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Diagnostic value of ProGRP for small cell lung cancer in different
stages
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Background: To investigate the roles of gastrin-releasing peptide (ProGRP) in the diagnosis of small cell
lung cancer (SCLC).

Methods: We retrospectively analyzed data from 11,206 patients with clinical suspicion of lung cancer from
January 1, 2015 to May 31, 2018. ProGRP and neuron-specific enolase (NSE) were detected in peripheral
blood, and receiver operating characteristic curve (ROC) was used for analysis.

Results: ROC indicated that the cutoff values of ProGRP and NSE were 66 ng/L and 18 pg/L respectively,
and the diagnosis efficacy of ProGRP was greater than that of NSE (sensitivity: 86.5% vs. 78.8%; specificity:
96.5% vs. 86.3%, respectively) in the diagnosis of SCLC. Moreover, the median level of ProGRP in SCLC
increased with the accompanying stages (P<0.001). Further analysis showed that diagnostic efficacy can be
improved by using different cutoff values in different stages, but not stage I and II. The cut-off values of
ProGRP in the diagnosis of SCLC in stage I-II, IIT and IV were 56, 71 and 99 ng/L respectively. In addition,
the sensitivity (96.6% vs. 95.8% and 98.3% vs. 94.8%) and concordance rate (' =1,526.9 and 988.7, both
P<0.001) of detecting SCLC was improved by using different cutoff values compared with the only criteria
of ProGRP being >66 ng/L in stage III and IV, but not stage I-1I. Additionally, in stage III and IV, the
concordance rates of ProGRP >71 ng/L and ProGRP 299 ng/L were also higher than ProGRP >300 ng/L
(both P<0.001), which was conventionally indicated for SCLC.

Conclusions: ProGRP has significantly higher sensitivity and specificity than NSE in the diagnosis of
SCLC. Furthermore, special thresholds for every stage may be more reasonable for the diagnosis of SCLC.
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Introduction with an extremely high rate of proliferation and metastasis.

Small cell lung cancer (SCLC) and large cell neuro- Therapeutic strategies for non-small cell lung cancer

endocrine carcinoma (LCNEC) are aggressive neoplasms (NSCLC) are progressing rapidly (4-8), but there are
with poor prognosis (1-3). Both are generally associated limited cytotoxic drugs provided for SCLC and LCNEC.
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Thus, early and accurate detection of SCLC and LCNEC
is critical. Precise detection of tumor pathology types has
been pursued with routine approaches, such as the use of
image-guided percutaneous transthoracic needle biopsy
and bronchoscope. Despite this, those patients with limited
respiratory function and the location of tumors render
the above approaches of obtaining biopsy useless. These
unfortunate problems can be resolved with the cooperation
of tumor markers in multiple patients. Neuron-specific
enolase (NSE) as a traditional serum biomarker for the
diagnosis of SCLC, has been widely used in clinical practice,
but its specificity is not always satisfactory due to many
patients with NSCLC having raised NSE concentrations (9).
Likewise, higher NSE serum levels are found in hemolytic
specimens (9,10). Therefore, the discovery of more reliable
diagnosis tumor markers to compensate for the deficiency
of NSE is urgently needed. ProGRP is rarely expressed
in normal human adult tissues, except in placental and
embryonic tissues; it is more stable in the peripheral
blood and not disturbed by hemolysis, except for renal
dysfunction. Thus, many researches have suggested that
ProGRP has a higher specificity. Still, no consensus has
been reached concerning the discrepancy in the sensitivity
to SCLC of NSE and ProGRP (11,12). A review of the
literature indicates that ProGRP’s concentration is closely
related to the cancer stage (13-15); however, there is no
published research about whether the cut-off values of
ProGRP change with different stages in the diagnosis
of SCLC. Moreover, ProGRP’s diagnostic efficacy for
LCNEC, typical carcinoid and atypical carcinoid (TC
and AC), and type of pulmonary neuroendocrine tumor
(PNET) as SCLC, still remain unclear. Previous research
observed that high ProGRP level was also found in patients
with LCNEC, TC and AC (13,16-18). Therefore, we
retrospectively analyzed data to investigate the following: (I)
the differences in the sensitivity and specificity of ProGRP
versus NSE in the diagnosis of SCLC and other PNETS5;
and (II) the values of ProGRP and NSE in diagnosing
SCLC in addition to other PNETS in lung cancer patients
with different stages.

