing male and female patients 
(P=0.904), older and younger patients (P=0.276), or smokers 

and non‑smokers (P=0.669). In multivariate analysis, the level 
of NSE [95% CI: 0.567 (0.384‑0.837); P=0.004] and disease 
stage [95% CI: 0.543 (0.322‑0.915); P=0.022] were prognostic 
factors of survival in patients with SCLC (Table II). The median 
PFS time was significantly longer in patients with lower levels 
of baseline serum NSE, according to Kaplan‑Meier survival 
curves (Fig. 8).

Figure 3. Changes in NSE levels in the 120 patients with SCLC prior to and following treatment using the Mann‑Whitney U test for (A) 88 responders and 
(B) 32 non‑responders. NSE, Neuron‑specific enolase; SCLC, small‑cell lung cancer.

Figure 2. Changes in ProGRP levels in the 120 patients with SCLC prior to and following treatment using the Mann‑Whitney U test for (A) 88 responders and 
(B) 32 non‑responders. ProGRP, progastrin releasing peptide; SCLC, small‑cell lung cancer.

Figure 4. ROC curves of rate of ProGRP and NSE decline on the therapeutic biomarker of SCLC. (A) ProGRP decline level in SCLC; (B) NSE decline level in 
SCLC. ROC, receiver operating characteristic; ProGRP, progastrin‑releasing peptide; NSE, Neuron‑specific enolase; SCLC, small‑cell lung cancer.
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Discussion

One of the main treatment methods for SCLC is chemotherapy, 
and first‑line treatment for SCLC is cisplatin combined with 
etoposide. The efficacy of chemotherapy is routinely evalu‑
ated based on imaging following two cycles of chemotherapy. 
Therefore, ProGRP and NSE serum concentrations and imaging 
outcome data at the time of diagnosis, after two cycles of 
chemotherapy, and following drug resistance, were obtained 
retrospectively. Previous studies have reported that serum 
ProGRP and NSE levels may provide useful diagnostic and 
prognosis value in SCLC (14,15). However, due to the lack of 
large‑scale clinical trial data, the role of ProGRP and NSE as 
biomarkers of treatment efficacy remains controversial (16). 
In the present study, information was collected regarding 
285 patients with SCLC who were hospitalized in The First 
Affiliated Hospital of University of Science and Technology 
of China, and 120 patients with complete information were 
analyzed. The clinical characteristics of the patients were 
consistent with those of previous studies (17,18). The results of 
the present study demonstrated that changes in serum ProGRP 
levels may be used as a biomarker to monitor therapeutic efficacy 
in patients with SCLC. Among the 120 patients with SCLC who 
were followed, levels of serum ProGRP in responders decreased 

significantly following chemotherapy, while there was no 
significant decrease in the concentration of serum ProGRP in 
non‑responders when comparing pre‑ and post‑treatment levels. 
Ono et al reported that a decline in serum ProGRP levels was 
strongly correlated with tumor diameter shrinkage prior to the 
third course of treatment (19). Changes in serum ProGRP levels 
showed better correlation with overall tumor diameter shrinkage 
than did changes in serum NSE levels. Therefore, the results 
demonstrated that changes in ProGRP, compared with NSE, 
were more reliable for monitoring treatment and predicting 
relapse in patients with SCLC.

