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Background: The prognostic value of chromogranin-A (CHGA) as a biomarker of prostate

cancer (PCa) has been evaluated extensively. However, to date the results still remain

controversial. This study aims to perform a meta-analysis on previous studies in order to

determine whether CHGA would be a biomarker for survival in PCa patients.

Methods: MEDLINE, Embase, Web of Science, and Cochrane Library databases were

searched to identify eligible studies published before September 2018, regarding the associa-

tion of CHGA gene expression with survival outcomes in patients with PCa. Multivariate

adjusted HRs and associated 95% CIs were calculated using random effects models.

Results: Ten cohort studies involving 3,172 patients were finally included. According to the

included studies, circulating CHGA levels were tested in serum, plasma, and tissues. The

results showed an association between high CHGA expression and worse overall survival

(OS) (HR=1.24, 95% CI: 1.07–1.44; P=0.004; I2=77.6%) in PCa patients. However, no

significant association was observed between increasing CHGA expression and shorter

progression-free survival (HR=1.73, 95% CI: 0.92–3.28; P=0.090; I2=73.9%). The results

of sensitivity analysis validated the rationality and reliability of our analysis.

Conclusion: Current evidence indicates that high CHGA expression is a potential marker

for poor OS in PCa. Future studies are needed to explore tailored treatments that directly

target CHGA for the improvement of survival in men with PCa.
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Background
Prostate cancer (PCa) is the second leading cause of cancer death in men with

a worldwide annual mortality of over 200,000.1–3 The first symptom occurs mostly

during the progression of PCa when it cannot be treatable anymore. Therefore, early

detection of PCa in asymptomatic men is the key to reducing mortality. Prostate-

specific antigen (PSA)-based screening detects substantial clinically insignificant

patients with PCa.4,5 However, most of these asymptomatic patients are treated

unnecessarily and subject to side effects of treatment. Therefore, population-based

PSA screening is not recommended by current guidelines.6 In order to distinguish

between indolent and high-risk PCa, reliable biomarkers are needed for the better

prognostication of PCa.

Chromogranin-A (CHGA) is a common glycoprotein expressed in neuroendo-

crine cells. Neuroendocrine activity can also be detected in other tumors except for

neuroendocrine tumors, such as prostate and breast tumors.7–10 One study
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demonstrated that CHGA levels are significantly elevated

in patients with castration-resistant prostate cancer

(CRPC) in immunohistochemical studies.11 As tumors

develop in neuroendocrine tissues, they become the main

source of circulating CHGA which can be detected in

blood and tissues.12,13 Moreover, elevated circulating

CHGA levels have been confirmed to be a helpful biomar-

ker for the diagnosis of different types of neuroendocrine

tumors.14–17 Some researches have shown that high serum

CHGA levels are associated with advanced stage disease

and poor prognosis,18,19 but its practicability and prognos-

tic value in clinically localized PCa is still debatable.

Several studies have suggested that the high mRNA

expression of CHGA is related to worse survival, but other

studies did not reach these conclusions.20–23 We thus per-

formed a meta-analysis to reveal the prognostic signifi-

cance of CHGA expression for overall survival (OS) and

progression-free survival (PFS) in patients with PCa.

Materials and methods
This study was performed in accordance with the

Cochrane Collaboration criterion.24 For reporting, we fol-

lowed the PRISMA statement guidelines.25 Thus, no ethi-

cal approval and patient consent are required.

Literature search
To identify eligible studies, we performed a comprehensive

literature search in the electronic databases of MEDLINE,

Embase, Web of Science, and Cochrane Library databases

for eligible studies regarding the association of CHGA

expression with survival outcomes in PCa from database

inception up to September 2018. Each database was searched

without restrictions to languages, publication types, or

regions using the following combination of Medical

Subject Headings (MeSH) and non-MeSH search terms:

(“chromogranin A” OR “parathyroid secretory protein” OR

“CHGA”) AND (“prostate cancer” OR “prostatic cancer”

OR “prostate neoplasm” OR “prostatic neoplasm”). The

main search was completed by the senior author (ZLG).

Any discrepancy was resolved through consultation of an

investigator (SSW) not involved in the initial procedure (as

shown in Supplementary Material).

