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Abstract
Purpose  The natural history of prostate cancer (PC) almost always evolves to castration-resistant prostate cancer (CRPC) 
status, sometimes comprising pure or mixed neuroendocrine prostate cancers (NEPC) differentiation. In CRPC, monitoring 
using only prostate-specific antigen (PSA) is not optimal since neuroendocrine differentiated cells do not secrete PSA. Thus, 
monitoring with PSA and chromogranin A (CgA) may be useful. This review aims to evaluate evidence for the usefulness 
of CgA assessments during the monitoring of prostate cancer.
Method  This review was based on three recent meta-analysis concerning CgA and prostate cancer. Further data were 
obtained from PubMed and Embase databases by searches using keywords, including chromogranin A and prostate cancer.
Results  CgA levels remain largely unchanged during the early PC evolution. The development of NEPC is characterised 
by lower PSA secretion and increased CgA secretion. Data supporting the prognostic value of high CgA baseline levels for 
survival are contrasting and scarce. However, increasing CgA levels early during treatment of metastatic (m)CRPC suggests 
resistance to treatment and predicts shorter survival, particularly in men with high baseline levels of CgA levels. In men with 
mCRPC, the first-line chemotherapy may be more appropriate than other agents when baseline CgA levels are high. Also, 
increasing CgA levels during treatment may indicate disease progression and may warrant a change of therapy.
Conclusion  CgA monitoring at baseline and regularly during mCRPC management may be useful for monitoring disease 
evolution. An increased CgA baseline levels and increasing CgA levels may assist physicians with choosing and modifying 
therapy.
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Introduction

Prostate cancers (PCs) are an androgen-driven disease and 
therefore require testosterone for growth [1]. However, 
almost all PCs progress to castration-resistant prostate can-
cer (CRPC). This resistance to castration is often driven by 
androgen receptor (AR) splice variants and AR point muta-
tions or amplifications [2]. Neuroendocrine differentiation, 
although less frequent, provides an alternative AR-independ-
ent mechanism of evolution [3].

A large proportion of CRPCs are still driven by AR sig-
nalling [4]. Thus, AR targeted therapies remain appropriate 
in these tumours. In the metastatic setting, androgen depriva-
tion therapy (ADT) combined with androgen-receptor (AR) 
targeted therapies, including abiraterone, apalutamide, and 
enzalutamide, is the standard first-line therapy [5]. How-
ever, neuroendocrine differentiation can emerge after AR 
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inhibition that is less dependent on AR signalling. In men 
with mCRPC, 15–20% of tumours become AR independent 
[6]. This change manifests by a histological change, after 
exposure to multiple treatments, from prostate adenocarci-
noma to neuroendocrine contingents.

The neuroendocrine prostate cancer (NEPC) phenotype 
includes both pure small cell carcinomas and mixed adeno-
carcinoma-neuroendocrine tumours [6]. Pure or dominant 
NEPC phenotypes, compared to the more common prostatic 
adenocarcinoma, often have visceral metastases, lytic bone 
lesions, relatively low serum prostate-specific antigen (PSA) 
levels, resists to castration, and could response to platinum-
based chemotherapy [7]. NEPC diagnosis is essentially 
based on morphological characteristics and detection of 
neuroendocrine markers, including synaptophysin, chro-
mogranin, and CD56 [4].

In patients with pure or mixed NEPC, monitoring using 
only PSA is not optimal since neuroendocrine differenti-
ated cells do not secrete PSA. The impact of new generation 
imaging such as PSMA PET/CT could be useful for surveil-
lance at the stage of NEPC. However, no specific study can 
provide guidance for routine PET/CT-based monitoring in 
that setting. Thus, prostatic tumours with neuroendocrine 
differentiated cells often remain undetected or are difficult 
to monitor by serum PSA analysis.

Chromogranin A (CgA) is the main component of secre-
tory granules of neuroendocrine cells [8]. In neuroendocrine 
cells, CgA regulates the storage and secretion of hormones 
and neuropeptides and serves as a precursor to biologically 
active peptides [8–10]. Enzymatic cleavage of CgA gener-
ates biologically active peptides, including vasostatin, pan-
creastatin, WE14, catestatin, and serpinin. However, most 
CgA is secreted into the blood unchanged [8].