Methods
Study population

We retrospectively analyzed 11,206 patients under clinical
suspicion of lung cancer from January 1, 2015 to May 31,
2018 in Tianjin Medical University Cancer Institute and
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Hospital. Patients included in this study had no previous
malignant tumors and without history of antineoplastic
therapy. Other inclusion and exclusion criteria are
summarized in Figure 1. Ultimately, 659 patients were
confirmed to be benign lung disease (BLD), including
infectious diseases [340] and noninfectious diseases [319].
In accordance with the 2015 WHO classification (19),
lung cancers were diagnosed by histopathology and were
categorized as NSCLC [including: adenocarcinoma
(4,492 cases), squamous cell carcinoma (1,461 cases),
adenosquamous carcinoma (39 cases), large cell carcinoma
(76 cases), sarcomatoid carcinoma (59 cases), salivary
gland-type tumor (26 cases), NSCC NOS (215 cases)],
SCLC (827 cases, including 70 cases combined small cell
carcinoma), LCNEC (56 cases) and pulmonary carcinoid
tumor (29 cases). Tumor staging was defined according to
the recommendations of the “Eight Edition AJCC Cancer
Staging Manual” [2017] and the Veterans Administration
Lung Cancer Group A Staging System.

Data collection

The serum levels of tumor markers were analyzed
prior to treatment while patients were at the fasting
state. Blood samples of about 4 mL were obtained by
venous puncture and centrifuged at 3,000 rpm. Assay
for serum NSE and plasma ProGRP were measured by
electrochemiluminescence immunoassay analyzer (Roche,
Germany). The upper limit value (ULV) in the normal
range of NSE and ProGRP was 15.2 pg/L and 63 ng/L

respectively.

Statistical analysis

Statistical analyses were done with SPSS for Windows
(version 22.0) and MedCalc (version 15.2.2). Data were
expressed as median and interquartile range (IQR). The
incidence of different pathological types was calculated
as fractions in this study. Continuous variables were
tested with the Kruskal-Wallis and Mann-Whitney U
test. The Chi-squared and Fisher exact tests were used
to compare categorical data, and confidence intervals of
proportions were calculated with the Wald (asymptotic)
method. Sensitivity, specificity, areas under the curves
(AUCs) and optimal cutoff value were calculated by
operating characteristic curve (ROC). Delong’s test was
used to compare the difference of AUCs. Scatter plots
were constructed to indicate the relationship between
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11,206 patients screened

Y

7,939 patients
® 6,368 NSCLC (3,206 surgery)
® 827 SCLC (3,206 surgery)
* 56 LCNEC (30 surgery)
e 29 AC/TC (20 surgery)
® 659 BLD (591 surgery)

3,267 excluded
® 419 non-primary lung cancers*
* 30 BLD had previous malignant tumor
e 21 BLD combined with malignant tumor
* 1,004 history of therapy
¢ 1,176 without information of histopathology
* 611 without values of ProGRP
® 6 eGFR <30 ml/min

| 470 lung cancers without information of TNM stage

Y

2,184 stage |
757 stage Il
1,750 stage Il
2,119 stage IV

Y

Diagnostic exploration

~| es9BLD

Figure 1 Study profile. ¥, non-primary lung cancers: (I) metastasis from other tumors; (II) double primary tumor; (III) unknown. NSCLC,

non-small cell lung cancer; SCLC, small cell lung cancer; LCNEC, large cell neuro-endocrine carcinoma; AC, atypical carcinoid; TC,

typical carcinoid; BLD, benign lung disease.

pathological types and the levels of tumor markers, with the
use of GraphPad Prism 5 software. P<0.05 was considered
statistically significant.

Results
The levels of tumor markers in different lung tumors

After excluding patients using the selection criteria
(Figure 1), 7,939 cases were deemed eligible for this
study. Clinicopathological characteristics of patients are
summarized in Table S1.