Inclusion and exclusion criteria
Two independent investigators (ZG and YW) selected

eligible studies regarding the association of CHGA expres-

sion with survival outcomes in PCa without publication

status or language restrictions in accordance with the

following inclusion criteria: 1) diagnoses were confirmed

as PCa by pathology; 2) original trials regarding the asso-

ciation of CHGA expression with survival outcomes (eg,

OS, PFS, etc.) in PCa; and 3) studies reporting sufficient

data of risk estimates with corresponding 95% CIs or

enough data to calculate them directly were eligible for

inclusion. If more than one study was identified from the

duplicated database, we retained only the most recent or

largest study to avoid duplication of information. The

exclusion criteria were as follows: 1) reviews, letters,

conference papers, case reports, case series, and expert

opinion articles were not eligible for inclusion; 2) absence

of detailed results; and 3) animal studies. Any disagree-

ment was resolved through adjudication of senior authors.

Data extraction and methodological

quality assessment
Two reviewers (ZG and SX) extracted the data indepen-

dently using a predefined data extraction form, and discre-

pancies were settled through a consensus discussion. The

following data were extracted into a standardized evidence

table: first author, year of publication, country, study design,

baseline population characteristics (ie, mean age and sample

size), duration, adjusted factors, and HRs with correspond-

ing 95% CIs for survival in each comparisons. We also

checked these data for accuracy. Moreover, we contacted,

if possible, the primary authors of studies with insufficient

information to acquire and verify the data.

The quality and risk of bias of the included cohort studies

were evaluated by two independent reviewers (FLC and SW)

separately according to the Newcastle-Ottawa Scale

(NOS).26 Disagreements were also settled through discus-

sion among authors. The standards consist of 10 items that

assess the representativeness of the included studies. Each

item was evaluated as “yes,” “no,” or “unclear” correspond-

ing, respectively, to “1,” “0,” or “0” according to the infor-

mation provided by the studies. The total score ranged from 0

to 10 with the overall score categorized as follows: 7 to 10:

“high quality,” 4 to 6: “moderate quality,” and 0 to 3: “low

quality.”

Statistical analyses
For meta-analysis, the total risk estimate of extracted data

was pooled using HRs with associated 95% CIs through

the STATA statistical package (version 14.0; serial num-

ber: 10699393; StataCorp Wyb) to determine the associa-

tion of CHGA expression with survival outcomes in PCa.
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For consistent definitions, HRs with corresponding 95%

CIs were used as a common measure in the included

studies because CHGA expression in PCa was considered

as a rare event. We could generally ignore the distinctions

among the various measures of risk estimates. Thus, the

ORs values in the observational studies were considered as

approximations of HRs.27 The aggregated results and 95%

CIs for effect size were calculated using inverse-variance

weighted meta-analysis. The I-square (I2) test was per-

formed to assess the effect of study heterogeneity on the

meta-analysis results, with I2 values of 0%, 25%, 50%, and

75% representing no, low, moderate, and high heterogene-

ity, respectively. Based on the Cochrane review

guidelines,24 a severe heterogeneity of I2≥50% warrants

the use of random-effects models. Otherwise, a fixed-

effects model is utilized. Statistical significance was set

at P<0.05. Subgroup analyses were performed in accor-

dance with different countries, study designs, and chromo-

granin-A level measurements. Sensitivity analysis was

conducted by deleting each study individually to evaluate

the quality and consistency of the results. A meta-

regression analysis was conducted to investigate possible

sources of heterogeneity on certain variable. The restricted

maximum likelihood method was used for analysis.

Finally, Egger’s and Begg’s tests were performed to assess

publication bias, and the funnel plot symmetry was

examined.28,29

Results
Study selection process
A flow chart depicts the search process and study selection

(as shown in Figure 1). A total of 665 studies were

identified through our comprehensive search of several

electronic databases. Only 594 studies were retrieved

after removal of duplicates. After screen the titles and

abstracts, only 28 studies remained. Finally, a total of 18

full-text articles were discarded for the following reasons:

Records identified through
database searching

(n = 665)

Records after duplicates removed
(n = 594)

Records screened
(n = 594)

Records excluded
(n = 566)

Full-text articles assessed
for eligibility

(n = 28)

Full-text articles excluded
(n = 18)

Survival was not the end
point (6 studies);

men did not match the
prostate cancer definition

(3 studies);
duplicated database (1

study);
no sufficient data for
extraction (8 studies).

Studies included in
qualitative synthesis

(n = 10)

Studies included in
quantitative synthesis

(meta-analysis)
(n = 10)
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Figure 1 Flow diagram of literature searches according to the preferred reporting items for systematic reviews and meta-analyses statement.
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survival was not the end point (6 studies), men did not

match the PCa definition (3 studies), duplicated database

(1 studies), and no sufficient data for extraction (8 studies).