CgA blood levels may be elevated in patients with heart 
failure, renal failure, hypertension, sepsis and in those with 
various inflammatory disorders, including inflammatory 
bowel disorder and rheumatoid arthritis [10]. In patients 
with PCs, the increased levels of CgA suggest the pres-
ence and/or progression of neuroendocrine tumours or sub-
populations. Neuroendocrine tumours have cells capable of 
producing, storing, and secreting CgA [9]. Two plausible 
mechanisms exist to explain the increased secretion of CgA 
in these patients, either increased neuroendocrine differen-
tiation or an increased stress response in neuroendocrine 
cells, under the pressure of treatment.

Irrespective of the mechanism, CgA is a potential, and 
currently underused, biomarker in patients with NEPC or 
with neuroendocrine differentiation subpopulations [9, 11]. 
However, CgA as a biomarker, due to confounding non-
neoplastic conditions, may be most useful relative to prior 
levels and not as an absolute value. CgA should be included 
as a tool for monitoring the evolution of PC: to identify the 
presence of neuroendocrine tumour subpopulations and to 

assist physicians with patient follow-up and treatment deci-
sions. In this publication, we provide rational for using CgA 
as a biomarker in patients with CRPC for monitoring disease 
evolution and for guiding treatment.

Methods

To identify articles with relevant information, we performed 
a systematic literature research in the Pubmed and Embase 
electronic databases. The following search was performed 
in each database: prostate AND cancer AND chromogranin. 
Articles published prior to 2010 were not included. An arti-
cle published by Aggarwal et al. was not identified during 
the PubMed and Embase database searches, but was con-
sidered relevant for the review [12]. The flow chart of the 
literature searches is shown in Fig. 1. Finally, 24 articles 
were included in this review (see Table 1).

Results

Biomarker levels during prostate cancer evolution

In general, CgA levels remain largely unchanged during the 
early evolution of PCs. As previously mentioned, neuroen-
docrine differentiated cells do not secrete PSA. Thus, CgA, 
as a biomarker, is expected to be more useful in patients with 
neuroendocrine differentiated cells that tends to emerge with 
castration resistance. This was confirmed in a recent study; 
CgA and neuron-specific enolase (NSE) levels, another 
neuroendocrine biomarker, were assessed in serum samples 
from 395 men at various stages of PC: 157 with hormone-
naïve localised PC after radical prostatectomy and 238 with 
mCRPC (95 treated with first-line docetaxel and 143 treated 
with the first- or second-line abiraterone and/or enzaluta-
mide) [13]. CgA and NSE levels were 2–3 times higher in 
patients with mCRPC than those with localised PC. Simi-
larly, Niedworok et al. assessed whether CgA levels were 

Fig. 1   Flow diagram of the literature searches
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associated with disease aggressiveness and oncologic out-
comes such as long-term disease-specific survival [22]. CgA 
levels were significantly higher in patients with advanced 
disease compared with those with localised PC. Mitsui and 
his colleagues, in a retrospective analysis in 16 men, found 
that tissular CgA levels significantly increase from initial PC 
diagnosis to CRPC diagnosis [30].

NEPC is a highly aggressive disease characterised by 
lower PSA secretion and increased secretion of neuroendo-
crine biomarkers, including CgA, synaptophysin, and NSE. 
The emergence of NEPC during CRPC evolution is believed 
to be treatment related in up to 20% of patients [2, 35]. In 
the metastatic setting, most CRPC are still driven by the 
AR signalling pathway. However, PC phenotypes that are 
less reliant on AR signalling do develop after AR inhibition, 
including NEPC. The increased levels of CgA are believed 
to indicate the presence of neuroendocrine differentiated 
cells that secrete CgA.

Prognostic value of baseline CgA levels on survival 
in patients with m0CRPC and mCRPC

Recently, two systematic reviews and meta-analyses 
explored the prognostic role of CgA as a biomarker in CRPC 
[36, 37]. Hong et al. specifically studied CgA in CRPC [36], 
while Liu et al. assessed CgA and NSE as biomarkers spe-
cifically in the more advanced mCRPC setting [37]. Both 
studies concluded that men with high baseline CgA levels 
tended towards shorter OS and PFS [36, 37]. At present, the 
data supporting the prognostic value of CgA levels at base-
line for survival are contrasting and scarce. These findings 
are mainly based on small retrospective cohort and case-
report studies.

