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Abstract: Background and aims: The clinical value of gastrin-releasing peptide precursor (Pro-GRP) in small cell lung
cancer (SCLC) remains controversial. This meta-analysis aimed to investigate the prognostic and recurrence-related
significance of Pro-GRP in SCLC. Methods: The association between Pro-GRP expression and clinical significance
was measured by odds ratios (ORs) using Review Manager. Pooled odds ratios (ORs) of Pro-GRP and survival time
were calculated to measure the predictive value of the Pro-GRP level with respect to prognosis. Results: The serum
levels of Pro-GRP were significantly associated with chemotherapy response, survival time, and the disease stage.
After chemotherapy, patients with complete remission (CR), patients with partial remission (PR) and the effective
group, which included CR+PR, PR+CR+SD, and PR+NC, showed a marked decrease in Pro-GRP concentrations
(P<0.05). Compared with other chemotherapy responses, the levels of Pro-GRP in the above groups of patients
showed significant changes before and after chemotherapy. The serum Pro-GRP or Pro-GRP levels in the progres-
sive disease (PD) group were significantly lower than the post-treatment levels (P<0.00001), while the Pro-GRP
concentration showed no significant difference in the stable disease (SD) group (P=0.76). In studies evaluating the
survival time, Pro-GRP levels were associated with the survival time (P<0.00001). When the level of Pro-GRP was
higher, the survival time was shorter, but there was no statistically significant difference for six months of survival
time (P=0.29). The survival time for patients with low Pro-GRP levels was longer than for patients with elevated lev-
els (12 months: P=0.0003; 24 months: P<0.00001). A significant difference between the limited disease (LD) group
and the extensive disease (ED) group was found. The mean serum levels of Pro-GRP were significantly higher in ED
patients than in LD patients (P=0.02). Conclusion: Pro-GRP has become a new blood biomarker and can be used to
monitor the prognosis and progression of SCLC.
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Introduction and will be expected to improve patient survival
because SCLC is highly sensitive to chemother-
Lung cancer is the leading cause of cancer apy and radiotherapy [5].
death worldwide [1]. SCLC accounts for approxi-
mately 25% of all lung cancer [2]. SCLC exhibits
rapid growth, invasive malignant tumors, sensi-
tivity to chemotherapy and radiotherapy, and
ease of relapse [3]. Patients with SCLC are

prone to recurrence. In recent years, the 5-year

Most patients have been found in clinical prac-
tice to have advanced-SCLC. Serum tumor
markers have been widely used by clinicians for
the early screening of cancers, and studies
have confirmed the role of serum tumor mark-

survival rate has remained unchanged [4]. By
the time many patients are diagnosed with
SCLC, tumor metastasis to local lymph nodes
or distant organs has already occurred. There-
fore, early diagnosis is particularly important

ers in the early diagnosis, prognosis and follow-
up of lung cancer [6-9]. In recent years, studies
on tumor markers in lung cancer have been
widespread, but they lack specificity for SCLC
malignancies [10-12]. This study demonstrated
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that the serum levels of Pro-GRP reflect the dis-
ease course of SCLC patients most accurately.
When more effective treatment programs for
recurrent SCLC are available, serial Pro-GRP
measurements may become more crucial [13].
Pro-GRP is a recently discovered blood marker
in SCLC. It may also be useful as an SCLC bio-
marker for therapeutic monitoring [14]. In addi-
tion, Pro-GRP has a high degree of sensitivity
and specificity, with values of 60-70% and 96%,
respectively [15]. Furthermore, it has been
widely used in clinical practice and significantly
improved the early detection rate of SCLC.
Therefore, it can be used as a potential tumor
marker for SCLC [16].

There are many articles on the meta-analysis of
the diagnostic value of tumor markers for Pro-
GRP in SCLC, as well as the meta-analysis of its
sensitivity and specificity, but there are few
articles on the meta-evaluation of its prognos-
tic efficacy. The aim of this study is to provide a
meta-analysis and systematic review of Pro-
GRP in assessing the prognostic efficacy of
SCLC.