Therefore, 10 cohort studies20–23,30–35 comprising 3,172

participants were included in our meta-analysis in compli-

ance with the inclusion criteria.

Study characteristics and methodological

quality
The basic characteristics of the included studies20–23,30–35

are described in Table 1. These studies (7 retrospective

cohort studies20,21,23,30–33 and 3 prospective cohort

studies22,34,35) were published between 2005 and 2018

and involved 3,172 participants. In total, 10 eligible

cohorts with 3,172 patients were analyzed for OS

outcomes,20–23,30–35 and 3 qualified studies with 139

patients were analyzed for PFS outcomes.21,31,35 The sam-

ple sizes varied from 39 to 1,018. Among the included

studies, five were conducted in Italy,20–22,30,31 two in

Germany,33,35 two in USA,32,34 and one in UK.23

Furthermore, serum CHGA levels were measured in six

studies,21–23,31,32 tissue CHGA levels were measured in

one study20 and plasma CHGA levels were measured in

three studies,30,33,34 respectively. All studies were pub-

lished in English,20–23,30–35 and nine studies20,21,23,30–35

provided adjusted HRs and one22 reported ORs for survi-

val, accounting for confounding factors. Moreover, the

Table 1 Characteristics of the included studies

First
author,
year

Study
design
(duration)

Country Study charac-
teristics

Adjustments CHGA levels
measurements

Diseases
stage

Berruti et al,

200530
Retrospective

cohort

(1998–2003)

Italy 108 males,

74 (58–86) y

PSA, serum ALP, Hb, Gleason score,

serum ALB, and serum LDH

Plasma CRPC

Berruti et al,

201020
Retrospective

cohort

(1996–2003)

Italy 414 males,

69 (43–91) y

Gleason score, serum PSA, disease

stage, and local treatments

Tissue PC

Burgio et al,

201431
Retrospective

cohort

(2011–2012)

Italy 48 males,

73 (57–90) y

Gleason score, serum PSA, and age Serum CRPC trea-

ted with

abiraterone

Conteduca

et al, 201436
Retrospective

cohort (NA)

Italy 39 males,

75 (43–91) y

Gleason score, serum PSA, and age Serum CRPC trea-

ted with

enzalutamide

De Nunzio

et al, 201422
Prospective

cohort

(2006–2012)

Italy 1,018 males,

68 (62–74) y

Age, PSA, DRE, and prostate volume Serum PC

Giridhar

et al, 201832
Retrospective

cohort

(2002–2009)

USA 256 males,

72 (65–77) y

Age, Gleason score, serum PSA, dis-

ease stage, and local treatments

Serum CRPC trea-

ted with

abiraterone

Jeetle et al,

201223
Retrospective

cohort

(1990–1996)

UK 806 males,

>76 y

Gleason score and serum PSA Tissue PC

Niedworok

et al, 201733
Retrospective

cohort

(2003–2004)

Germany 110 males,

66 (49–86) y

Gleason score, serum PSA, disease

stage and, local treatments

Plasma PC

Taplin et al,

200534
Prospective

cohort

(1996–1998)

USA 321 males,

70 (65–75) y

Demographics, metastases, Gleason

score, performance status, disease

assessment, prior therapy, suramin

dose

Plasma CRPC

von

Hardenberg

et al 201735

Prospective

cohort

(2013–2015)

Germany 52 males, 71.3±7.2

y

Gleason score, Charlson comorbidity

index, age, and local treatments

Serum CRPC trea-

ted with

docetaxel

Abbreviations: ALB, albumin; ALP, alkane phosphatase; CHGA, chromogranin-A gene; CRPC, castration-resistant prostate cancer; DRE, digital rectal examination; Hb,

hemoglobin; LDH, lactate dehydrogenase; OS, overall survival; PC, prostate cancer; PFS, progression-free survival; PSA, prostate-specific antigen; NA, not available; y, years.
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duration and the mean age of patients were also detailed in

Table 1.

In addition, the methodological quality was evalu-

ated in accordance with NOS.23 It was found that eight

studies20,23,31–35 got 8 points, respectively, one study22

got 6 points, and one study21 obtained 5 points. In all,

the methodological quality of eight studies was consid-

ered of high quality,20,23,31–35 and two studies were

evaluated as moderate quality.21,22 The main deficiency

was the selection bias related to the insufficient adjust-

ment of clinical tumor stage and initial treatment mod-

ality among the included studies.

