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Summary

Background: Primary lung cancer is one of the most preva-
lent malignant tumours in China. Small cell lung cancer
(SCLC) is a highly malignant, undifferentiated tumour
prone to metastasis and is usually diagnosed in its middle
or late stages. Pro-gastrin-releasing peptide precursor
(ProGRP) and neuron-specific enolase (NSE) tumour mark-
ers are recommended in the literature for early diagnosis.

Objective: The purpose of this research is to probe the
diagnostic value and therapeutic efficacy of serum levels of
ProGRP and NSE in SCLC to enhance the level of clinical
diagnosis.

Methods: A total of 84 SCLC patients who were admitted
to our hospital from December 2022 to March 2024 were
included in the SCLC group. The NSCLC group consisted
of 45 patients diagnosed with NSCLC, while the benign
lung disease group consisted of 57 patients diagnosed with
non-cancerous lung conditions. Furthermore, the healthy
control group comprised 60 healthy individuals. The serum
levels of ProGRP and NSE were compared across all four
groups.

Results: The SCLC group exhibited considerably elevated
serum ProGRP and NSE levels compared to the healthy
control group, benign lung disease group, and NSCLC
group (P<0.05). ProGRP and NSE values were higher in
limited-stage SCLC than in extensive-stage SCLC
(P<0.05). The ROC curve displayed that the critical value
of ProGRP for diagnosing SCLC was 136.49 pg/mL, the
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Kratak sadrzaj

Uvod: Primarni rak pluéa je jedan od najrasprostranjenijih
zloéudnih tumora u Kini. Rak malih ¢elija pluéa (SCLC) je
visoko maligni, nediferencirani tumor sklon metastazama i
obi¢no se dijagnostikuje u srednjim ili kasnim fazama.
Tumor markeri peptid koji oslobada progastrin (ProGRP) i
neuron-specifi¢na enolaza (NSE) su u literaturi preporuceni
za rano dijagnostikovanje.

Cilj: Svrha ovog istraZivanja je da ispita dijagnosticku vred-
nost i terapeutski u€inak nivoa ProGRP i NSE u serumu kod
SCLC-a kako bi se poboljSao nivo klinicke dijagnoze.
Metode: Ukupno 84 pacijenta sa SCLC-om koji su primljeni
u naSu bolnicu od decembra 2022. do marta 2024. su
uklju€eni u grupu sa SCLC-om. Grupu sa NSCLC-om je
¢inilo 45 pacijenata, dok je grupu sa benignim pluénim
bolestima ¢inilo 57 pacijenata sa benignim stanjima. Pored
toga, grupa zdravih kontrolnih pacijenata se sastojala od
60 zdravih pojedinaca. Nivoi ProGRP-a i NSE-a u serumu
su uporedivani medu sve Cetiri grupe.

Rezultati: Grupa sa SCLC-om je pokazala znaajno
povisene nivoe ProGRP-a i NSE-a u serumu u poredenju sa
kontrolnom grupom, grupom sa benignim pluénim bolesti-
ma i grupom sa NSCLC-om (P<0,05). Vrednosti ProGRP-
a i NSE-a su bile vise u ogranicenom stadijumu SCLC-a
nego u proSirenom stadijumu SCLC-a (P<0,05). ROC
kriva je pokazala da je kriticna vrednost ProGRP-a za dijag-
nostikovanje SCLC-a 136,49 pg/mL, da je povrSina ispod
krive (AUC) 0,869, da je senzitivhost dostigla 80,00%, a
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area under the curve (AUC) was 0.869, the sensitivity
attained 80.00%, and the specificity reached 84.87%, indi-
cating a better diagnostic efficacy than that of NSE
(P<0.05).

Conclusions: The tumour markers ProGRP and NSE levels
are of paramount significance for the clinical diagnosis and
staging of SCLC patients. ProGRP is a more specific and
sensitive tumour marker for SCLC than NSE and can be
employed as an auxiliary diagnostic tool for SCLC. Thus, it
is worth promoting ProGRP in a clinical setting.