Materials and methods
Literature search

The PRISMA statement (Supplementary Check-
list 1) was used in our meta-analysis. We com-
prehensively searched the Cochrane Library,
OVID, PubMed, Web of Science databases and
China National Knowledge Infrastructure (CN-
KI) until May 10, 2016, without language and
publication restrictions. The key words in the
search were “Pro-gastrin-releasing peptide OR
Pro-GRP OR pro gastrin releasing peptide OR
Human Pro-GRP OR Human pro-gastrin-releas-
ing peptide OR pro gastrin releasing peptide”
and “Small lung tumor OR small lung neoplasm
OR small lung cancer OR small lung carcinoma”.
In addition, we reviewed the relevant research
articles and references to supplement our se-
arch. Searches were performed using Oncomine
and The Cancer Genomic Atlas (TCGA) so that
our data were sufficient. H. Xiang and S. Zhang
searched the databases independently to
obtain the raw data.

Selection criteria

Studies were included if they met the following
criteria: (a) participants were diagnosed with
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SCLC, and the prognostic significance of Pro-
GRP expression in SCLC was tested; (b) all par-
ticipants were treated with chemotherapy, and
the connection of Pro-GRP with survival out-
comes or clinical parameters was analyzed; (c)
at least 30 patients were registered, with non-
small cell lung cancer patients or healthy indi-
viduals as controls; and (d) the Pro-GRP expres-
sion levels before and after chemotherapy were
available. The titles and abstracts were inde-
pendently read by two researchers (H. Xiang
and S. Zhang), and unrelated studies were
excluded; then our review team checked the full
text and obtained the necessary data.

Data extraction

H. Xiang and S. Zhang independently extracted
the following data: first author, year of publica-
tion, tumor stage, Pro-GRP detection method,
number of patients with high and low Pro-GRP
expression,andsurvival datatypes. Multivariate
analysis was selected because it takes con-
founding factors into consideration and thus is
more accurate [17]. If the article did not report
the HR, we used Engauge Digitizer version 4.1
(free software download http://sourceforge.
net) to read the Kaplan-Meier survival curve to
obtain the HR and its 95% confidence interval
(Cl). Two independent authors (H. Xiang and S.
Zhang) examined the curves to reduce reading
variability. If the data in the article were insuffi-
cient, were disputed, or contained any other
uncertainty that might be relevant to our meta-
analysis, we provided more information to the
relevant author.

Quality assessment

For NRCCTs, we used the Methodological Index
for Non-Randomized Studies (MINORS) guide-
lines [18] to assess the methodological quality.
These guidelines list 12 indices for compara-
tive studies: (i) a clearly stated aim, (ii) inclusion
of consecutive patients, (iii) prospective collec-
tion of data, (iv) endpoints appropriate to the
aim of the study, (v) unbiased assessment of
the study endpoint, (vi) a follow-up period ap-
propriate to the aim of the study, (vii) <5% loss
to follow-up, (viii) prospective calculation of the
study size, (ix) an adequate control group, (x)
contemporary groups, (xi) baseline equivalence
of the groups, and (xii) adequate statistical
analyses. The items are scored O (not report-
ed), 1 (reported but inadequate), or 2 (reported
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VY PRISMA 2009 Flow Diagram

Additional records identified
through other sources

Records excluded
(n=313 )

Full-text articles excluded,
with reasons
(n=37 )

dom-effects models were
chosen to avoid the effects
of heterogeneity. All statisti-
cal analysis was performed
using the Review Manager
Version 5.1 software (http://
ims.cochrane.org/revman).

Results

Characteristics of included
studies

After the primary literature
search in the databases,
740 studies were reviewed.
Moreover, there were 3 stud-
ies found when the authors
examined additional records

From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting ftems for Systematic Reviews and Meta-
Analyses: The PRISMA Statement. PLoS Med 6(7): @1000097. doi:10.1371/journal.pmed 1000097

For more infarmation, visit www.prisma-statement.org.

and adequate). The global ideal score for com-
parative studies is 24. A score 216 points indi-
cates high quality, whereas a score <16 points
indicates low quality. Two authors (H. Xiang and
S. Zhang ) independently assessed the quality.
Inconsistencies were discussed with two
reviewers (Z. Fang and Y. Li), who acted as
arbiters.

