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Abstract

Objective—To determine the prognostic value of serum chromogranin-A (CGA) in a two-cohort
study of men with metastatic castrate resistant prostate cancer (nCRPC) and to compare with
circulating tumor cells (CTCs) based prognosis.

Patients and methods—A two cohort based evaluation for serum CGA for prognostication in
CRPC stage was performed using a screening cohort of 256 men with mCRPC and an independent
validation cohort of 92 men with mCRPC. In both cohorts, men receiving proton pump inhibitors
and those with non-castrate levels of testosterone (>50 ng/dl) were excluded. Serum CGA was
measured in a homogeneous automated immunofluorescent assay using time-resolved amplified
cryptate emission. In the validation cohort, CTC enumeration was also performed using the FDA
cleared CELLSEARCH®CTC test. Cox proportional hazard regression models were used for
prognostic association of serum CGA and CTC counts with overall survival.

Results—In the screening cohort 200 men were eligible for analysis. The median serum CGA
was 100.3 ng/mL (interquartile range 67-161.3) and 34/200 were above the reference range. In the
subset of men with Gleason scores = 8, elevated CGA was associated with shorter overall survival
[hazard ratio (HR) 2.19, p = 0.017]. In the validation cohort for 71 men eligible for analysis the
median serum CGA was 90 ng/mL (interquartile range 55-156) and 31/71 patients had an elevated
CGA. 51% of patients had a Gleason score =8 and 66/71 patients had CTCs enumerated with
26/66 with a CTC count = 5 per 7.5ml blood sample (unfavorable). Both elevated serum CGA (HR
1.91, p = 0.043) and unfavorable CTC counts (HR 2.97, p = 0.0012) were adversely associated
with overall survival and patients with =5 CTCs and elevated serum CGA had the shortest overall
survival (HR 3.76, p = 0.008).
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Conclusion—Elevated serum CGA was negatively associated with OS in men with mCRPC.
Serum CGA represents a prognostic biomarker that may complement CTC enumeration.

Keywords

Castrate resistant prostate cancer; serum chromogranin-A, circulating tumor cells; prognostic
biomarker

Introduction

Androgen deprivation therapy is a widely used treatment in hormone sensitive prostate
cancer stage and is effective for variable time periods. Disease progression after androgen
deprivation inevitably develops resulting in castration resistant prostate cancer (CRPC). A
subset of advanced prostate cancer tumors are non-androgen axis signaling dependent and
harbor neuroendocrine features (including small-cell or large-cell subtypes) and are termed
treatment-related neuroendocrine prostate cancer NEPC (tNEPC) (1). Exposure to androgen
deprivation enriches neuroendocrine differentiation and a wide incidence of this has been
reported, ranging from 3% to 71% in CRPC biopsy specimens (2—4). The selective pressure
during androgen deprivation therapy may induce focal neuroendocrine differentiation of
prostatic adenocarcinoma. tNEPC has also been associated with a more aggressive clinical
course, lower response to conventional therapies for advanced prostate cancer and shorter
overall survival (5). Since tNEPC is typically non-secretory for PSA, a circulatory biomarker
associated with tNEPC would be advantageous in clinical practice.

Chromogranin-A (CGA), a 49 kDa protein produced in the neuroendocrine system, is a
widely used marker for neuroendocrine tumors, making it an attractive potential biomarker
for monitoring the course of tNEPC (6). Neuroendocrine cells in the prostate are suspected
to regulate growth through autocrine and paracrine signaling and lack androgen receptor
expression (7, 8). Serum CGA correlates with number of CGA-positive neuroendocrine cells
present in prostatic tumor tissue (9). Small retrospective studies have shown increased serum
levels of CGA in nearly 45% of CRPC patients, with conflicting results in terms of its
prognostic value (10-12). However, these studies were limited by the use of different
thresholds of CGA, lack of validation cohorts, and inclusion of patients on proton pump
inhibitors (PPIs), which are known to elevate serum CGA levels (13), making it difficult to
accurately interpret its prognostic or predictive value.

CTCs are a validated prognostic biomarker and the CELLSEARCH® test is the only FDA-
cleared test for prognostication in CRPC (14). Here we present the results of a two-cohort
study retrospectively analyzing a prospective sample collection to determine the prognostic
value of serum CGA in CRPC stage patients and comparing the prognostic value of serum
CGA to circulating tumor cells (CTCs).