The following studies, reported after 2010, found that 
high baseline CgA levels predicted shorter OS [2, 19, 20, 
24, 25, 31, 32]. Three studies simultaneously assessed 
CgA and NSE levels as predictors of OS [13, 24, 25]. The 
combined analyses were performed to compensate for the 
heterogeneous secretion of the neuroendocrine biomark-
ers. Heck et al. assessed CgA and NSE baseline levels in 
45 patients with mCRPC, after chemotherapy and before 
initiating abiraterone acetate [25]. CgA and NSE levels 
were assessed combined: either both low (CgA ≤ 85 ng/
mL and NSE ≤ 16 ng/mL), both high, or one high and the 
one low. OS was significantly shorter when CgA and/or 
NSE baseline levels were high at baseline. The survival 
benefit was more pronounced when both CgA and NSE 
were low at baseline. Similarly, Fan et al. found that in 
40 men with mCRPC, low levels of both CgA and NSE at 
baseline, before initiating abiraterone acetate, were asso-
ciated with prolonged survival [24]. Interestingly, Szar-
vas et al. assessed baseline CgA and NSE levels in two 
mCRPC treatment cohorts: either before docetaxel (n = 95) 

or before abiraterone acetate/enzalutamide (n = 143) [13]. 
Higher baseline levels of CgA, but not NSE levels, were 
associated with shorter OS in both treatment cohorts: the 
association with CgA was more pronounced in the abira-
terone acetate/enzalutamide cohort.

A further five studies focused on baseline CgA levels [2, 
19, 20, 31, 32]. Giridhar et al. found that elevated CgA levels 
at baseline were significantly associated with shorter OS 
[19]. Conteduca et al. classified 35 mCRPC patients into 
3 groups according to baseline CgA levels: < 120 ng/mL 
(n = 10), between 120 and 360 (n = 17), and ≥ 360 (n = 8). 
Baseline CgA level ≥ 360 ng/mL was a significantly pre-
dictor of shorter OS [31]. More recently, Conteduca et al. 
validated these results in a larger study (n = 256). Elevated 
baseline CgA levels were found to predict a shorter PFS 
and OS in patients with CRPC [2]. Matei et al. found that 
baseline CgA levels, using a 20 U/L cut-off, were not asso-
ciated with OS [32]. However, elevated CgA levels, higher 
than ≥ 36 U/L, were significantly associated with shorter 
OS. Finally, the prognostic value of CgA was explored in a 
phase I trial assessing docetaxel-prednisone combined with 
pasireotide, a somatostatin receptor analogue, for treating 
men with chemotherapy-naïve mCRPC [20]. High baseline 
CgA levels, above 100 ng/mL, correlated with OS: hazard 
ratio of 1.07 (80% CI 1.02–1.12).

In contrast, the following studies found that baseline CgA 
levels were not prognostic for survival [26, 27, 29]. A study 
assessing docetaxel, prednisone, combined with curcumin 
for treating chemotherapy-naïve mCRPC found no associa-
tion between elevated baseline levels of CgA, nor those of 
NSE, and OS [27]. Burgio et al. assessed the prognostic 
value of CgA levels in 48 patients with mCRPC treated with 
abiraterone acetate. CgA was not significantly associated 
with OS [29]. Similarly, Angulo and his co-workers did not 
observe a correlation with baseline CgA levels (tissular) and 
cancer-specific survival in 45 men with advanced PC [26].

It is important to note that we do not expect baseline CgA 
levels to be elevated in all men with mCRPC, only in those 
with pure or mixed NEPC. Indeed, a biopsy study of 202 
patients with mCRPC, 148 that had progressed on prior 
treatment with abiraterone and/or enzalutamide, found that 
only 17% had small-cell NEPC subtype [12]. Detection of 
small-cell NEPC was significantly associated with shorter 
OS.

Overall, the data suggest that high baseline CgA levels, 
suggesting the presence of NEPC subtype, are associated 
with shorter OS in patients with mCRPC. However, the 
prognostic value of CgA may be limited by the extended 
survival due to recent therapeutic advances [38]. Thus, 
CgA, either alone or combined with NSE, may be useful to 
detect patients with neuroendocrine tumour subtypes that 
are associated with shorter survival and to predict response 
to certain treatments.
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Increasing CgA levels early during treatment 
predicts poor outcomes

There is an evidence to suggest that increasing CgA levels 
early during treatment may suggest resistance to treatment 
or neuroendocrine differentiation and consequently a shorter 
survival: particularly in patients with higher baseline CgA 
levels.