Statistical analysis

The relationship of Pro-GRP expression to the
survival of patients with SCLC was measured by
odds ratios (ORs) and 95% confidence interval
(Cl). We obtained data from the Kaplan-Meier
survival curve using digitized version 7.2 if
there was no direct data study [19]. In addition,
P values <0.05 were considered statistically
significant. Two authors (H. Xiang and S. Zhang)
checked the curves independently to reduce
reading variability. The heterogeneity among
the studies was measured using Cochran’s Q
test and the Higgins I-squared statistic. Ran-
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Figure 1. Flow diagram
of literature search and
selection.
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identified through other sou-
rces. A total of 363 studies
remained after excluding
duplicate studies. The inves-
tigators carefully read the
tittes and abstracts and
then excluded 313 irrele-
vant studies. Next, the full
texts of the remaining arti-
cles were reviewed in detail.
There were 13 studies
included in our meta-analy-
sis (Figure 1, Table 1) [5,
20-31]. The studies were published from 2003
to 2016. There were 836 participants from
China, Japan, and Europe. All patients showed
high expression of gastrin-release peptide pre-
cursor. Ten studies measured the concentra-
tion of Pro-GRP by immunosorbent assay
(ELISA) [5, 20-24, 27, 29-31], two studies used
an electro-chemiluminescence immunoassay
(ECLI) [25, 28], and only one study used
ARCHITECT [26]. According to the MINORS qual-
ity assessment method, all studies included in
this meta-analysis failed to meet the require-
ments in indices (vi), (vii), (viii), and (xi). Table 1
shows that all 12 studies were of high quality
based on MINORS. The basic characteristics
(e.g., age, assay, treatment response, cut-off
and follow-up) of each study in our meta-analy-
sis are described in Table 1.

Meta-analysis for prognostic value

Overall, eight studies showed that Pro-GRP lev-
els decreased significantly after treatment [20,
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Table 1. Studies included in meta-analysis

Study Year Region Total subjects Age Assay Treatment L.D EP Cut-off Follow-up MINORS
(Male/Female) Response Subjects Subjects (value) scores
Joachim Schneider 2003 Germany 34 (26/8) 61+5.1 ELISA CR/PR/SD/PD 13 21 46 pg/ml 20 weeks 18
Y Li 2015 China 48 (31/17) 57+6.7 ECLI CR+PR/SD+PD 10 38 30.7 ng/ml NR 16
Ewa Wojcik 2008 Poland 64 (NR) NR ELISA CR+PR/PD 64 NR 49.0 ng/I 3-6 month 18
Takashi Hirose 2011 Japan 103 (86/17) NR ELISA CR/PR 14 89 50 ng/ml  Death/2 years 16
Marina Petrovic 2014 Serbia 97 (62/35) 62+6.8 ELISA NR 50 47 58 pg/ml 13 months 18
Z. Huang 2016 China 122 (92/30) NR ELISA CR+PR/SD/PD 54 68 43 ng/l 12 months 18
Y Lin 2016 China 45 (31/14) 41.5+3.1 ECLI CR/PR/NC/PD NR NR 69.2 pg/ml NR 14
X Qian 2016 China 97 (65/32) 61+5.3 ELISA CP/PR/SD/PD NR NR NR NR 16
D Li 2016 China 60 (41/19) 63110 ELISA CR+PR+SD/PD 38 22 64.68 pg/ml NR 16
Naumnik W 2004 Poland 39 (35/4) 64+12.3 ELISA PR+NC/PD 9 10 NR NR 16
Benjamin Nisman 2016 Israel 52 (NR) NR ARCHITECT CR+PR/SD+PD 14 38 140 pg/ml NR 16
Takuo Shibayama 2001 Japan 47 (41/6) 63+9.75 ELISA CR+PR/ CR 26 21 49 pg/ml NR 16
Takuji Okusaka 1997  Tokyo 44 (36/8) 65.5+10.25 ELISA CR/PR/NC/PD 20 24 NR 11.4 months 18