Subjects and methods

Patient selection

Screening cohort (SC)—At a single institution between May 2002 and April 2009,
blood samples were obtained from men who were failing androgen deprivation therapy for
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metastatic hormone sensitive prostate cancer (at time of diagnosis of mCRPC). Enrollment
of the patient population was performed on an IRB-approved study and after obtaining
written consent. Definition of failure of androgen deprivation for metastatic prostate cancer
and progression to castrate resistance stage was defined as development of new metastatic
lesions on imaging or biochemical progression (two serially rising PSAs at least one week
apart) during continuous androgen deprivation.

Validation cohort (VC)—Between June 2013 and August 2015, 92 men with mCRPC
were enrolled in a multi-site prospective clinical and biospecimen collection study
(NCT#01953640). Eligible men had histological diagnosis of metastatic prostatic
adenocarcinoma, progression on ADT [defined as 20% increase in sum of longest diameters
of measurable lesions, appearance of new measurable lesions in lymph nodes (= 2.0 cm),
viscera or soft tissue (= 1.0 cm), two or more new lesions on bone scan, or two consecutive
increases in PSA levels, taken at least one week apart and = 2.0 ng/mL]. After providing
written informed consent, blood samples were collected for serum CGA and circulating
tumor cell (CTC) enumeration. All patients started abiraterone acetate and prednisone
(AA/P) after the first sample collection was performed and underwent a second blood
sample collection after 12 weeks of treatment with AA/P.

In both cohorts, only men with sub-castrate levels of total testosterone (as defined by < 50
ng/dl) were included. All CRPC patients receiving PPIs or with impaired renal and hepatic
function were excluded from both cohorts, as artefactual elevations in chromogranin-A
levels have been reported with these conditions previously (13).

Specimen Methods

Blood obtained from patients was processed for serum generation after collection in BD
SST™ 6.0 mL vacutainers. All specimens underwent centrifugation at 3,000 rpm for 10
minutes to generate serum. For the validation cohort, after consent, blood obtained from
patients was processed for serum generation after collection in BD SST™ 6.0 mL
vacutainers. All specimens underwent centrifugation at 3,000 rpm for 10 minutes to generate
serum fractioned into multiple aliquots and labeled with coded identifiers and stored at
—-80°C. This was performed within 30 to 45 minutes of sample collection from patients.
After the initial centrifugation a protease inhibitor cocktail was added, the ingredients of
which included 10 mL PBS (Invitrogen No. 14190300);1 tablet complete of mini, EDTA-
free protease inhibitor (Roche No. 11 836 170 001); Sodium Vanadate Na3VO4 and PMSF
(Sigma No. P7626-5G). One tablet of the protease inhibitor was completely dissolved in 10
mL PBS and 5 pL/mL Na3VO4 with10 pL/mL PMSF and was added for stock solution
preparation (with 100 mM of PMSF) of which 50 pL was added to each serum specimen for
all assays which were performed without undergoing freeze-thaw cycles

Assay Methods

Serum Chromogranin-A (CGA) was measured in a homogeneous automated
immunofluorescent assay using time-resolved amplified cryptate emission (TRACE). CGA
was sandwiched between a mouse monoclonal antibody against CGA (labeled with
europium cryptate - TRACE donor) and a second mouse monoclonal antibody against CGA
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(labeled with XL665-TRACE acceptor), bringing the two antibodies into close proximity. A
nitrogen laser at 337 nm was used to excite the antigen-antibody complex, resulting in a
fluorescent energy emission at 620 nm (internal reference) and energy transferred by
nonradiative dipole-dipole coupling to XL665, resulting in energy emission at 665 nm. The
ratio of energy emitted at 665 nm to that emitted at 620 nm is calculated for each sample and
the signal intensity is proportional to the number of antigen-antibody complexes formed, and
therefore to CGA concentration.

Prior to 2012 (for all samples collected in the screening cohort), the TRACE
immunochemiluminometric assay was performed on an internal instrument with a
chromogranin reference range < 225 ng/mL. On September 20, 2012, Mayo Medical
Laboratories started performing TRACE assays on the KRYPTOR Compact instrument
(ThemoFisher Scientific, Waltham MA) with a new chromogranin reference range < 93
ng/mL. All samples collected in the VC were analyzed on this instrument. To minimize any
effect from the different testing instruments and enable comparison between our screening
and validation cohorts, CGA levels were considered elevated if values were above the upper
limit of normal as determined for each respective testing time period.