CHGA expression and OS in PCa
Ten cohort studies involving 3,172 patients provided the

data on OS in PCa.20–23,30–35 The results showed an asso-

ciation between high CHGA expression and worse OS

(HR=1.24, 95% CI: 1.07–1.44; P=0.004) in PCa.

Significant heterogeneity was observed among studies

(I2=77.6%, P<0.001), and a random effects model was

used for pooled analysis (Figure 2). Sensitivity analysis

indicated that none of the individual studies influenced the

summary statistic by omitting single study from the pooled

estimate substantially (Table 2). As summarized in Table

3, we conducted subgroup analyses regarding different

study designs, showing that the summary HR was statisti-

cally significant in the retrospective cohort studies

(HR=1.51, 95% CI: 1.14–1.99; P=0.004; I2=72.4%) rather

than prospective cohort studies (HR=1.08, 95% CI:

0.95–1.23; P=0.257; I2=69.1%). Additionally, as for sub-

group analyses of the different countries and CHGA levels

measurements, the results were inconsistent with overall

analysis except for the plasma CHGA level measurement,

USA, and Germany on account of the limited number of

studies evaluated. Literature reports of potential impact on

tissue CHGA levels in PCa are scarce and also with con-

trary results. Thus future studies regarding tissue CHGA

levels in PCa would verify our results. Notably, when

stratified by clinical tumor stage, the results showed that

the summary HR was statistically significant in patients

with CRPC (HR=1.29, 95% CI: 1.07–1.55; P=0.008;

I2=57.9%) compared with patients with PCa (HR=1.23,

Author (year) HR (95% Cl)

1.20 (0.99, 1.44) 14.40

9.65

3.15

1.85

18.75

7.94

13.39

2.26

12.70

15.92

100.00

1.56 (1.12, 2.17)

1.90 (0.90, 4.10)

4.80 (1.70, 13.30)

1.00 (0.99, 1.01)

1.35 (0.89, 1.97)

0.97 (0.89, 1.37)

4.20 (1.70, 10.70)

1.33 (1.05, 1.68)

1.07 (0.93, 1.24)

1.24 (1.07, 1.44)

Weight, %

Berruti A (2005)

Berruti A (2010)

Burgio SL (2014)

Conteduca V (2014)

De Nunzio C (2014)

Giridhar KV (2018)

Jeetle SS (2012)

Niedworok C (2017)

Taplin ME (2005)

von Hardenberg J (2017)

Overall (I2-squared = 77.6%, P=0.000)

NOTE: Weights are from random effects analysis

.0752 1 13.3

Figure 2 CHGA expression and OS in PCa. Individual studies are represented by black squares and horizontal lines that correspond to the point estimate and 95% CI of the

OR. The size of the black square reflects the weight of the study in the meta-analysis. The solid vertical line corresponds to “no effect” of treatment – an HR of 1. The

diamond at the bottom and the dotted line represent the combined or pooled HR of all 10 trials with their 95% CI.

Abbreviations: CHGA, chromogranin-A gene; OS, overall survival; PCa, prostate cancer.
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95% CI: 0.93–1.63; P=0.148; I2=81.7%). However, the

subgroups could not find the potential factors that may

substantially affect the heterogeneity. Meta-regression

analysis results shown that none of the covariates (country,

P=0.826; study design, P=0.295; CHGA levels measure-

ments, P=0.415; clinical tumor stage, P=0.762) resulted in

heterogeneity among the included studies. Therefore, the

adjusted R-squared of −57.20% to −27.62% what

expresses is that the regressors are contributing little to

the explanation of the response variables (Table 4).

Finally, potential publication bias might exist because of

the small number of studies evaluated (Egger’s test,

P=0.001; Begg’s test, P=0.020) (Figure 4).