NR, not reported; ELISA: enzyme-linked immunosorbent assay; ECLI: electro chemiluminescence immunoassay; ARCHITECT: chemiluminescent microparticle immunoassay; CR:
complete remission; PR: partial remission; PD: progressive disease; SD: stable disease; NC: no change.
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Before treatment After treatment Mean Difference Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random. 95% Cl IV, Random, 95% C|

CR group
Lin 2016 119214 46241 45 2341 2387 45 65% 958.04[822.76,1093.32) -
Qian 2016 5448 931 97 1284 181 97 T1%  416.40(397.53,435.27) N
Schneider 2003 584 866 19 976 154 19 42%  486.40(90.01,862.79)
Subtotal (95% CI) 161 161 17.8% 627.83 [203.90,1051.75) —l—
Helerogeneity: Tau? = 127246.48; Chi? = 6049, df = 2 (P < 0.00001); I = 97%
Test for overall effect: Z = 2.90 (P = 0.004)

PR group
Lin 2016 120547 49147 45 74168 21481 45 64%  463.79(307.08,620.50] -
Qian 2016 5613 895 97 1059 165 97 71%  45540(437.29,47351) N
Schneider 2003 584 868 19 976 154 19 42%  486.40(90.01,862.79) -
Subtotal (35% CI) 161 161 17.7%  455.57 [437.60, 473.55) {
Heterogeneity: Tau? = 0.00; Chi* = 0.03, df = 2 (P = 0.98); I = 0%
Test for overall effect Z = 49.68 (P < 0.00001)

Effective group
Huang 2016 97298 106985 84 16014 39157 84 56% B812.84(569.21, 1056.47) _—
Li2015 73257 70106 36 10762 6381 36 57%  624.95[394.99,854.91) -
Li 2016 10825 2674 53 2693 567 53 69%  813.20(739.61,886.79] -
Nisman 2016 79 72125 82 47 2325 52 6.14%  743.00(546.86, 939.14] -
W 2004 10364 5133 11 7067 3855 11 43%  329.70(-49.66, 709.06] T
Subtotal (95% CI) 236 236 28.7%  724.19[599.48, 848.90] <>
Heterogeneity: Tau? = 9517.98; Chi? = 8.15, df = 4 (P = 0.09); I = 51%
Test for overall effect: Z = 11.38 (P < 0.00001)

SD group
Huang 2016 122255 113164 26 70222 7151 26 33%  520.33[5.78,1034.88] —
Lin 2016 121269 48487 45 189711 61147 45 58% -684.42(-912.43,-456.41)
Qian 2016 9924 1322 97 4483 795 97 T0%  544.10(513.40,574.80) -
Schneider 2003 458 61 8 3524 530 8 30% 105.60(460.14,671.34)
Subtotal (95% CI) 176 176 191% 115.21[-638.01, 868.42) e ——
Heterogeneity: Tau? = 551338.20; Chi* = 111.61, df = 3 (P < 0.00001); I = 97%
Test for overall effect: Z = 0.30 (P = 0.76)

PD group
Huang 2016 100564 91563 12 195325 102265 12 20% -B5761-163425, 8007 ¥
Lin 2016 128264 50114 45 210536 68714 45  56% 82272107121, 57423
Qian 2016 14238 1876 97 20352 3326 97 69% -61140[-687.39,-535.41) -
Schneider 2003 819 03 7 6972 803 7 24% 61530(126858,57.08) Y|
Subtotal (95% CI) 161 161 16.8% -631.27[-703.21, -559.33]
Heterogeneity: Tau? = 0.00; Chi* = 2.87, df = 3 (P = 0.41); I*= 0%
Test for overall effect: Z = 17.20 (P < 0.00001)
Total (95% C) 895 895 100.0% 291,50 [164.08, 419.10] <>
Heterogeneity: Tau? = 59854.93; Chi? = 1178.57, df = 18 (P < 0.00001); I* = 98% 000 500 0 50 1000

Test for overall effect: Z = 4.48 (P < 0.00001)
Test for subgroup differences: Chi* = 853.73. df = 4 (P < 0.00001). I = 99.5%

Favours [Before treatment] Favours [After treatment]

Figure 2. The serum levels of Pro-GRP in different groups before and after treatment.