Keywords: small cell lung cancer, serum ProGRP serum
NSE, tumour marker, application value

Introduction

ProGRP and NSE are recommended tumour
markers for SCLC. Nevertheless, recent studies have
reported that NSE has low sensitivity in the early
stages of SCLC and may yield positive expressions in
NSCLC and hemolysed samples, limiting its clinical
utility. ProGRP is a newly discovered tumour marker,
but its value in SCLC diagnosis still requires further
validation. Therefore, our research intends to com-
pare and analyse the application value of serum
ProGRP and NSE in SCLC diagnosis, with the hope of
offering some assistance in the early diagnosis and
treatment of SCLC.

Primary lung cancer is among China's most fre-
quently seen malignancies, which can be divided into
two primary types: SCLC and NSCLC. SCLC is a type
of neuroendocrine tumour that is highly malignant
and undifferentiated and is characterised by its ten-
dency to metastasise early in its development,
accounting for 15%-20% of all lung cancer cases and
commonly occurring in middle-aged and elderly pop-
ulations (1-3). During its initial stages, SCLC may not
display any symptoms. However, in the middle and
late stages of the disease, symptoms such as cough-
ing, shortness of breath, weight loss, fatigue, pain,
hemoptysis, and other related symptoms may present
themselves. Severe cases may also present with symp-
toms such as Horner syndrome, carcinoid syndrome,
or Cushing's syndrome (4-5). Under clinical circum-
stances, surgery is only considered for less than 5% of
early-stage patients with tumours limited to pul-
monary parenchyma. At the same time, limited-stage
SCLC is primarily treated with concurrent chemora-
diotherapy or sequential chemotherapy and radiother-
apy, and extensive-stage SCLC is mainly treated with
chemotherapy and then local or metastatic lesion
therapy at a selected time point (6). Reportedly, SCLC
shows a poor prognosis due to its early rapid metas-
tasis and fast growth, so early diagnosis and treat-
ment are crucial for its prevention and management.
Histopathological examination is the gold standard
for diagnosing SCLC, but it is an invasive test for
which patients have poor tolerance, making it unsuit-
able for clinical screening (7). Therefore, seeking sen-

specificnost 84,87%, Sto ukazuje na bolju dijagnosti¢ku
efikasnost u poredenju sa NSE-om (P<0,05).

Zaklju€ak: Tumor markeri ProGRP i nivo NSE-a su od
najveée vaznosti za klinicku dijagnozu i stadijum SCLC
pacijenata. ProGRP je specifi¢niji i osetljiviji tumor marker
za SCLC u poredenju sa NSE-om i moZe da se koristi kao
pomocni dijagnosticki alat za SCLC. Stoga se preporucuje
upotreba ProGRP-a u kliniEkom okruzZenju.

Kljucne reci: rak malih ¢elija pluéa, serum ProGRP
serum NSE, tumor marker, primenjena vrednost

sitive and accurate serum markers carries great clini-
cal value in the early detection and diagnosis of SCLC
and in improving patient treatment outcomes and
survival.

Currently, the recommended tumour markers
for SCLC primarily encompass ProGRP and NSE
according to the guidelines (8). NSE is an acid pro-
tease unique to neurons and neuroendocrine cells.
High levels of NSE can be monitored in the serum of
patients with tumours originating from neuroectoder-
mal or neuroendocrine tissues (9). Studies have dis-
closed that NSE is abnormally expressed in SCLC
patients and is dramatically elevated in NSCLC
patients. Among different tissue types of lung cancer
tissues and serum, SCLC boasts the highest content
of NSE (10). However, recent reports have suggested
that NSE demonstrates low sensitivity in the early
detection of SCLC, and positive expressions quickly
occur in NSCLC and hemolytic specimens, which lim-
its its clinical application (11). GRP is a gastrointesti-
nal hormone in the average human brain, gastroin-
testinal neural fibres, and fetal lung neuroendocrine
tissues. ProGRP, the precursor structure of GRF, is
extensively present in non-gastric antrum tissues,
nerve fibres, and neuroendocrine cells in the brain
and lungs (12). ProGRP is categorised into three
molecular subtypes based on differences in partial
amino acid residues, and they have a common C-ter-
minal sequence of ProGRP. Research experiments
have provided evidence to support the claim that
ProGRP can act as a new tumour marker for SCLC by
indicating GRP's level and gene expression (13).
Nonetheless, its value in SCLC diagnosis still needs
further confirmation.