The distribution of ProGRP and NSE in patients is
shown in Figures 2,S1; compared to the BLD, the ProGRP
level was significantly higher in lung cancer patients (median
32.6 vs. 36.7 ng/L, P<0.001), while slightly elevated
ProRGP levels were found in BLD compared to NSE (2.0%
vs. 6.2%). In all patients with lung tumors, the highest
level of ProGRP was in SCLC (median 32.6 ng/L), then
LCNEC (median 32.6 ng/L), followed by NSCLC (median
32.6 ng/L) and TC/AC (median 32.6 ng/L) (P<0.001). It
was interesting to note that ProGRP seem to be abnormally
higher in poorly-differentiated neuroendocrine carcinoma

© Journal of Thoracic Disease. All rights reserved.

(PD-NEC containing SCLC and LCNEC) than well-
differentiated neuroendocrine tumor (WD-NET containing
TC and AC) and NSCLC (Figure 2). Although the
distribution trend of NSE was similar to ProGRP in four
lung tumor cohorts, the false positive rate of NSE (27.3%)
was significantly higher than that of ProGRP (4.3%) in
NSCLC (Figures 2,S1).

Diagnosis value of tumor markers

In this study, ROC showed that an optimum diagnostic
cutoff for ProGRP and NSE was 66 ng/L and 18 pg/L
respectively, for the diagnosis of SCLC. Furthermore, at
this cutoff value, the sensitivity (86.5% vs. 78.8%) and
specificity (96.5% vs. 86.3%) of ProGRP were higher than
NSE for the diagnosis of SCLC. In addition, ProGRP
had a greater AUC value than did NSE in patients with
SCLC (0.943 vs. 0.894, 95% CI: 0.033-0.065, P<0.001).
Furthermore, both the positive predictive value (PPV)
and negative predictive value (NPV) of ProGRP were
higher than NSE (7able 1). With the assessment of AUC,
sensitivity, specificity, PPV, NPV and likelihood ratios,

jtd.amegroups.com F Thorac Dis 2019;11(4):1182-1189
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ProGRPp (ng/L)

0.1

SCLC LCNEC AC/TC NSCLC BLD  NEC
N 827 56 29 6368 659 883
Md(hg/l) 6753 60.9 413 352 326  618.1
=63 (%) 867 482 310 43 20 843
=66 (%) 865 446 276 34 14 839
>300(%) 666 232 103 03 0 639

Figure 2 ProGRP concentrations in patients with clinical
suspicion of lung tumors. *, P>0.05; ***, P<0.001. SCLC, small cell
lung cancer; LCNEC, large cell neuro-endocrine carcinoma; AC,
atypical carcinoid; TC, typical carcinoid; NSCLC, non-small cell
lung cancer; BLD, benign lung disease; ProGRP, roles of gastrin-
releasing peptide.

ProGRP had a greater differential diagnostic accuracy than
NSE. These results were similar to the diagnostic efficacy of
NEC, while ProGRP had a better diagnostic performance
than NSE (Tuble S2).

Diagnosis value of tumor markers in different stages

Figures 3,52 shows the distribution of ProGRP and NSE in
lung cancer patients, subdivided according to histology and
staging. A positive correlation was found between ProGRP’s
concentration and stage in SCLC patients (P<0.001)
(Figure 3). We used this finding as a basis to explore whether
the cut-off of ProGRP varies with different stages. Results
obtained from the analysis of cut-off are presented in
Tuble 2; it can be seen that the cutoff values for SCLC
patients with stage I and II were similar , and the number
of the two cohorts were both small. Therefore, all patients
were divided into three groups of I-1I, III and IV. ROC
indicated that in stage I-II, III and IV, the optimum
diagnostic cutoffs for ProGRP to SCLC were 56.0 ng/L
(AUC 0.955), 71.0 ng/L (AUC 0.933), and 99.0 ng/L
(AUC 0.951) respectively. ProGRP had greater AUC (I-1I:
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95% CI: 0.133-0.285, P<0.001; III: 95% CI: 0.036-0.078
P<0.001; IV: 95% CI: 0.029-0.080, P<0.001), sensitivity,
specificity, PPV and NPV values than did NSE in SCLC
patients with stage I-1I <0.001), Tzble I). The greater
diagnostic performance of ProGRP to NSE was similar to
that showed in NEC (Tables S2,S3; Figure S3).