CHGA expression and PFS in PCa
Three cohort studies involving 139 patients provided data

on PFS in PCa.22,34,35 The combined analysis of three

studies suggested that high CHGA expression was not

significantly associated with shorter PFS (Figure 3), with

Table 2 Results of sensitivity analyses

Study omitted HR 95% CI

Berruti et al, 200530 1.26 1.07 1.49

Berruti et al, 201020 1.20 1.04 1.39

Burgio et al, 201431 1.22 1.06 1.42

Conteduca et al, 201436 1.20 1.05 1.37

De Nunzio et al 201422 1.33 1.11 1.60

Giridhar et al 201832 1.23 1.06 1.44

Jeetle et al 201223 1.31 1.11 1.55

Niedworok et al 201733 1.19 1.04 1.36

Taplin et al 200534 1.23 1.05 1.44

von Hardenberg et al 201735 1.32 1.09 1.59

Combined 1.24 1.07 1.44

Table 3 Results of subgroup analyses

Overall survival Studies, N Participants, N HR (95% CI) P-value P of heterogeneity I2 (%)

10 3,172 1.24 (1.07–1.44) 0.004 <0.001 77.6

Country

Italy 5 1,627 1.36 (1.03–1.79) 0.029 <0.001 82

UK 1 806 0.97 (0.78–1.20) 0.782 NA NA

USA 2 577 1.34 (1.09–1.63) 0.005 0.949 0

Germany 2 162 1.96 (0.52–7.42) 0.322 0.004 87.9

Study design

Retrospective cohort 7 1,781 1.51 (1.14–1.99) 0.004 0.001 72.4

Prospective cohort 3 1,391 1.08 (0.95–1.23) 0.257 0.039 69.1

CHGA levels measurements

Tissue 2 1,220 1.21 (0.76–1.92) 0.423 0.018 82.0

Serum 5 1,413 1.17 (0.96–1.43) 0.113 0.005 72.8

Plasma 3 539 1.43 (1.03–2.01) 0.035 0.031 71.3

Clinical tumor stage

CRPC 6 824 1.29 (1.07–1.55) 0.008 0.036 57.9

PC 4 2,348 1.23 (0.93–1.63) 0.148 0.001 81.7

Abbreviations: CHGA, chromogranin-A protein; CRPC, castration-resistant prostate cancer; NA, not available; PC, prostate cancer.

Table 4 Results of meta-regression

Covariates The exponent of b Standard error t P>|t| 95% CI R-squared

Country 0.9739739 0.1127419 −0.23 0.826 0.457975 1.271961 −57.20%

Study design 0.764022 0.1834384 −1.12 0.295 0.4391912 1.329101 −29.22%

CHGA levels measurements 0.9011292 0.1091306 −0.86 0.415 0.6815581 1.191437 −27.62%

Clinical tumor stage 0.9203951 0.2434193 −0.31 0.762 0.5001601 1.693712 −49.17%

Notes: Country (1=Italy, 2=USA, 3=UK, 4=Germany); study design (1=retrospective cohort, 2=prospective cohort); CHGA levels measurements (1=plasma, 2=tissue,

3=serum); and clinical tumor stage (1=CRPC, 2=prostate cancer).

Abbreviations: CHGA, chromogranin-A protein; CRPC, castration-resistant prostate cancer.
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HR of 1.73 (95% CI: 0.92–3.28; P=0.090; I2=73.9%).

However, the use of subgroup analysis and sensitivity

analysis were limited because of the small number of

studies evaluated.

Discussion
Main findings
In this study, we analyzed the associations between CHGA

expression and survival in patients with PCa using a meta-

analysis of the 10 included studies.20–23,30–35 Overall, our

results indicated a significant association of high CHGA

expression with poor OS in PCa, although statistically signifi-

cant difference was not observed in the PFS group. Also, it

should be noted that significant heterogeneity was observed in

the overall analysis. The meta-regression and subgroup ana-

lyses could not find the potential factors that may substantially

affect the heterogeneity. The results of sensitivity analysis

validated the rationality and reliability of our analysis.

Five studies suggested a significant association

between high CHGA expression with poor OS in

PCa,20,21,30,33,34 whereas five studies reported conflicting

results.22,23,31,32,35 The retrospective cohort conducted by

Burgio et al31 reported that in the multivariate analysis,

high CHGA expression was a predictor of PFS (HR=2.70,

95% CI: 1.30–5.20; P=0.0047), while CHGA levels

remained of borderline significance of OS (HR=1.90,

95% CI: 0.90–4.10; P=0.0919). Moreover, De Nunzio

et al22 focused on poorly differentiated PCa, their study

Author (year) HR (95% Cl) Weight, %

Burgio SL (2014) 2.70 (1.30, 5.20) 29.90

24.65

45.44

100.00

2.20 (0.90, 5.20)

1.14 (1.00, 1.30)

1.73 (0.92, 3.28)

Conteduca V (2014)

von Hardenberg J (2017)

Overall (I2-squared = 73.9%, P=0.022)

NOTE: Weights are from random effects analysis

.192 1 5.2

Figure 3 CHGA expression and PFS in PCa. Individual studies are represented by black squares and horizontal lines, which correspond to the point estimate and 95% CI of

the odds ratio. The size of the black square reflects the weight of the study in the meta-analysis. The solid vertical line corresponds to “no effect” of treatment - an HR of 1.