Based on this, the present research retrospec-
tively analysed the clinical data of SCLC patients,
measured ProGRP and NSE levels in the patient
serum, and evaluated their diagnostic values for SCLC
patients. The aim is to offer more valuable insights
into the treatment and prognosis of SCLC patients.
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Materials and Methods
General data

Staging criteria for lung cancer. According to
the staging system of the Veterans Administration
Lung Study Group (VALG) in the United States (14),
SCLC is determined as a limited stage if the tumour
tissues are present in the ipsilateral thoracic cavity,
mediastinum, and supraclavicular areas, and as an
extensive stage if the tumour tissues extend beyond
the limited stage area.

Inclusion and exclusion criteria

The inclusion criteria for SCLC and NSCLC
groups were as follows: (1) Conforming to the diag-
nosis criteria indicated by the 2019 Clinical Diagnosis
and Treatment Guidelines for Lung Cancer of the
Chinese Medical Association (15); (2) Eastern
Cooperative Oncology Group (ECOG) score <2
points and expected survival time 23 months; (3) Age
>18 years old; (4) At least one measurable lesion; (5)
Pathological diagnosis of lung cancer confirmed by
bronchoscopy or lung puncture biopsy.

Inclusion criteria for the benign lung disease
group: Patients were diagnosed with benign lung dis-
eases such as lung infection, pulmonary nodules, and
pulmonary bullae based on clinical symptoms, physi-
cal signs, blood routine examinations, and chest X-ray
examinations.

Exclusion criteria for all study subjects: (1)
Patients with other malignant tumours; (2) Patients
with severe gastrointestinal, liver, kidney, or cardiovas-
cular diseases; (3) Patients with severe coagulation
disorders or cardiovascular diseases; (4) Patients with
mental disorders who were unable to cooperate with
the clinical study.

Specimen collection

The study harvested 3 mL of venous blood from
the study subjects in a fasting state during the early
morning. The collected samples were subjected to
quiescence for 15-30 minutes, followed by centrifu-
gation (3000 r/min, 15 min) at room temperature
(RT). Subsequently, they were subjected to serum
analysis. Samples that could not be promptly analysed
were stored at -20 °C until testing, with repeated
freeze-thaw cycles and heating of the specimens
strictly prohibited (16). ProGRP and NSE determina-
tions were performed on all specimens.

Observation of indicators

Observation and recording of ProGRP and NSE
concentrations in the serum of all groups

According to the manufacturer's instructions,
the expression of ProGRP was analysed on the auto-
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mated chemiluminescence immunoassay analyser
(Mindray CL-6000i, China). The automatic electro-
chemiluminescence immune analyser Elec-sys2010
(Roche Diagnostics, Switzerland) was harnessed to
examine NSE quantitatively. The critical value of NSE
was set at 17 pg/mL.

Observation and recording of ProGRP and NSE
concentrations in limited- and extensive-stage
SCLC

The recording method was the same as before.

Evaluation of the diagnostic value

With the purpose of evaluating the diagnostic
efficiency of serum ProGRP and NSE for small cell
lung cancer (SCLC), the receiver operating character-
istic (ROC) curve was employed. The ROC analysis
compared the area under the curve (AUC), sensitivity,
specificity, and Youden index.

Evaluation of treatment methods and efficacy

Eighty-four SCLC patients received two cycles of
chemotherapy consisting of etoposide and cisplatin.
The specific administration method involved the fol-
lowing: Etoposide was administered at a dose of 0.1
g, added to 250 mL of 0.9% sodium chloride for
intravenous drip in a light-avoiding manner, complet-
ed within 30 to 90 minutes from the 1st to the 5th
day. Cisplatin (80 mg/mL) was diluted in 250-500
mL of 0.9% sodium chloride and intravenously trans-
fused over 2-3 hours from the 1st to the 4th day. The
cycle was repeated every 21 days for a total of 2
cycles.