CTC enumeration—Whole blood was collected in CellSearch® Circulating Tumor Cell
Kits (Menarini Silicon Biosystems, San Diego, CA) per the manufacturer’s instructions and
circulating tumor cell (CTC) enumeration was performed using the FDA cleared
CellSearch® CTC test as previously described (14).

Statistical Methods

CGA levels were considered elevated if values were above the upper limit of normal (< 93
ng/mL) as determined for each respective testing time period. The primary endpoint of this
analysis was association of serum CGA levels with overall survival (OS), defined as time
from study enrollment to death or last follow up. Cox proportional hazard regression
analysis was performed on clinical parameters, pretreatment CGA and CTC counts for
associations with overall survival (OS). Only factors significant in univariate analysis were
included in multivariate analysis. Kaplan-Meier method was used to estimate the OS, with
95% confidence intervals using JMP-10 (SAS institute, Cary, NC). Receiver operator curves
(ROC) for elevated CGA (> upper limit of normal) and unfavorable CTCs (>= 5 cells)
evaluated the area under the curve (AUC) for predicting survival at 33 months. For the ROC
analyses, AUCs for both markers were determined and compared alone and in various
combinations. Area-proportional Venn diagrams were generated using the online web
application BioVenn (15).

Results

Evaluation of chromogranin-A as a prognostic biomarker in the screening cohort

In the screening cohort of 256 men with metastatic prostate cancer, 35 were excluded for
non-castrate testosterone levels =50 ng/dl (1.7 nmol/L) and an additional 21 men were
excluded for use of a PPI at time of blood collection. Of the remaining 200 men with CRPC,
the median age was 72 years, 81 (40.5%) had a Gleason score (GS) = 8, and the median PSA
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was 17.7 ng/mL (Table 1). The median time from ADT to CRPC was 3.23 years (range 0.39
to 21.7 years). At median follow up 2.2 years, 156 (78%) were deceased. The median serum
CGA was 100.3 ng/mL (interquartile range 67-161.3), the mean was 184.8 ng/mL (standard
deviation 396), and 34/200 (17%) had an elevated CGA (above reference range of 225 ng/
mL). Across the entire cohort, an abnormally elevated CGA had no statistically significant
associations with overall survival [Hazard ratio (HR) 1.35, 95% Confidence Interval
(95%CI) 0.89-1.97).

However, as higher Gleason scores have been associated with an increased degree of
neuroendocrine differentiation(16), we evaluated serum CGA in the subset of men with
higher Gleason scores. In the subset of 81 men with a Gleason score of > 8, an elevated
chromogranin was associated with a shorter OS [HR 2.19, 95%Cl: 1.16-3.85, p = 0.02). In
the multivariate analysis, CGA remained associated with overall survival for men with GS =
8 (p = 0.02) after adjusting for PSA, Gleason score, time from diagnosis to study treatment
and radiographic evidence of recurrent prostate cancer.

Validation of serum chromogranin-A as a prognostic biomarker

In the validation cohort, of the 92 men enrolled with CRPC, 21 were excluded for PPI use.
The median age was 71 years, 36 (50.7%) had a Gleason score = 8, and the median PSA was
11.8 ng/dl (Table 1). The median time from initiation of ADT to development of castration
resistance was 2.8 years (range 0.29 — 18.22). After a median follow up of 1.82 years, 31
(43.7%) were deceased. The median CGA was 90 ng/mL (1Q range 55-156), the mean was
174.7 ng/mL (standard deviation 280.2), and 31 (44%) had a CGA above the reference range
(>93 ng/mL).

Including all 71 patients, elevated serum CGA levels were associated with shorter OS (HR
1.91, 95%CI 1.02 — 3.67, p 0.043, Table 2). In the sub-cohort of 36 patients with high
Gleason scores, the median OS in men with an elevated serum CGA was 6.9 months shorter
compared to men with a normal serum CGA (12.0 months vs 18.9, log-rank p = 0.043). In
univariate analysis, age, Gleason score, volume of metastatic disease had no associations
with OS.