The diamond at the bottom and the dotted line represent the combined or pooled HR of all 3 trials with its 95% CI.

Abbreviations: CHGA, chromogranin-A gene; PCa, prostate cancer; PFS, progression-free survival.
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Figure 4 Funnel plot of the HR of CHGA expression and overall survival in prostate

cancer. The Egger regression asymmetry plot shows the standardized effect esti-

mates versus precision, the variance-weighted regression line, and the CI for the

intercept. Individual studies are represented by white circles. Failure of this CI to

include zero indicates asymmetry in the funnel plot and may give evidence of

publication bias. Guidelines at x=0 and y=0 are plotted to assist in visually deter-

mining if zero is in the CI.

Abbreviation: CHGA, chromogranin-A gene.
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indicated that high CHGA expression was not a significant

predictor of OS on univariate (OR=1.00, 95% CI:

0.99–1,01; P=0.66). Similarly, Giridhar et al32 Jeetle et al23

and von Hardenberg et al35 demonstrated that CHGA

expression was not an independent predictor of survival

(HR=1.35, 95% CI: 0.89–1.97; P=0.154; HR=0.97, 95%

CI: 0.89–1.37, P=0.87; HR=1.07, 95% CI: 0.93–1.24,

P=0.0919, respectively). When we excluded this study

from the meta-analysis, the stability of the results showed

no significant changes, validating the rationality and relia-

bility of our analysis.

Implications for clinical practice
CHGA is considered to be a useful predictor in PCa patients

with lower PSA levels.36,37 However, Our results suggest that

the lack of correlation between the low PSA levels and high

CHGA value, which may be the expression of patients with

advanced CRPC with neuroendocrine differentiation in the

context of a heterogeneous tumor volume. Moreover, elevated

serum CHGA levels are usually associated with neuroendo-

crine differentiation of CRPC, suggesting that patients with

CRPChave a poor prognosis andmay be related to the increas-

ing degrees of differentiation.34,38 In recent years, several

studies have suggested that serum levels of CHGA are signifi-

cantly higher in metastatic PCa as compared to non-metastatic

and primary PCas.39,40 Nevertheless, despite this interest in

neuroendocrine serum markers, little is known about their

sources in different growth patterns and PCa metastasis.

Previous studies indicated that CHGA values were not sub-

stantially affected by either endocrine therapy or

chemotherapy.30,41 Since preoperative treatment decisions

based on the prognosis may be active surveillance rather than

surgery, our results may have direct clinical relevance. In

addition, our results show that those who are eligible for active

surveillance may also benefit from the analysis of CHGA, as

this may improve the accuracy of disease surveillance.

Latest classification of neuroendocrine prostate tumors

suggests that variants of neuroendocrine prostate cancer

(NEPC) contain a mixed form between conventional adeno-

carcinoma and NEPC, which was often characterized by

androgen receptor independence.42 However, neuroendocrine

markers and androgen receptor are dually expressed in the

mixed tumor cells due to clinical and pathological heteroge-

neity among patients.42 Moreover, a large proportion of the

treatment-related recurrent prostate tumors have strong neu-

roendocrine characteristics, which was caused by pre-existing

prostate adenocarcinoma.43 Several studies indicated that neu-

roendocrine differentiation cells are potentially derived from

the common pluripotent stem cell populations, which play

a crucial role in CRPC and might contribute to hormone

therapy and chemoresistance.44,45 Notably, NEPC cells

express high levels of chromogranin and synaptophysin.46

Hence, the overlapping clinical entities require more accurate

clinical and molecular classification, and further research is

needed to determine their prognostic impact.47

Strengths and limitations
In general, our meta-analysis exhibited several crucial

strengths. First, the meta-analysis was the first to assess

the association between CHGA expression and survival

in patients with PCa through thorough systematic search

and rigorous analytical approaches. Second, multivari-

able-adjusted risk estimates were applied to minimize

the confounding factors that might influence the whole

results. Third, the rationality and reliability of our meta-

analysis was observably improved because the overall

combined estimates were based on a large sample size.