According to the RECIST 1.1 criteria for solid
tumours, established by the World Health Orga-
nization in 2009 (17), treatment efficacy was evaluat-
ed. Complete response (CR) indicates the absence of
all target lesions, no new lesions, and normalisation
of tumour markers for at least 4 weeks. Partial
response (PR) is characterised by a reduction of at
least 30% in the sum of the maximum diameters of
the target lesions (for a minimum duration of 4
weeks). Stable disease (SD) refers to a reduction in
the sum of the maximum diameters of the target
lesions that do not meet the PR criteria or an increase
that does not meet the PD criteria. Progressive dis-
ease (PD) is recognised as either the emergence of
new lesions or an increase of 20% or more in the sum
of the maximum diameters of the target lesions. The
overall clinical response rate (RR)=(PR+CR) / total
cases X 100%. The duration between the com-
mencement of therapy and disease progression or
patient death was defined as progression-free survival
(PFS). The PFS of all study subjects was recorded to
assess their prognosis (18).



948 Wang, Yu: The value of ProGRP in small cell lung cancer

Assessment of the relationship between serum
ProGRP and NSE levels and age, gender, smok-
ing history, staging, etc., in SCLC patients

ProGRP and NSE levels in the serum of SCLC
patients were quantitatively determined using the
automated Chemiluminescence Immunoassay
Analyzer (Mindray CL-6000i) and the automatic elec-
trochemiluminescence immunoassay analyser Elecsys
2010 (Roche Diagnostics, Switzerland). The correla-
tion between these levels and the patient's age, gen-
der, smoking history, staging, distant metastasis, and
tumour diameter was also evaluated.

Statistical analysis

The data were analysed using the IBM
SPSS21.0 software (SPSS Inc., Chicago, IL, USA).
Measurement data were represented as (X=*s).
Moreover, t-tests were performed for comparisons
between two groups, and a one-way analysis of vari-
ance (the SNK method) was taken for multiple-group
comparison. Enumeration data were exhibited as (n,
%). Univariate comparisons were made employing c2.
The ROC curve was capitalised to evaluate the
ProGRP and NSE diagnostic value for SCLC. If
P<0.05, variances held statistical significance.

Results

Based on a retrospective analysis of clinical data
from 84 SCLC patients and 45 NSCLC patients
admitted to our hospital between December 2022
and March 2024, there were 53 male and 31 female
patients in the SCLC group, including 38 with limited-

stage SCLC and 46 with extensive-stage SCLC. The
NSCLC group included 27 male and 18 female
patients. In the benign lung disease group, there
were 57 patients (34 males and 23 females) treated
in our outpatient or inpatient departments during the
same period, including those with pulmonary tuber-
culosis (15 cases), tuberculous pleurisy (8 cases), pul-
monary infection (14 cases), pulmonary cysts (12
cases), and chronic obstructive pulmonary disease (8
cases). The control group consisted of 60 healthy
individuals who underwent health checkups at our
hospital and were randomly selected (35 males and
25 females). All patients understood the details of this
study and voluntarily provided informed consent by
signing the document. There was no statistically sig-
nificant difference in the general information among
the groups (P>0.05), indicating comparability (see
Table ).

Detection outcomes of serum ProGRP and NSE
in each study group

Through observation of serum ProGRP and NSE
concentrations in each group, we discovered that the
serum levels of ProGRP (314.43+5.54 pg/mL) and
NSE (124.54+3.84 pg/mL) in the SCLC group were
greater than those in the healthy control group, the
benign lung disease group, and the NSCLC group,
with the difference being statistically significant
(P<0.05). This finding denoted that statistical differ-
ences existed (P<0.05) in serum ProGRP and NSE
levels among the four groups: healthy control, benign
lung disease, SCLC, and NSCLC. ProGRP and NSE
levels demonstrated a significant function in diagnos-
ing SCLC patients (Table I1).

Table | Comparison of general data among the groups (n, %) (xxs).