CTC enumeration was available for 66/71 (93%) men and were unfavorable (= 5) in 26
(39%). In 14/71 men (20%), no circulating tumor cells were identified. In all 71 patients,
unfavorable CTC counts were associated with a poorer OS (HR 2.97, 95%Cl 1.55-2.81, p
0.0012, Table 2). In the subset of 36 men with GS =8, CTCs were evaluated in 33/36 (92%)
and were unfavorable in 14/33 (42.4%), and no circulating tumor cells were detected in 8/33
(24.2%). In men with GS = 8, unfavorable CTC counts were adversely associated with OS
(HR 3.96, 95%CI 1.5 -11.7, p 0.0059).

Comparing the prognostic value of circulating tumor cells to and serum chromogranin-A in
the validation cohort
We subsequently analyzed the validation cohort to determine the frequency of abnormal
CGA elevation and/or unfavorable CTCs in the entire cohort (Figure 1A), and the subset
with GS = 8 (Figure 1B). Of the 71 patients in the validation cohort, 17 patients had elevated
CGA only, 12 had unfavorable CTCs only, and 14 patients had both an elevated CGA and
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unfavorable CTCs. In multivariate analysis in the entire VC, after correcting for CTCs, an
elevated serum CGA no longer remained statistically significant (HR 1.88, 95%CI 0.97 —
3.78, p = 0.061). In the subset of patients with GS = 8, 6 patients had elevated serum CGA
only, an additional 6 had unfavorable CTC counts only, and 8 had both an elevated serum
CGA and unfavorable CTC enumeration. In the high Gleason group, after adjusting for
CTCs, elevation of serum CGA was not statistically significant (HR 2.24, 95%CI 0.82 —
6.71, p = 0.11).

In the Kaplan-Meier overall survival analysis, patients with both an elevated serum CGA and
unfavorable CTC enumeration had a median OS of 1.4 years (95%CI 1.1-2.1) (Figure 1C).
This was significantly shorter than patients with only one elevated marker [median OS 2.2
years (95%CI 1.5-not reached)], and patients with no elevation in either serum CGA or CTC
(median OS not reached, 95%CI 1.9 — not reached). Similar observations were observed in
the subset of patients with GS = 8 (Figure 1D).

Finally, we calculated the area under the curve (AUC) in a prognostic model of the high
Gleason group using CTC enumeration only, serum CGA only, or CTC + serum CGA. In the
high GS group, both CTCs and serum CGA had the same AUC of 0.72 (Figure 2A). A
prognostic model including either elevation in CTC or CGA demonstrated an incremental
benefit over CTC count alone, though this was not statistically significant (0.81 vs 0.72, p =
0.36; Figure 2B).

Discussion

In this two cohort study, which included a prospective validation cohort in which CTCs were
being collected, we evaluated the prognostic value of serum CGA in men with CRPC and
compared it to CTC count which is an FDA-cleared prognostic biomarker in this stage. Our
results from the screening cohort identified an elevated serum CGA level was adversely
associated with overall survival, limited to the subset of men with CRPC with GS =8.
Prostatic adenocarcinomas with higher Gleason scores have a greater likelihood of
neuroendocrine differentiation (9, 17), providing rationale for our hypothesis that elevated
serum CGA might be a useful marker in this subset of patients based on correlation with
poor survival especially. We validated the prognostic value of serum CGA in men diagnosed
initially with GS =8 in an independent cohort of men with CRPC. Interestingly, in our
validation cohort serum CGA was associated with shorter survival across the entire cohort,
probably due to the higher relative proportion of patients with GS =8 in this cohort. On
multivariate analysis in the sub-cohort of patients with GS>8 after adjusting for CTCs,
serum CGA was no longer statistically significant, as an independent prognostic biomarker
in CRPC, but this observation is limited by a relatively small sample size.

We directly compared the prognostic value of CTCs to serum CGA in men with CRPC with
all samples collected at the same time. We found that CGA identifies an additional subset of
patients of higher risk CRPC in an additional subset of patients with favorable or even
undetected CTCs. The CellSearch® selection method is dependent on expression of the
epithelial cell adhesion molecule (EpCAM) or cytokeratins, however the CTC profile for
NEPC has lower cytokeratin expression, attributed to epithelial to mesenchymal transition
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(18). The cellular changes associated with tNEPC may result in circulating malignant cells
remaining undetected by CTC enumeration systems reliant on epithelial markers. Thus the
heterogeneity of prostate cancer may be better captured by assessing multiple
complementary biomarkers, including both CTCs and serum CGA. We compared the
prognostic value of CTC and CGA in the subset of men with high GS, with both biomarkers
having an identical AUC. The clinical value of CGA may be attributed to the biological
differences of NE cells and adenocarcinoma cells. NE cells are resistant to hormonal
deprivation and do not secrete prostate-specific antigen (PSA)(1). Several studies have
evaluated the prognostic value of serum CGA in men with CRPC, with conflicting results.
Serum CGA was reported both as adversely correlated with OS (12, 19-21) and having no
associations with OS (22, 23).