Furthermore, sufficient subgroup analyses and sensitiv-

ity analyses were also performed to ensure the reliability

of this study.

This study has several limitations, which may

affect the interpretation of some of our results.

Firstly, there was the problem of heterogeneity in the

overall analysis, although we could not find the poten-

tial factors that may substantially affect the heteroge-

neity through the meta-regression and subgroup

analyses. Moreover, clinical tumor stage and initial

treatment modality should also be accounted for poten-

tial considerable factors, which possibly contribute to

heterogeneity. However, our understanding of the

effects of clinical tumor stage and initial treatment

modality among the included studies on the overall

results remains insufficient, although these factors

have been investigated, albeit inadequately, in other

studies. Further research is needed to verify the find-

ings of this meta-analysis with regard to the factors

affecting extensive consequences and common objec-

tives as mentioned above. Second, CHGA expression

has been associated with other molecular biomarkers

for PCa prognosis. Inadequate adjustment for these

biomarkers in several included studies might have

resulted in spurious associations. Finally, potential

publication bias might exist because of the small num-

ber of studies evaluated and the small effect size

estimated.
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Conclusion
In summary, current evidence supported the viewpoint that

high CHGA expression is significantly associated with

poor OS in PCa. Future studies with large sample sizes

and stratified analyses according to clinicopathological

characteristics are needed to explore tailored treatments

that directly target CHGA for the improvement of survival

in men with PCa.
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Supplementary material
Appendix 1: Detailed search strategy

1. MEDLINE (via PubMed) search strategy

2. Embase search strategy

Search
ID#

Search Terms

#29 Search #20 AND #28

#28 Search #21 OR #22 OR #23 OR #24 OR #25 OR #26

OR #27

#27 Search “CHGA”[Text Word]

#26 Search “Secretory Protein I, Parathyroid Gland”[Text

Word]

#25 Search “Secretory Protein I, Parathyroid Gland”[Text

Word]

#24 Search “CHGA Protein”[Text Word]

#23 Search “Secretory Protein, Parathyroid”[Text Word]

#22 Search “Parathyroid Secretory Protein”[Text Word]

#21 Search “Chromogranin A”[Mesh]

#20 Search #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7

OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR

#14 OR #15 OR #16 OR #17 OR #18 OR #19

#19 Search Cancer of Prostate[Text Word]

#18 Search Prostatic Cancers[Text Word]

#17 Search “Cancers, Prostatic”[Text Word]

#16 Search “Cancer, Prostatic”[Text Word]

#15 Search Prostatic Cancer[Text Word]

#14 Search Cancer of the Prostate[Text Word]

#13 Search Prostate Cancers[Text Word]

#12 Search “Cancers, Prostate”[Text Word]

#11 Search “Cancer, Prostate”[Text Word]

#10 Search Prostate Cancer[Text Word]

#9 Search Prostatic Neoplasm[Text Word]

#8 Search “Neoplasm, Prostatic”[Text Word]

#7 Search “Neoplasms, Prostatic”[Text Word]

#6 Search Prostate Neoplasm[Text Word]

#5 Search “Neoplasm, Prostate”[Text Word]

#4 Search “Neoplasms, Prostate”[Text Word]

#3 Search Prostate Neoplasms[Text Word]

#2 Search Prostatic Neoplasms[Text Word]

#1 Search “Prostatic Neoplasms”[Mesh]

Search
ID#

Search Terms

#29 #20 AND #28

#28 #21 OR #22 OR #23 OR #24 OR #25 OR #26 OR

#27

#27 “CHGA”:tw

#26 “Secretory Protein I, Parathyroid Gland”:tw

#25 “Secretory Protein I, Parathyroid Gland”:tw

#24 “CHGA Protein”:tw

#23 “Secretory Protein, Parathyroid”:tw

#22 “Parathyroid Secretory Protein”:tw

#21 “Chromogranin A”/exp

#20 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8

OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR

#15 OR #16 OR #17 OR #18 OR #19

#19 “prostatic neoplasms”:tw

#18 “cancer of prostate”:tw

#17 “prostatic cancers”:tw

#16 “cancers, prostatic”:tw

#15 “cancer, prostatic”:tw

#14 “prostatic cancer”:tw

#13 “cancer of the prostate”:tw

#12 “prostate cancers”:tw

#11 “cancers, prostate”:tw

#10 “cancer, prostate”:tw

#9 “prostatic neoplasm”:tw

#8 “neoplasm, prostatic”:tw

#7 “neoplasms, prostatic”:tw

#6 “prostate neoplasm”:tw

#5 “neoplasm, prostate”:tw

#4 “neoplasms, prostate”:tw

#3 “prostate neoplasms”:tw

#2 “prostate cancer”:tw

#1 “prostate cancer”/exp
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3. Cochrane Library search strategy