SCLC group NSCLC group Benlgn lung Healthy control
General data (n=84) (n=45) disease group group F/c2 P value
(n=57) (n=60)

Male 53 27 34 35
Gender (case) 6.782 0.079

Female 31 18 23 25
Age (years old) - 62.54+11.83 63.89+13.95 62.52+19.78 60.53+22.98 2.580 0.054
BMI (kg/m2) - 24.23+6.88 25.98+6.76 24.24+7.43 24.22+7.38 2.580 0.055
Diameter of tumour >5 49 32 b - 2.048 0.152
(cm) <5 35 13 ] ]
Smoking history Yes 55 26 28 29 5.646 0.130
(case) No 29 19 29 31
Family history of Yes 38 26 21 25 4.770 0.189
tumour (case) No 46 19 36 35
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Table 1l Comparison of ProGRP and NSE concentrations in each group (x*s).

Group ProGRP (pg/mL) NSE (pg/mL)
Healthy control (n=60) 5.56+0.68 7.64+1.13
Benign lung disease (n=57) 24.32+4.36® 27.56+5.26®

NSCLC (n=45)

56.68+6.32®@®

48.62+5.21®®

SCLC (n=84) 214.43+61.54®®® 124.54+33.84®®®
F 461.859 433.761
P value <0.001 <0.001

Note: By contrast with the healthy control group, ®P<0.05 versus the benign lung disease group, ®P<0.05; vis-a-vis the NSCLC

group, ®P<0.05.

Comparison of serum ProGRP and NSE levels in
SCLC patients with different stages

Observation of ProGRP and NSE levels in the
serum of SCLC patients at different stages suggested
that the serum levels of ProGRP (268.35+4.66
pg/mL) and NSE (98.41+3.76 pg/mL) in extensive-
stage SCLC were higher than those in limited-stage
SCLC [ProGRP (154.42+4.55 pg/mL) and NSE
(57.69+6.33 pg/mL)], with the difference deemed
statistically significant (P<0.05).

Diagnostic value of serum ProGRP and NSE lev-
els in SCLC

The diagnostic value of serum ProGRP and NSE
levels in SCLC was evaluated by plotting ROC curves.
The results indicated that the critical value of ProGRP
for diagnosing SCLC was 136.49 pg/mL, with an
AUC of 0.869, a sensitivity of 80.00%, and a speci-
ficity of 84.87% (P<0.05). The critical value of NSE
for SCLC diagnosis was 76.87 pg/mL, with an AUC
of 0.696, a sensitivity of 70.00%, and a specificity of
69.75% (P<0.05). Serum ProGRP demonstrated sig-
nificantly higher values for AUC, sensitivity, and speci-
ficity in diagnosing SCLC than serum NSE, indicating
that ProGRP is a better diagnostic marker for SCLC
than NSE. See Table IV and Figure 1.

The correlation between chemotherapy efficacy
and serum ProGRP and NSE levels in SCLC
patients

After receiving two cycles of chemotherapy and
using the ROC threshold value as the grouping crite-

Table Il Comparison of ProGRP and NSE levels between
limited-stage and extensive-stage SCLC (x%s).

Group ProGRP (pg/mL) NSE (pg/mL)
Limited-stage
SCLC (n=38) 154.42+4.55 57.69+6.33
Extensive-stage  ,¢1 3514 66 98.41+3.76
SCLC (n=46) R T
T 105.795 36.543
P value <0.001 <0.001

Figure 1 Diagnostic value of serum ProGRP and NSE lev-
els in SCLC.

Table 1V Diagnostic value of serum ProGRP and NSE levels in SCLC.

Indicator Cut-off AUC Sensitivity
ProGRP >136.49 pg/mL 0.869 80.00%
NSE >76.87 pg/mL 0.696 70.00%

Specificity Youden index 95%ClI p
84.87% 0.649 0.767~0.971 <0.001
69.75% 0.398 0.507~0.885 0.043
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Table V The relationship between chemotherapy efficacy and serum ProGRP and NSE levels in SCLC patients (n, %; x+s).