21, 25-30] (MD: 291.59, 95% CI: 164.08-
419.10, P<0.00001). For patients in the CR
group, PR group, and effective group, the Pro-
GRP concentration after chemotherapy was
significantly decreased from the value before
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chemotherapy, so Pro-GRP can become a reli-
able tumor marker to evaluate the effective-
ness of treatment in disease monitoring. How-
ever, there was obvious heterogeneity (1>=98%,
P<0.00001) (Figure 2). The combined analysis

Int J Clin Exp Med 2018;11(7):6491-6500
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Elevated group  None-elevated group Odds Ratio Odds Ratio

Study or Subgroup _ Events  Total  Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

6 months
Hirose 2011 59 70 3 0 73% 1.301(0.48, 3.55) B
Huang 2016 % 108 14 14 19% 0.0810.01,153) B
Nisman 2016 36 52 52 52 1.9% 0.02(0.00,0.36)
Petravic 2014 48 49 48 48 16% 0.33(0.01,8.39) -
Shibayama 2001 67 74 65 Mo11% 1.33[0.47,3.77) -1
Wojcik 2008 25 2 36 B’ 25% 1.39(0.12,16.16) -1
Subtotal (95% Cl) K1 267 22.3% 0.501(0.14,1.79] iy
Total events N3 248
Heterogeneity, Tau®=1.36; Chi*=13.55, df= 5 (P = 0.02); F=63%
Test for overall effect Z=1.06 (P=0.29)

12 months
Hirose 2011 32 70 )] 4 87% 0.73(0.34,1.58) -1
Huang 2016 " 108 3 14 52% 0.421010,1.72) -1
Nisman 2016 13 52 7 52 81% 0.1410.06,0.32) -
Okusaka 1997 3 7 10 11 23% 0.0710.01,0.95)
Petrovic 2014 A4 49 4 48 75% 0.16(0.06,0.44) -
Shibayama 2001 47 74 54 M 92% 0.64(0.32,1.30) -7
Wiojcik 2008 18 26 k! 8 56% 0.2610.07,1.00) -
Subtotal (95% Cl) 386 218 46.6% 0.31[0.17,0.58] P
Total events 148 201
Heterogeneity. Tau®= 0.40; Chi*=14.94, df=6 (P = 0.02); F= 60%
Testfor overall effect Z=3.65 (P =0.0003)

24 months
Hirose 2011 " 70 12 a17% 045[0.18,1.14) ]
Huang 2016 0108 0 14 Not estimable
Nisman 2016 3 52 15 52 57% 0.1510.04, 0.56) -
Petrovic 2014 0 49 4 8 18% 0.10[0.01,1.81) I
Shibayama 2001 18 74 40 M 91% 0.2710.14,055) -
Wojcik 2008 f 26 2 ! 6% 0.2210.07,0.67) -
Subtotal (95% Cl) 37 267 31.1% 0.2710.17,043] L 2
Total events Kb} 93
Heterogeneity, Tau*= 0.00; Chi*= 252, df=4 (P = 0.64); F= 0%
Test for overall effect Z=5.56 (P < 0.00001)
Total (95% CI) 14 812 100.0% 0.3410.22,0.53] L
Total events 499 542

T2 () 411 (hiz= - - R= } f ; i

Heterogeneity, Tau?= 0.40; Chi*= 37.38, df=17 (P = 0.003); F= 55% 0001 0] 1 0 1000

Test for overall effect Z=4.85 (P < 0.00001)
Testfor subgroup differences: Chi*= 0.85. df= 2 (P = 0.65). F= 0%

Favours [Elevate group] Favours [None-elevate group)

Figure 3. Meta-analysis evaluating Pro-GRP levels and survival time in SCLC.