It can be seen that diagnostic efficacy of ProGRP is
superior to NSE in the diagnosis of SCLC in different
stages. However, it is still unknown whether the diagnostic
performances of using different cutoff values were
superior to using ProGRP >66 ng/L in different stages.
Moreover, the criteria of ProGRP >300 ng/L for SCLC,
without interference of impaired renal function, was
recommended by the European Federation of Clinical
Chemistry and Laboratory Medicine (CCLM). Further
statistical analysis was performed to discuss the diagnostic
discrepancy among them. As can be seen from Table 1, the
higher value of ProGRP, the higher the specificity, PPV,
and LR (positive), while the lower the sensitivity, NPV,
and LR (negative) in the diagnosis of SCLC. Besides,
Tables 3,54 present that in lung tumors patients with stage
IIT and IV, the combined positive and negative concordance
rates of ProGRP >71 ng/L, and ProGRP >99 ng/L. were
better than ProGRP >66 ng/L (y =1,526.9 and 988.7, both
P<0.001) and ProGRP >300 ng/L (x’ =448.6 and 137.9,
both P<0.001). Meanwhile, in stage I-II, the concordance
rate of PrProGRP >56 ng/L was inferior to the other
criteria [ProGRP >66 ng/L (" =1,006.3, P<0.001) and
ProGRP >300 ng/L (i’ =62.4, P<0.001)]. In addition, the
concordance rate of ProGRP >300 ng/L was higher than
ProGRP >66 ng/L (x° =121.5, P<0.001). Finally, there was
no evidence that the concordances of different cutoff values

in the diagnosis of NEC with different stages were superior
to ProGRP >66 ng/L. and ProGRP >300 ng/L. (Tables S5,56).

Discussion

In this study, ProGRP was observed to be superior to NSE
in the diagnosis of SCLC patients with all stages. While
the level of ProGRP did progress with the stage, there was
no significant difference in the different stages of NSCLC.
With respect to improving the accuracy of the diagnosis
of SCLC, we further explored the diagnostic efficacy of
the different thresholds at different stages. Finally, the
consistency of diagnosis was found to be improved by using
different cutoff values in different stages, especially in stage
IIT and IV. In regards to the criteria of ProGRP >56 ng/L
not having a higher concordance rate than other criteria in

J Thorac Dis 2019;11(4):1182-1189
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Table 1 Results for measurement of serum ProGRP and NSE in the diagnosis of SCLC

Stage Sensitivity (%) Specificity (%) PPV (%) NPV (%) Positive LR Negative LR
Total
ProGRP =66 ng/L 86.5 96.5 74.0 98.2 24.4 0.1
NSE >18 pg/L 78.8 86.3 39.0 96.9 5.8 0.3
-1l
ProGRP =56 ng/L 93.6 92.2 20.3 99.8 12.0 0.1
NSE >100 pg/L 0 100.0 0 97.9 - 1
ProGRP =66 ng/L 85.5 97.2 39.0 99.7 30.0 0.2
ProGRP =300 ng/L 41.9 99.8 83.9 98.8 241.0 0.6
n
ProGRP =71 ng/L 85.5 96.6 84.1 96.9 25.1 0.2
NSE =100 pg/L 10.0 99.9 97.0 83.8 144.0 0.9
ProGRP =66 ng/L 85.8 95.8 81.6 96.9 20.6 0.2
ProGRP =300 ng/L 65.2 99.1 94.0 93.0 72.2 0.4
\Y
ProGRP =99 ng/L 85.3 98.3 89.4 97.5 49.9 0.2
NSE =100 pg/L 29.8 99.3 87.6 89.4 41.6 0.7
ProGRP =66 ng/L 87.6 94.8 73.8 97.8 16.9 0.1
ProGRP =300 ng/L 74.8 99.2 93.9 95.9 90.5 0.3

ProGRP, roles of gastrin-releasing peptide; NSE, neuron-specific enolase; SCLC, small-cell lung cancer; PPV, positive predictive value;
NPV, negative predictive value; LR, likelihood ratio.

