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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
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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
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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
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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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