Cancer Management and Research Dovepress
Publish your work in this journal
Cancer Management and Research is an international, peer-reviewed
open access journal focusing on cancer research and the optimal use of
preventative and integrated treatment interventions to achieve improved
outcomes, enhanced survival and quality of life for the cancer patient.

The manuscript management system is completely online and includes
a very quick and fair peer-review system, which is all easy to use.
Visit http://www.dovepress.com/testimonials.php to read real quotes
from published authors.

Submit your manuscript here: https://www.dovepress.com/cancer-management-and-research-journal

Search
ID#

Search Terms

#29 #20 and #28

#28 #21 or #22 or #23 or #24 or #25 or #26 or #27

#27 “CHGA”:ti,ab,kw

#26 “Secretory Protein I, Parathyroid Gland”:ti,ab,kw

#25 “Secretory Protein I, Parathyroid Gland”:ti,ab,kw

#24 “CHGA Protein”:ti,ab,kw

#23 “Secretory Protein, Parathyroid”:ti,ab,kw

#22 “Parathyroid Secretory Protein”:ti,ab,kw

#21 MeSH descriptor: [Chromogranin A] explode all trees

#20 #1 or #2 or #3 or#4 or #5 or #6 or #7 or #8 or #9 or

#10 or #11 or #12 or #13 or #14 or #15 or #16 or

#17 or #18 or #19

#19 “prostatic neoplasms”:ti,ab,kw

#18 “cancer of prostate”:ti,ab,kw

#17 “prostatic cancers”:ti,ab,kw

#16 “cancers, prostatic”:ti,ab,kw

#15 “cancer, prostatic”:ti,ab,kw

#14 “prostatic cancer”:ti,ab,kw

#13 “cancer of the prostate”:ti,ab,kw

#12 “prostate cancers”:ti,ab,kw

#11 “cancers, prostate”:ti,ab,kw

#10 “cancer, prostate”:ti,ab,kw

#9 “prostatic neoplasm”:ti,ab,kw

#8 “neoplasm, prostatic”:ti,ab,kw

#7 “neoplasms, prostatic”:ti,ab,kw

#6 “prostate neoplasm”:ti,ab,kw

#5 “neoplasm, prostate”:ti,ab,kw

#4 “neoplasms, prostate”:ti,ab,kw

#3 “prostate neoplasms”:ti,ab,kw

#2 “prostate cancer”:ti,ab,kw

#1 MeSH descriptor: [Prostatic Neoplasms] explode all

trees

4. Web of Science search strategy

Search
ID#

Search Terms

#29 #20 AND #28

#28 #21 OR #22 OR #23 OR #24 OR #25 OR #26 OR

#27

#27 Topic=(CHGA)

#26 Topic=(Secretory Protein I, Parathyroid Gland)

#25 Topic=(Secretory Protein I, Parathyroid Gland)

#24 Topic=(CHGA Protein)

#23 Topic=(Secretory Protein, Parathyroid)

#22 Topic=(Parathyroid Secretory Protein)

#21 Topic=(Chromogranin A)

#20 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8

OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR

#15 OR #16 OR #17 OR #18 OR #19

#19 Topic=(prostatic neoplasms)

#18 Topic=(cancer of prostate)

#17 Topic=(prostatic cancers)

#16 Topic=(cancers, prostatic)

#15 Topic=(cancer, prostatic)

#14 Topic=(prostatic cancer)

#13 Topic=(cancer of the prostate)

#12 Topic=(prostate cancers)

#11 Topic=(cancers, prostate)

#10 Topic=(cancer, prostate)

#9 Topic=(prostatic neoplasm)

#8 Topic=(neoplasm, prostatic)

#7 Topic=(neoplasms, prostatic)

#6 Topic=(prostate neoplasm)

#5 Topic=(neoplasm, prostate)

#4 Topic=(neoplasms, prostate)

#3 Topic=(prostate neoplasms)

#2 Topic=(prostate cancer)

#1 Topic=(prostate cancer)
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