100000 Table 2 Distribution of tumor markers in different stages of
7 - 1 NSCLC and SCLC
100007 Median
Variable Cut-off
NSCLC SCLC
~ 10001
=) ProGRP (ng/L)
& 100 g I 35.5 168.6 56.0
o
3 [ 35.3 312.7 61.0
T 10
-l 35.0 253.3 56.0
14 I} 35.0 618.1 71.0
— ' \Y; 34.5 1,365.8 99.0
0.1 T T T T T T T T T T T T
T A A TR VA ST T VAT Y NSE (ug/L)
NSCLC SCLC LCNEC AC/TC | 11.7 14.2 13.0
Figure 3 ProGRP distribution in patients with different lung 1l 13.0 18.1 17.0
tumors in stage I-IL, IIT and IV. *, P>0.05; **, P<0.05; ***, P<0.001. 1 13.5 29 1 290
ProGRP, roles of gastrin-releasing peptide. NSCLC, non-small " 148 53.6 26.0

cell lung cancer; SCLC, small cell lung cancer; LCNEC, large cell
NSCLC, non-small cell lung cancer; SCLC, small cell lung

cancer; ProGRP, roles of gastrin-releasing peptide; NSE, neuron-
carcinoid; ProGRP, roles of gastrin-releasing peptide. specific enolase.

neuro-endocrine carcinoma; AC, atypical carcinoid; TC, typical
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Table 3 Comparison of ProGRP and NSE for pathology and histological pathology
Stage |-l Stage llI Stage IV
Tumor markers O:::;l::g SCLC Conc(oo/:c)iance O::;r;l::g SCLG Conc(oo/zc)iance O::(:;l::g SCLC Conc(oo/zc)iance
ProGRP* 30.8 81.5 85.2
Other lung tumors® 2,649 5 1,390 45 1,782 45
SCLC 224 57 50 265 31 261
ProGRP =66 ng/L 52.1 80.0 76.4
Other lung tumors 2,790 9 1,380 44 1,718 38
SCLC 83 53 60 266 95 268
ProGRP =300 ng/L 55.3 73.0 80.8
Other lung tumors 2,868 36 1,427 108 1,798 77
SCLC 5 26 13 202 15 229
2 ProGRP criteria in stage I-II, Il and IV are 56, 71 and 99 ng/L, respectively; °, other lung tumors. ProGRP, roles of gastrin-releasing

peptide; NSE, neuron-specific enolase; SCLC, small cell lung cancer.

stage I-1I, it may be that the proportion of SCLC (2.1%,
62/2,938) with stage I-1I, was far less than that with stage
III (17.7%, 310/1,750) and IV (14.4%, 306/2,119). There
are two possible explanations for this result: the first is that
the number of SCLC patients with early stage was more
than those with late stage (20,21), and the second is that
ProGRP in patients with extensive disease were significantly
higher than those with limited disease (14,22). Although
7.3% (207/2,826) of NSCLC patients were erroneously
diagnosed as SCLC, the sensitivity (93.6%) of diagnosis to
SCLC was further improved to detect more SCLC with
early stage. Furthermore, from the analysis of data in this
study, ProGRP’s diagnosis efficacy was also superior to NSE
in different stages.

In the current work, PNET patients shared elevated
ProGRP levels, and the most novel finding was that high
levels of ProGRP appear to be associated with PD-NEC,
whereas WD-NET patients had much lower ProGRP
levels. However, previous research had only realized that
PNET patients share elevated ProGRP levels (17,18,23,24),
while the difference among them was not further clarified,
along with the diagnosis value of ProGRP for PNET is
also undetermined. The purpose of the present study was
to determine the efficacy of ProGRP for PNET. As for the
awareness of ProGRP, it is limited to its precursor molecule,
GRP, which has been identified in the neuroendocrine
cells of the lungs of fetuses (25-27). However, the potential
mechanism remains unclear. There are studies that have

© Journal of Thoracic Disease. All rights reserved.
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indicated that the inhibition of ProGRP depresses NE
cell proliferation and promotes apoptosis (25). It can be
seen that ProGRP appears to be involved in the rapid cell
growth of PD-NEC (28-33), which may seem to cause
differences in the expression of ProGRP in different
PNETs. However, further studies are required to detect the
mechanisms of ProGRP differential expression in PNET
from the perspective of genes and proteins in order for
them to lead to a potential treatment for SCLC. According
to the distributions of ProGRP in four lung tumor cohorts,
the data was analyzed to explore ProGRP’s efficacy in the
diagnosis of NEC. The cutoff value was the same as it
was for SCLC and also shared preferred sensitivity and
specificity (Table S2), and different cutoff values are not
recommended for diagnosis in different stages.