Increased baseline CgA levels above 360 ng/mL (3 time 
the upper limit of normal) predict early disease progres-
sion within the first 3 months of abiraterone treatment in 
patients with mCRPC [29]. Fan et al. assessed CgA and 
NSE levels in 40 men with mCRPC; increase in either CgA 
and/or NSE levels during the first 3 months of abiraterone 
was an independent predictor of poor survival: PSA PFS, 
radiographic PFS, and OS [24]. A recent study conducted by 
Szarvas et al. reported that in 143 men with mCRPC, treated 
with either abiraterone or enzalutamide, an increase in CgA 
levels of > 50% from baseline at 3 months was associated 
with shorter survival [13]. The association was even more 
pronounced in patients with high CgA levels at baseline. 
Interestingly, this association was not observed in the 95 
patients being treated with docetaxel.

However, in contrast, von Hardenberg et al. reported that 
patients with an increase in CgA within the first and third 
cycle of docetaxel tended toward shorter OS (p = 0.055) and 
had significantly shorter PFS (p = 0.037) [23]. Similarly, a 
study reported by Sarkar et al. suggests that in CRPC men 
treated with docetaxel rising CgA levels predicts a poor 
prognosis, while a lowering CgA levels is probably associ-
ated with clinical response to treatment [34].

In men with mCRPC treated with abiraterone or enza-
lutamide, increasing CgA levels, particularly in those with 
high CgA levels at baseline, suggests resistance to treatment 
and probably the presence of neuroendocrine differentia-
tion. During docetaxel, lowering CgA levels may indicate a 
response to treatment with increasing levels suggesting neu-
roendocrine differentiation with a poor survival prognosis.

CgA as a biomarker of response to treatment

Response to chemotherapy

Several studies have evaluated changes in CgA levels, and 
NSE levels, during chemotherapy [27, 33, 39]. A study 
assessed carboplatin combined with etoposide in men with 
mCRPC and with increased CgA and/or NSE levels at base-
line, indicating the presence of visceral metastasis or neu-
roendocrine differentiation [33]. At baseline, 64% of them 
had CgA levels, 36% had NSE levels, and 21% had both CgA 
and NSE levels ≥ 1.5 times upper limit of normal. During 
carboplatin combined with etoposide, CgA levels decreased 
by > 50% in 7%, were stable in 31%, and increased by > 25% 

in 62% of men. Similarly, NSE levels decreased by > 50% 
in 31%, were stable in 25%, and increased by > 25% in 44% 
of patients. Similarly, Culine et al. assessed cisplatin and 
docetaxel in 41 men with mCRPC with elevated CgA and/
or NSE baseline levels: after at most six 3-week cycles, 33% 
had a neuroendocrine response (NSE and/or CgA decreased 
by > 50%) [39]. Similarly, in a study assessing docetaxel, 
prednisone, combined with curcumin for treating chemother-
apy-naïve mCRPC, CgA levels decreased by > 50% in 7%, 
was stable in 40%, and increased by > 25% in 53% of men 
[27]. NSE levels decreased by > 50% in 30%, was stable in 
60%, and increased by > 25% in 10% of men. Finally, Mitsui 
and his colleagues found that in men with CRPC, tissular 
CgA expression significantly decreased after 2 cycles of 
docetaxel, estramustine, and carboplatin [30]. Thus, there 
is evidence to suggest that chemotherapy lowers CgA and 
NSE levels in selected mCRPC patients.

Response to new generation hormonal therapies

Studies have shown that abiraterone does not drive neu-
roendocrine differentiation and is not directly associated 
with increasing of CgA levels [18, 21, 28]. CgA levels 
were assessed during abiraterone treatment in 34 men with 
chemotherapy naïve mCRPC. After 6 months of abiraterone, 
17 men (50%) had increased CgA levels and 17 (50%) had 
decreased CgA levels [21]. At abiraterone treatment failure, 
14 men (41%) had increased CgA levels and 20 (59%) had 
decreased CgA levels. There was no significant difference 
in between CgA levels at baseline and at abiraterone treat-
ment failure. A study reported by Yang et al. retrospectively 
compared CgA and NSE levels in 103 men with mCRPC: 71 
treated with abiraterone with prednisone and 32 with pred-
nisone alone (control group). The CgA and NSE levels in 
the groups were not significantly different prior to treatment 
[18]. However, after 6 months, significantly more men in 
the control group had elevated CgA and NSE levels. These 
data show that treatment with abiraterone does not induce 
increases in CgA and NSE levels.