Compared to previous evaluations, our study has several strengths, including being the only
study with an independent validation cohort to validate a specific CGA assay. Additionally,
unlike several of the previous reports on CGA (12, 19, 23), we excluded patients taking
proton pump inhibitors to limit the influence of non-malignant CGA elevation. We also
followed the REMARK criteria for tumor prognostic biomarker studies (24). Limitations of
our study include a difference in the patient cohorts and the small sample size of our
prospective cohort. While our screening cohort was retrospective and did not have CTC
enumeration our validation cohort was prospectively obtained and retrospectively analyzed.
Another potential limitation could be on account of the instrument used in the screening
cohort to perform the TRACE immunochemiluminometric assay to quantify serum
chromogranin A levels, which was changed in 2012 from an internal instrument to the
Kryptor Compact instrument. We aimed to limit any influence by using the reference ranges
to determine chromogranin A elevation as these were extensively internally validated.

While our sample size was too small to identify a statistically significant improvement in

AUC using a model incorporating both CTC and CGA, we were able to further risk stratify
patients based on the elevation of one or more biomarker. Next steps will include evaluating
serum CGA as a prognostic biomarker in larger castration resistant prostate cancer cohorts.

Conclusions

Elevated serum CGA is adversely associated with overall survival in the subset of men with
CRPC and initially diagnosed with high Gleason scores. The prognostic value of serum
CGA is comparable to CTCs, and combining both biomarkers improves the ability to stratify
survival outcomes. Further evaluation of CGA as a marker for neuroendocrine differentiation
in earlier stages of disease and evaluating CGA as a predictive biomarker in men with high
Gleason tumors in multi-variable analysis is warranted.
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Figure 1.

Overlap of CTCs and serum CGA. Area proportional Venn diagrams describe elevation of
serum CGA (purple), unfavorable CTC (green), both elevated serum CGA and unfavorable
CTC (yellow), or neither elevated (blue) in the VC cohort (1A) and the subset with a
Gleason score = 8 (1B). Kaplan-Meier overall survival analysis grouped by elevated CGA
and/or unfavorable CTC (neither elevated, either one elevated, or both elevated) for the
entire cohort (1C) and the subset of men with GS = 8 (1D).
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Figure 2.

Receiver Operating Characteristic Curve (ROC) comparing circulating tumor cells (CTCs)
to serum chromogranin (CGA) in patients with high Gleason Score

2A: The ROC curves for CTCs = 5 (blue line) and serum CGA >93 ng/mL (red line) overlap
with an identical area under the curve (AUC) of 0.72

2B: A prognostic model including either CTCs =5 or serum CGA >93 ng/mL is compared
to CTCs = 5 demonstrated an incremental, non-statistically significant improvement
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Table 1

Patient demographics from screening and validation cohorts.

ScreeningCohort  ValidationCohort

# patients 200 71

Age (1Q range) 72 (65, 77) 73 (66, 78)
Median time (years) from initial diagnosis to CPRC (range) 6.3(0.2,25.2) 5.5(0.45, 23.7)
Median time (years) from start of ADT to CRPC (range) 3.2(0.4,21.7) 2.8(0.3-18.2)
Median duration (years) from CRPC to death or last follow up (range) 2.2 (0.1-9.6) 1.82(0.11, 3.50)
Deceased 156 31

Gleason score

Missing 18 0
<8 101 35
=8 81 36

Laboratory Data at time of CRPC

Median PSA (ng/ml) (1Q range) 17.7 (7.3, 64.8) 11.8 (5.4, 36)
Median CGA (ng/ml) (1Q range) 100 (67, 161) 90 (55-156)
Median testosterone (ng/dl) (1Q range) 45(15,9.1) 7 (6.9, 10)
CTC count

Median (range) 2 (0, 308)
25 (unfavorable) 26

<5 (favorable) 39
Missing 6

Volume of metastatic disease ™
High 40
Low 31

*
high volume= visceral metastases or 24 bone lesions with =1 outside vertebral bodies and pelvis
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