In conclusion, ProGRP has a higher sensitivity and
specificity compared to NSE in the diagnosis of SCLC
and NEC. A limitation of this study is that our data were
collected and reviewed retrospectively and prospective
studies are thus warranted to examine the efficacy of
ProGRP in different stages. However, we believe that
the implementation of different ProGRP cutoff values in
the diagnosis of SCLC with different stages can further
improve the diagnostic accuracy. As a specific tumor marker
associated with SCLC, ProGRP deserves more research
attention in order explore its value in the diagnosis and
prognosis prediction of SCLC and prepare it for widespread
use in clinical practice.
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Supplementary

Table S1 Baseline characteristics in test and validation cohort

Characteristics NSCLC SCLC LCNEC TC/AC BLD

Age (years)

<60 2,451 245 21 10 430

>60 3,917 582 35 19 229
Sex

Female 3,214 309 23 14 422

Male 3,154 448 33 15 237

Smoking status

Never smoker 1,402 322 14 9 361

Smoker 4,966 505 42 20 298
Weight loss

Yes 427 80 4 14 19

No 5,941 747 52 15 640
Stage

I 2,111 38 12 20

Il 718 24 11 4

I 1,414 310 23 3

Y 1,802 306 9 2

NSCLC, non-small cell lung cancer; SCLC, small cell lung cancer; LCNEC, large cell neuro-endocrine carcinoma; AC, atypical carcinoid;
TG, typical carcinoid; BLD, benign lung disease.

10000 = 0

NSE (ug/L)

0.1

SCLC LCNEC AC/TC NSCLC BLD  NEC
N 827 56 29 6368 659 883
Md ug/l) 334 162 115 129 112 317
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>100(%) 172 36 0 02 0 164

Figure S1 NSE concentrations in patients with clinical suspicion of lung tumors. ***, P<0.001. SCLC, small cell lung cancer; NSCLC, non-
small cell lung cancer; AC, atypical carcinoid; T'C, typical carcinoid; BLD, benign lung disease; NEC, neuro-endocrine carcinoma; NSE,

neuron-specific enolase.



Table S2 Results for measurement of serum ProGRP and NSE in the diagnosis of NEC

Stage Sensitivity (%) Specificity (%) PPV (%) NPV (%) Positive LR Negative LR
Total
ProGRP =66 ng/L 86.6 96.7 76.6 97.7 24.5 0.2
NSE >18 pg/L 76.3 85.2 40.4 96.4 5.2 0.3
-1l
ProGRP =54 ng/L 82.4 90.8 21.0 99.4 8.9 0.2
NSE >100 pg/L 0 100 0 97.1 - 1
ProGRP =66 ng/L 71.8 97.4 44.9 99.1 27.6 0.3
ProGRP =300 ng/L 31.8 99.9 87.1 98.0 226.3 0.7
n
ProGRP =64 ng/L 85.0 96.5 84.7 96.4 241 0.2
NSE =100 pg/L 9.6 100.0 0 82.6 - 0.9
ProGRP =66 ng/L 84.1 96.8 85.9 96.2 26.5 0.2
ProGRP =300 ng/L 63.4 99.7 98.1 92.1 224.5 0.4
\Y
ProGRP =99 ng/L 83.8 98.5 90.4 97.3 54.0 0.2
NSE =100 pg/L 29.3 99.3 88.6 89.0 441 0.7
ProGRP =66 ng/L 86.0 95.0 74.7 97.5 171 0.2
ProGRP =300 ng/L 73.7 99.3 95.1 95.6 110.7 0.3

ProGRP, roles of gastrin-releasing peptide; NSE, neuron-specific enolase; NEC, neuro-endocrine carcinoma.
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Figure S2 NSE distribution in patients with different lung tumors in stage I-II, IIT and IV. ***, P<0.001; **, P<0.05; *, P>0.05. NSCLC,
non-small cell lung cancer; SCLC, small cell lung cancer; LCNEC, large cell neuro-endocrine carcinoma; AC, atypical carcinoid; TC,

typical carcinoid; NSE, neuron-specific enolase.