of the seven studies [5, 22-24, 26, 27, 31]
showed that the serum levels of Pro-GRP were
associated with poor prognosis in OS survival
time in SCLC patients (OR=0.34, 95% Cl: 0.22-
0.53, P<0.00001) with significant heterogene-
ity (1>=55%, P=0.003) (Figure 3). The Pro-GRP
levels provided additional information about
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survival. The survival time for patients with low
Pro-GRP levels was longer than for patients
with elevated levels at 12 months and 24
months (P<0.05), but there was no statistically
significant difference at six months (P=0.29).
Five studies reported [21, 24, 25, 27, 30] that
the level of Pro-GRP was related to the disease

Int J Clin Exp Med 2018;11(7):6491-6500
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Limited period Extensive period Mean Difference Mean Difference
StudyorSubgroup  Mean  SD Total Mean  SD Total Weight IV, Random, 95% Cl V. Random, 95% CI
Huang 2016 601 94081 54 138545 103075 68 19.1% -78445(-1136.06, 43204 T
Li 2015 5319 1405 10 74585 THMT 3B 09% -60266(-92547,45985 —
Li 2016 6089 2558 38 14985 5806 22 206% -B89.60[-1147.13, 63207
Petrovic 2014 5696 4114 50 21097 2176 4T 224%  -15201[-230.54,-73.48) -
W 2004 12662 5444 9 9098 5015 10 17.0%  345.30[127.05,817.69) T
Total (95% C) 161 185 1000% 45209(847.14, 505y

Heterogeneity: Tau® = 179274.63; Chi* = 58.27, df = 4 (P < 0.00001); I = 93%
Test for overall effect: =225 (P=0.02)

-1000  -500 0 50 1000
Favours [Limited period]  Favours [Extensive period]

Figure 4. Differences in serum levels of Pro-GRP according to disease stage.

stage (95% CI: -847.14 - -58.84, P=0.02) with
significant heterogeneity (1>=93%, P<0.00001)
(Figure 4). The mean serum levels of Pro-GRP
were significantly greater in ED patients than in
LD patients.

Subgroup analysis

Pro-GRP is useful tumor markers in evaluating
response to therapy and predicting survival in
patients with SCLC. The subgroup analysis was
performed according to the chemotherapy res-
ponse, survival time, and disease stage accord-
ing to the Veterans Administration Lung Study
Group (VALG) staging system. We divided the
patients into four groups according to their che-
motherapy responses, namely, complete remis-
sion (CR), partial remission (PR), stable disease
(SD) and progressive disease (PD) groups. The
grouping in different articles was not consis-
tent, so we added the effective group (CR+PR
or CR+PR+SD or PR+NC). There was a signifi-
cant difference in serum Pro-GRP before and
after chemotherapy. Comparisons were made
with regard to the group pairing: in each paired
group among the complete remission (CR)
group (MD: 627.83, 95% CIl: 203.90-1051.75,
P=0.004) [20, 28, 29], the partial remission
(PR) group (MD: 455.57, 95% Cl: 437.60-
473.55, P<0.00001) [20, 28, 29], and the
effective group (MD: 724.19, 95% CI: 599.48-
848.90, P<0.00001) [21, 25-27, 30], the se-
rum Pro-GRP levels were significantly decreased
after chemotherapy from their values before
the treatment. For patients in the PD group, the
Pro-GRP concentration measured after chemo-
therapy was significantly increased compared
to the value measured before chemotherapy
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(MD: -631.27, 95% Cl: -703.21 - -559.33,
P<0.00001) [20, 27-29], but there was no sig-
nificant difference in serum Pro-GRP levels
before and after chemotherapy in the SD group
(MD: 115.21, 95% Cl: -638.01-868.42, P=0.76)
[20, 27-29]. A significant difference between
subgroups was found (MD: 291.59, 95% CI:
164.08-419.10, P<0.00001). Based on the
cut-off of different Pro-GRP levels for each of
the articles screened, we calculated the sur-
vival time, which was associated with the level
of Pro-GRP, remarkable differences between
subgroups were discovered (OR=0.34, 95% Cl:
0.22-0.53, P<0.00001) [5, 22-24, 26, 27, 31].
The survival time for patients with low Pro-GRP
levels was longer than for patients with elevat-
ed levels (12 months: OR=0.31, 95% CI: 0.17-
0.58, P=0.0003; 24 months: OR=0.27, 95% CI:
0.17-0.43, P<0.00001), but there was no sig-
nificant difference at 6 months (OR=0.50, 95%
Cl: 0.14-1.79, P=0.29). So elevation of Pro-GRP
was a poor prognostic factor, and patients with
elevated levels of Pro-GRP showed shorter sur-
vival than those without. Significant differences
between the LD patients and the ED patients
were found. The mean serum levels of Pro-GRP
were significantly greater in ED patients than in
LD patients (MD: -452.99, 95% Cl: -847.14 -
-58.84, P=0.02) [21, 24, 25, 27, 30].