Group Case

High ProGRP level
group (>136.49 45
pg/mL)

Low ProGRP level

group (<136.49 39
pg/mL)

T/%2 value

P value

NSEHigh NSE level
group (>76.87 40
pg/mL)

NSELow NSE level

group (<76.87 44
pg/mL)

T/c2 value

P value

CR

15 (33.33)

10 (25.64)

12 (30.00)

10 (22.73)

PR SD

7 (15.56) 13 (28.89)

18 (46.15) 6 (15.38)

9.707

0.021

18 (45.00) 6 (15.00)

15 (34.10) 9 (20.45)

3.443

0.328

PD RR

10 (22.22) 22 (48.89)

5 (12.82) 28 (71.79)
4550
0.033

4 (10.00) 30 (75.00)

10 (22.73) 25 (56.82)
3.064
0.080

PFS
(month, x+s)

8.23+2.45

9.21+2.65

1.760

0.082

6.57+2.38

6.73+3.24

0.253

0.801

Complete response, CR; Stable disease, (SD); Partial Response, (PR); response rate, (RR); Progressive disease, (PD).

Table VI The association between SCLC patients' serum ProGRP and NSE levels and their age, gender, smoking history,

staging, etc (xzs).

General
information

Male
Gender
(case)

Female

<60
Age

>60

Yes
Smoking status

No

Limited-stage

SCLC
Staging
Extensive-stage
SCLC
No
Distant metastasis
Yes
<5 cm
Diameter of
tumour
S5 cm

Case

53

31

33

51

55

29

38

46

39

45

49

35

ProGRP (pg/mL) T

215.59+62.87

0.220
212.45+63.33
212.90+62.12

0.184
215.42+61.03
214.65+64.88

0.043
214.01+65.43
198.34+64.41

2.445
227.72+45.41
199.89+62.46

2.398
227.03+40.23
202.78+62.87

2.285

230.74+42.34

P value NSE (pg/mL)

123.32+32.36
0.826

126.63+34.24

122.54+34.12
0.855

125.83+32.06

123.53+32.24
0.966

126.46+33.27

109.98+31.33
0.017

136.57+32.87

11556+32.98
0.019

132.32+31.34

114.67+34.52
0.025

138.36+25.85

T P value
0.443 0.659
0.448 0.655
0.392 0.696
3.769 <0.001
2.386 0.019
3.429 0.001
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rion, 45 SCLC patients were classified into the high
ProGRP level group, and 39 were classified into the
low ProGRP level group. Our data showed that clini-
cal chemotherapy efficacy was better in the low
ProGRP level group than in the high ProGRP level
group (P<0.05). However, no statistically significant
difference was found in progression-free survival
(PFS) between the two groups (P>0.05).
Additionally, 40 SCLC patients were in the high NSE
level group, while 41 were in the low NSE level group.
There was no statistically significant difference in
chemotherapy efficacy or PFS between these two
groups (P >0.05), see Table V. These findings indi-
cate that SCLC patients with higher serum ProGRP
levels had worse chemotherapy efficacy, suggesting
that serum ProGRP levels could reflect chemotherapy
efficacy in SCLC patients.

The association between SCLC patients' serum
ProGRP and NSE levels and their age, gender,
smoking history, and staging

Further analysis was conducted to investigate
the correlation between the serum levels of ProGRP
and NSE in SCLC patients and their age, gender,
smoking history, and staging. The outcomes hinted
that the levels of ProGRP and NSE had no evident
correlation with age, gender, or smoking status
(P>0.05) but were obviously related to staging.
Furthermore, the levels of ProGRP and NSE in exten-
sive-stage SCLC [ProGRP (227.72+45.41) pg/mL;
NSE (136.57+32.87) pg/mL] were notably higher
than those in limited-stage SCLC [ProGRP
(198.34+64.41) pg/mL; NSE (109.98+31.33)
pg/mL] (P<0.05). ProGRP and NSE levels were evi-
dently higher in SCLC patients with lymph node
metastasis and tumour diameter 25 cm than in those
without lymph node metastasis and tumour diameter
<5 cm. The observed differences contained statisti-
cal significance (P<0.05). The study results are pre-
sented in Table VI.