Table S3 Distribution of tumor markers in different stages of NSCLC and NEC

Median
Variable Cut-off
NSCLC NEC

ProGRP (ng/L)
| 35.5 125.4 56.0
Il 35.3 183.8 54.0
-1 35.0 144.6 54.0
11l 35.0 559.1 64.0
\% 34.5 1,294.2 99.0

NSE (ug/L)
| 11.7 14.0 13.0
Il 13.0 16.5 16.0
11l 13.5 28.5 18.0
\% 14.8 52.2 26.0

NSCLC, non-small cell lung cancer; NEC, neuro-endocrine carcinoma; ProGRP, roles of gastrin-releasing peptide; NSE, neuron-specific
enolase.
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Figure S3 ProGRP and NSE distribution in patients with different lung tumors in stage I-II, III and IV. (A) ProGRP distribution in
different lung tumors patients with stage I-II, III and IV; (B) NSE distribution in different lung tumors patients with stage I-II, IIT and IV.
*** P<0.001; **, P<0.05; *, P>0.05. NSCLC, non-small cell lung cancer; SCLC, small cell lung cancer; AC, atypical carcinoid; TC, typical

carcinoid; ProGRP, roles of gastrin-releasing peptide; NSE, neuron-specific enolase.



Table S4 Comparison of the concordance rate of cutoff values in different stages in diagnosis of SCLC

ProGRP =66 ng/L

ProGRP =300 ng/L

Variable
Consistent Inconsistent P Consistent Inconsistent P
ProGRP =56 ng/L <0.001 <0.001
Consistent 2,702 4 2,663 40
Inconsistent 141 88 210 22
ProGRP =71 ng/L <0.001 <0.001
Consistent 1,650 10 1,592 63
Inconsistent 1 89 37 58
ProGRP =99 ng/L <0.001 <0.001
Consistent 2,079 64 2,011 32
Inconsistent 7 69 16 60

Consistent, the pathological type determined by tumor marker was same as the results of living tissue; Inconsistent, the pathological type
determined by tumor marker was different from the results of living tissue. SCLC, small cell lung cancer; ProGRP, roles of gastrin-releasing

peptide.

Table S5 Comparison of ProGRP and NSE for pathology and histological pathology

Stage Il Stage lll Stage IV
Tumor markers o::i: Cl)l::g Conc(?)/zc)iance Otltjr;s; ::31? NEC Conc(oo/:c;ance Other lung tumors®® NEC Conc(c())/:?ance
ProGRP*? 30.1 81.3 84.8
Other lung tumors® 2,590 16 1,366 50 1,776 51
NEC 260 69 51 283 28 264
ProGRP =66 ng/L 53.5 81.5 76.1
Other lung tumors 2,775 24 1,371 53 1,712 44
NEC 75 61 46 280 92 271
ProGRP =300 ng/L 45.7 79.4 80.5
Other lung tumors 2,846 58 1,328 81 1,792 83
NEC 4 27 14 229 12 232
2 ProGRP criteria in stage I-IlI, Ill and IV are 54, 64, 99 ng/L, respectively; °, other lung tumors: NSCLC and pulmonary carcinoid tumor.

ProGRP, roles of gastrin-releasing peptide; NSE, neuron-specific enolase; NEC, neuro-endocrine carcinoma; NSCLC, non-small cell lung

cancer.



Table S6 Comparison of the concordance rate of cutoff values of different tumor markers in different stages

ProGRP =66 ng/L ProGRP =300 ng/L
Variable
Consistent Inconsistent P Consistent Inconsistent P
ProGRP =54 ng/L <0.001 <0.001
Consistent 2,651 8 2,617 42
Inconsistent 185 91 256 20
ProGRP =64 ng/L <0.001 <0.001
Consistent 1,646 3 1,577 72
Inconsistent 5 96 47 54
ProGRP =99 ng/L <0.001 <0.001
Consistent 1,976 64 2,008 32
Inconsistent 7 72 16 63

Consistent, the pathological type determined by tumor marker was same as the results of living tissue; Inconsistent, the pathological type
determined by tumor marker was different from the results of living tissue. ProGRP, roles of gastrin-releasing peptide.