Notably, the present study reported that 26.6% of patients 
with SCLC had a low level of ProGRP at diagnosis and had 
smaller changes in ProGRP levels following chemotherapy 
or recurrence, regardless of whether patients were responders 
or non‑responders, which may be associated with lower GRP 
expression levels in these SCLC patients. Wojcik and Kulpa 
reported that ~30% of patients with SCLC had low GRP 
expression levels (20), indicating that ProGRP levels would not 
be suitable as a clinical biomarker for this group of patients. 
Numerous studies have focused on serum proGRP as a diag‑
nostic marker for patients with SCLC. However, few studies 
have systematically assessed the role of proGRP levels in 
monitoring treatment efficacy in patients with SCLC (21,22). 
For patients with SCLC with high ProGRP levels at diagnosis, 
a model for predicting objective response to chemotherapy was 
established based on chemotherapy‑related decreased levels in 
serum ProGRP. The AUC for the decline in higher ProGRP 
levels as a therapeutic biomarker of SCLC was 0.9643, and 
the cut‑off value was 55.02%. Decreases in ProGRP levels 
may be a good predictor of the therapeutic response to SCLC 
chemotherapy. This predictive model may be used to replace 
imaging or be combined with imaging to evaluate treatment 
efficacy in patients with SCLC.

In addition, SCLC patient survival and prognosis were 
analyzed in the present study, and concentrations of NSE 
showed a clear association with prognosis in patients with 
SCLCs, which was weaker for ProGRP. We hypothesized 
that most of the SCLC patients with ProGRP levels in the 
normal range had low GRP expression levels, which may 
be a specific subtype of patients, who may be more likely 
to develop resistance to chemotherapy. Furthermore, in 

Figure 5. Changes of 32 SCLC patients with low‑value ProGRP levels at the time of diagnosis prior to and following treatment. (A) Responders. 
(B) Non‑responders. ProGRP, progastrin‑releasing peptide; SCLC, small‑cell lung cancer.

Figure 6. ROC curves associated with higher ProGRP levels that showed a 
decline in the therapeutic biomarker of SCLC (AUC, 0.9643; P<0.001). ROC, 
receiver operating characteristic; ProGRP, progastrin‑releasing peptide; 
SCLC, small‑cell lung cancer.
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multivariate analysis that included simultaneous evalu‑
ations of clinical parameters and concentrations of the 
two markers, NSE remained an independent predictor of 
survival (23).

In conclusion, changes in serum levels of ProGRP, which 
are initially high at the time of diagnosis, may aid in predicting 
the effectiveness of different chemotherapy regimens in 
patients with SCLC. There are certain limitations to the 

Figure 8. Kaplan‑Meier survival curves of progression‑free‑survival based on baseline serum NSE and ProGRP levels. (A) ProGRP and (B) NSE levels in 
SCLC. ProGRP, progastrin releasing peptide; NSE, Neuron‑specific enolase; SCLC, small‑cell lung cancer.

Figure 7. Dynamic change inpatient imaging characteristics and ProGRP and NSE levels. (A) Imaging characteristics; (B) ProGRP and NSE levels. 
ProGRP, progastrin releasing peptide; NSE, Neuron‑specific enolase.

Table II. Univariate and multivariate Cox proportional hazard models for survival.

Variable Univariate analysis HR (95% CI) P‑value Multivariate analysis HR (95% CI) P‑value

Sex, male vs. female 0.967 (0.565‑1.657) 0.904
Age, <64 vs. ≥64 0.806 (0.546‑1.188) 0.276
Smoking, yes vs. no 0.918 (0.620‑1.359) 0.669
Stage, LD vs. ED 0.483 (0.287‑0.815) 0.006 0.543 (0.322‑0.915) 0.022
ProGRP, high vs. low 0.664 (0.443‑0.996) 0.048 0.714 (0.475‑1.073) 0.105
NSE, high vs. low 0.530 (0.360‑0.781) 0.001 0.567 (0.384‑0.837) 0.004

HR, hazards ratio; CI, confidence interval; ProGRP, progastrin releasing peptide; NSE, Neuron‑specific enolase; LD, limited disease; 
ED, extensive disease.
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present study. The relatively small sample size may limit the 
generalization of the conclusions made, which will require 
further validation in larger cohorts. Further research will be 
required to determine whether there is cellular heterogeneity 
in patients with SCLC s who are either ProGRP‑negative or 
‑positive, and whether ProGRP‑negative patients should be 
considered a specific subtype of SCLC.
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