A study reported by von Hardenberg et al. assessed CgA 
levels in 35 men with chemotherapy naïve CRPC [28]. 
Among these, 16 men had previously treated with abira-
terone. Overall, in the 35 men baseline levels of CgA were 
abnormal in 20 men. In multivariate analysis, treatment 
with abiraterone and duration of treatment were not associ-
ated with the abnormal levels of CgA. Interestingly, Szar-
vas et al. reported that in mCRPC patients treated with the 
first- or second-line abiraterone and/or enzalutamide a > 50% 
increase in CgA from baseline levels at 3 months was asso-
ciated with shorter survival, particularly when baseline 
CgA levels were already high [13]. These results suggest 
that increased CgA levels, at 3 months, are probably due to 
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neuroendocrine differentiation and suggest the inefficacy of 
abiraterone in this population.

Response to prostate‑specific membrane antigen 
(PSMA)‑targeted radioligand therapy (RLT)

Prostate-specific membrane antigen (PSMA)-targeted radio-
ligand therapy (RTL) is one of the last treatment options for 
men with mCRPC. Three recent studies assessed whether 
CgA levels could predict response to PSMA-targeted RTL: 
177Lu-PSMA-617 RLT [14, 15, 17]. Derlin et al. found that 
neither CgA nor NSE levels predicted treatment failure nor 
early disease progression in 50 men undergoing PSMA-
targeted RTL [14]. Similarly, Yordanova et al. found no sig-
nificant correlation between baseline CgA levels and OS in 
137 men treated with PSMA-target RTL [15]. Although not 
significant, men with normal baseline CgA (limit of 100 ng/
mL) survived for 72 weeks compared to 60 weeks in those 
with elevated CgA levels. Furthermore, in the men with 
elevated CgA levels at baseline (n = 69), those with stable 
CgA levels after treatment survived for 93 weeks, those with 
decreased CgA levels for 61 weeks, and those with increased 
CgA levels for 30.3 weeks. Finally, Rathke et al. reported 
that progressive disease was significantly associated with 
elevated CgA levels prior to RTL [17]. Interestingly, men 
with elevated CgA levels at baseline had a significantly 
increased risk of liver metastasis.

CgA levels as a guide to treatment sequencing 
in mCRPC

Due to heterogeneity of mCRPC, with a variety of AR-tar-
geted and non-AR-target treatment options, CgA levels may 
be useful for guiding the sequencing of treatments. A recent 

study assessed whether CgA and NSE levels could be used 
to guide treatment sequencing of abiraterone acetate and 
combined docetaxel-prednisone in mCRPC [16]. Men with 
elevated levels of either CgA or NSE survived significantly 
longer when docetaxel-prednisone was administered before 
abiraterone acetate. Men without elevated biomarkers had 
similar survival outcomes with the sequences. Thus, chemo-
therapy may be a better option in mCRPC patients with high 
CgA levels and NSE levels at baseline or with increasing 
levels during the first 3 months of abiraterone treatment [24]. 
Our suggested CgA assessments and implications for treat-
ment are shown in Fig. 2.

One important limitation to highlight is that the man-
agement landscape of advanced prostate cancer patients 
has completely changed during the last decade. Thus, the 
selected regimen in included studies could not reflect the 
current standard of care and could impact on proposed fol-
low-up flow chart.

Conclusion

CgA appears as a valuable biomarker in PC, particularly in 
CRPC, to detect neuroendocrine differentiated tumours or 
subpopulations. Furthermore, CgA may be useful to guide 
treatment sequencing in men with mCRPC. Thus, CgA 
may be useful prior to the first-line treatment of men with 
mCRPC and then regularly to identify early treatment resist-
ance and initiate therapeutic line changes. There is a current 
paucity of data concerning the use of CgA. The systematic 
inclusion of CgA assessments in clinical studies would pro-
vide valuable and much needed data concerning the role of 
CgA as a biomarker in PC.

Fig. 2   Suggested CgA monitor-
ing during the therapeutic man-
agement of men with mCRPC
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