Discussion

SCLC is a type of neuroendocrine tumour
marked by a high degree of malignancy and rapid dis-
ease progression, with early symptoms often being
inconspicuous, and it can manifest the characteristics
of neuroendocrine cells (19). As SCLC patients do not
show significant symptoms in the initial phase of the
iliness, the majority of them receive a diagnosis at an
advanced stage, posing a challenge to cure.
Therefore, rapid screening and diagnosis of SCLC are
of great medical and clinical value for healthcare pro-
fessionals.

As reported, both NSE and ProGRP can be
applied in SCLC diagnosis, but their diagnostic effi-
ciency differs (20). NSE is widely believed to be the
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preferred marker for various neural and neuroen-
docrine tissue cancers, as it is present in neural and
neuroendocrine cells. Nevertheless, its clinical appli-
cation is restricted due to its high false positive rate in
the early stages of SCLC and the potential for positive
outcomes in non-SCLC and hemolytic specimens
(21-23). The latest studies have unveiled that GRP
may act as an autocrine growth factor for a subgroup
of SCLC tumour cells, enabling rapid tumour growth.
ProGRP a proliferation factor of SCLC, is a product
encoded by genes with stable plasma levels (24-25).
Experimental studies have demonstrated that ProGRP
levels represent GRP levels and GRP gene expression,
making it a novel tumour marker for SCLC. ProGRP
has been increasingly applied and promoted in China
in the past two years (26).

In the present research, we measured the levels
of ProGRP and NSE in the serum of 84 SCLC
patients, 45 NSCLC patients, 57 patients with benign
lung diseases, and 60 healthy individuals. ProGRP
and NSE levels in the serum of SCLC patients were
higher than those of the healthy control group, the
benign lung disease group, and the NSCLC group.
Furthermore, the levels of ProGRP and NSE were ele-
vated in patients with limited-stage SCLC versus those
with extensive-stage SCLC, and the differences
between groups had statistical significance. These
findings reflected that ProGRP and NSE, which
served as tumour markers, exhibited high profiles in
SCLC patients and were inextricably associated with
the severity of the disease. Thus, ProGRP and NSE
could be utilised as critical diagnostic indicators for
SCLC in clinical practice, which is aligned with the
conclusion of Winther B et al. (27). This can be attrib-
uted to NSE generally being present in the tumour
cells of neuroendocrine tissues. When the tumour
cells containing NSE rupture, NSE spreads into the
blood, contributing to higher levels of NSE in the
serum of SCLC patients than in other patients or
healthy individuals (28). Additionally, SCLC cells can
generate and secrete GRP per se to modulate their
own growth in an autocrine mode and release GRP
into the tissues to stimulate the proliferation and
unlimited growth of the tumour by binding to GRP
receptors on the cell membrane, giving rise to an
increase in the serum levels of ProGRP (29).

To further establish the value of serum ProGRP
and NSE in assessing disease status in SCLC patients,
this research plotted ROC curves for SCLC diagnosis
employing serum ProGRP and NSE. As demonstrated
by the outcomes, the sensitivity, specificity, and
Youden index of ProGRP in diagnosing SCLC were
evidently higher than those of NSE. These findings
reflected that serum ProGRP and NSE exhibited a
high diagnostic efficacy for assessing SCLC patients'
iliness state and could serve as effective markers for
predicting disease progression. Moreover, ProGRP
appeared to be more effective than NSE in terms of
diagnostic efficacy.
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In clinical practice, chemotherapy is the main-
stay of treatment for patients with SCLC, and multiple
cycles of chemotherapy are required (30, 31). Using
the ROC threshold as the grouping criterion, the clin-
ical therapeutic effect of SCLC patients with different
serum ProGRP and NSE levels was compared. It was
disclosed that after two cycles of chemotherapy, the
clinical chemotherapy efficacy was higher in the low-
level ProGRP group than in the high-level ProGRP
group, while the low-level NSE group exhibited a
higher PFS level than the high-level NSE group
(P<0.05). These findings hinted that SCLC patients
with higher serum ProGRP levels showed poorer
chemotherapy efficacy and that serum ProGRP levels
could reflect the chemotherapy efficacy of SCLC
patients.