Discussion

SCLC differs clinically and biologically from
non-small cell lung cancer (NSCLC). The inci-
dence of distant metastases of SCLC at the
time of primary diagnosis is very high, and
therefore, early diagnosis, more effective treat-
ment, more accurate evaluation of treatment

Int J Clin Exp Med 2018;11(7):6491-6500
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and early detection of progression are needed
to improve the survival of patients suffering
from SCLC. Reliable tumor markers are benefi-
cial for checking the effectiveness of therapy.

Gastrin-releasing peptide (GRP) is a 27-amino-
acid peptide that is homologous to the carboxy
terminus of porcine stomach protein [32] and is
a member of the bombesin family of peptides
that has been shown to be produced by SCLC in
an autocrine fashion [33]. Pro-GRP is a neuro-
peptide hormone that was initially isolated from
porcine stomach tissue and is a precursor form
of GRP (or mammalian bombesin) [34]. Rece-
ntly, the determination of serum Pro-GRP levels
has come to play an important role in the diag-
nosis, treatment, and detection of relapse in
patients with SCLC [15, 31, 35, 36]. Some stud-
ies have found that Pro-GRP is the most useful
tumor marker to detect SCLC recurrence [13].
In particular, for the diagnosis of SCLC, studies
have reported that the sensitivity and specifici-
ty of serum Pro-GRP are 0.716 and 0.921,
respectively [16]. Therefore, Pro-GRP is a use-
ful biomarker in SCLC management and may be
a potential therapeutic target [37].

In our meta-analysis, there was no significant
difference in serum Pro-GRP before and after
chemotherapy in the SD group (P=0.76), while
the Pro-GRP levels in the other three subgroups
(CR, PR and effective group) had changed sig-
nificantly post-treatment in comparison with
the pretreatment concentrations (P<0.05). How-
ever, significant differences in the Pro-GRP con-
centration were only observed in the PD group,
and the concentrations were higher before che-
motherapy than after the treatment (P<0.05).
Therefore, it can be said that Pro-GRP could be
used as an indicator of patient response after
chemotherapy. The patients: Pro-GRP levels
became significant as a factor affecting surviv-
al time. The survival time for patients with low
Pro-GRP levels was longer than for patients
with elevated levels at 12 months and 24
months (P<0.05), but there was no statistically
significant difference at six months (P=0.29).
The Pro-GRP levels were also significantly high-
er in patients with ED than with LD. These data
suggested that Pro-GRP was a useful tumor
markers in evaluating the response to therapy
and predicting survival in patients with SCLC.

Although we have comprehensively analyzed
the prognostic value of Pro-GRP in SCLC, there
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were some limitations in our meta-analysis.
First, in the treatment response grouping, there
were few literatures reports in each group, and
the groupings were not consistent. Second, the
extraction of data from the survival curves to
calculate some ORs might have introduced
multiple tiny errors. Third, the cut-off values
among these studies were disparate; therefore,
we could not set up a baseline referring to high
Pro-GRP expression, and inconsistency might
be observed. Fourth, each subgroup included
too few articles in the literature, which could
affect the statistical results. More studies were
needed in the meta-analysis to evaluate the
Pro-GRP levels associated with clinical progno-
sis and recurrence.

In summary, our study demonstrated that Pro-
GRP expression was significantly correlated
with SCLC prognosis. Pro-GRP expression in
the blood was significantly associated with
prognosis, survival time, and VALG stage. More
studies are needed to confirm the relationship
between the expression of Pro-GRP and the
prognosis of SCLC patients.
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