A meta-analysis of 27 studies found that serum
ProGRP is a reliable biomarker for diagnosing small
cell lung cancer, with a pooled sensitivity of 75.4%
and specificity of 94.5%, indicating a strong ability to
detect the disease. The results, which included a
diagnostic odds ratio of 53.1 and an area under the
curve of 0.91, suggest that proGRP can be widely
used in clinical settings to identify lung cancer
patients (32). Based on the study of Roseik et al. (33)
in 2023, 290 cases of lung neuroendocrine neo-
plasms (LNENs) found that ProGRP is an effective
biomarker for diagnosis, with median levels signifi-
cantly higher in LNEN patients (136.4 pg/mL) com-
pared to controls (6.5 pg/mL). Our study also con-
firmed these results. However, this might not always
stay as specific as mentioned in the literature. A case
report of an 86-year-old woman presented with symp-
toms and imaging findings suggestive of small-cell
lung cancer showed a significantly elevated ProGRP
level of 888 pg/mL but was ultimately diagnosed with
an atypical carcinoid tumour (34).

A study by Sun et al. (35) on 82 patients with
lung cancer found that serum levels of NSE
decreased significantly after radiotherapy, suggesting
that these biomarkers can be used to evaluate the
effectiveness of treatment. The study also found that
NSE levels were lower in patients who did not experi-
ence recurrence or metastasis (n=54) compared to
those who did (n=28), indicating that these biomark-
ers may have predictive value for prognosis (35).
While we have similarly compared these disease pro-
gression or treatment statistics, we did not find such
statistically significant findings.

Moreover, to dig deeper into the relationship
between the tumour markers ProGRP and NSE and
clinical pathological features, we gathered basic infor-
mation such as age, gender, smoking history, and
tumour stage of SCLC patients and examined the

variations in serum ProGRP and NSE levels in SCLC
patients with distinct characteristics. As a result, no
substantial statistical difference was discovered in
serum ProGRP and NSE levels between SCLC
patients with different genders, ages, and smoking
histories. Nevertheless, ProGRP and NSE serum levels
were dramatically elevated in patients with extensive-
stage SCLC, who had lymph node metastasis and a
tumour diameter of at least 5 cm, vis-a-vis patients
with limited-stage SCLC who had no lymph node
metastasis and a tumour diameter less than 5 cm.
Tumour diameter reflects the current growth status of
the tumour, while clinical staging and distant metas-
tasis tell the location of the primary lesion and the
extent of metastasis. These findings disclosed that
ProGRP and NSE might have significant reference
value in SCLC's occurrence, development, and
metastasis.

To conclude, the levels of tumour markers
ProGRP and NSE carry important clinical significance
for diagnosing and staging SCLC patients. ProGRP is
a more specific and sensitive tumour marker for SCLC
in contrast to NSE and can be adopted as an adjunct
diagnostic tool for SCLC, which is worth promoting in
a clinical setting. However, this study presented here
also has certain limitations, such as the inclusion time
and study population, which did not allow for a more
in-depth exploration of the impact of ProGRP and
NSE combined on diagnosing SCLC patients. This will
be further addressed in future research.

Conclusion

To summarise, the expression levels of tumour
markers ProGRP and NSE in the serum of SCLC
patients are higher than those in NSCLC patients,
patients with benign lung diseases, and healthy indi-
viduals. Furthermore, ProGRP and NSE serum levels
increase with tumour stage progression. Additionally,
ProGRP and NSE serum levels vary among SCLC
patients with different stages, lymph node metastasis,
and tumour diameters. Patients with advanced stages
of SCLC, lymph node metastasis, and larger tumour
sizes exhibit elevated levels of serum tumour markers.
Moreover, compared to NSE, ProGRP is a more spe-
cific and sensitive tumour marker for SCLC. This
research provides new insights for the diagnosis and
prognosis evaluation of SCLC patients and warrants
further clinical promotion and reference.
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