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Abstract

Objective: Elevated serum CGA is associated with intrinsic or treatment-related neuroendocrine
differentiation (NED) in men with mCRPC. Fluctuations in serum CGA during treatment of
mMCRPC have had conflicting results. We analyzed the impact of (i) rising serum CGA and (ii)
baseline CGA/PSA ratio during treatment to identify associations with AA therapy.

Methods: Between June 2013 and August 2015, 92 men with mCRPC were enrolled in a
prospective trial with uniform serum CGA processing performed before initiating abiraterone
acetate/prednisone (AA/P) and serially after 12 weeks of AA/P treatments. Serum CGA was
measured using a homogenous automated immunofluorescent assay. Patients receiving proton
pump inhibitors or with abnormal renal function were excluded due to possible false elevations
of serum CGA (n=21 excluded), therefore 71 patients were analyzed. All patients underwent a
composite response assessment at 12-weeks. Kaplan Meier estimates and Cox Regression models
were used to calculate the association with time-to-treatment failure analyses and overall survival.

Results: An increase in chromogranin was associated with a lower risk of treatment failure (HR:
0.52, p=0.0181). The median CGA/PSA ratio was 7.8 (2.6 -16.0) and an elevated pretreatment
CGA/PSA ratio above the median was associated with a lower risk of treatment failure (HR:
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0.54 p value=0.0185). An increase in CGA was not found to be associated with OS (HR: 0.71,
95% CI: 0.42-1.21, p = 0.207). An elevated baseline CGA/PSA ratio was not associated with OS
(HR: 0.62, 95% CI: 0.37-1.03, p = 0.062). An increase in PSA after 12 weeks of treatment was
associated with an increased risk of treatment failure (HR: 4.14, CI: 2.21-7.73, p = < 0.0001) and
worse OS (HR: 2.93, Cl: 1.57-4.45, p = < 0.0001).

Conclusions: We show that an increasing chromogranin on AA/P and an elevated baseline
CGA/PSA in patients with mCRPC were associated with a favorable response to AA/P with no
changes in survival. There may be limited clinical utility in serum CGA testing to evaluate for
lethal NED as AA/P did not induce lethal NED in this cohort. This highlights that not all patients
with an increasing CGA have a worse OS.
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Introduction

Androgen deprivation therapy (ADT) is the cornerstone treatment for men diagnosed

with metastatic prostate cancer. After prolonged suppression of androgen receptor (AR)
signaling during ADT, prostate cancer cells inevitably develop resistance to ADT and
metastatic castrate-resistant prostate cancer (MCRPC) emerges. In mCRPC, neuroendocrine
differentiation (NED) is a major factor associated with resistance to ADTL. Preclinical
studies demonstrate that under the selective pressure of androgen targeted therapies,
transdifferentiation into neuroendocrine prostate cancer (NEPC) occurs 2-4. Proposed
mechanisms for transdifferentiation into NEPC involve overexpression of Aurora kinase

A (AURKA ) and MYCN, downregulation of RE1-silencing transcription factor (REST),
and loss of RB.

Chromogranin-A (CGA), a 49 kDa protein produced in neuroendocrine cells, is a potential
blood biomarker of NED. Neuroendocrine cells do not typically secrete PSA® and the
balance between PSA and CGA may be a surrogate for treatment emergent NEPC, therefore
the ratio of CGA/PSA can be a useful novel biomarker for predicting neuroendocrine
differentiation. Multiple studies identified that elevated CGA was associated adversely with
progression free survival and overall survival 14, Fluctuations in serum CGA during
mCRPC therapy are less well known with conflicting results 12:15-17,

The association of serial chromogranin with treatment failure has not been previously
evaluated. Using a prospective cohort, we demonstrated that elevated baseline serum CGA
was negatively associated with OS in men with mCRPC’. Here we analyzed the impact

of (i) rising serum CGA and (ii) baseline CGA/PSA ratio during treatment to identify
associations with AA/P therapy.

Prostate. Author manuscript; available in PMC 2024 November 05.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Lewis et al. Page 3

Materials and Methods

Patient selection:

In a multi-site prospective clinical and biospecimen collection study, 92 men with mCRPC
were enrolled between June 2013 and August 2015 (NCT#01953640). Patients received only
ADT as systemic therapy before enrollment. Eligibility criteria included men who had a
histologic diagnosis of metastatic adenocarcinoma of the prostate and progressed on ADT
[defined as at least a 20% increase in the sum of the longest diameters of measurable

lesions, the appearance of new measurable lesions in lymph nodes (=2.0 cm), viscera or soft
tissue (=1.0 cm), appearance of 2 or more new lesions on bone scan while on ADT, two
consecutive increases in PSA levels documented over a previous reference value obtained at
least one week apart]. Only men with sub-castrate levels of total testosterone (defined as <50
ng/dl) were included. Patients with high volume disease were defined as visceral metastases
or greater than 4 bony metastases, 1 outside the axial skeleton.

Blood samples were collected for serum PSA and CGA after written informed consent was
provided. After the first samples were collected, all patients were started on abiraterone
acetate and prednisone (AA/P) and after 12 weeks of treatment with AA/P, a second set of
blood samples was collected. Patients who received PPIs or with impaired renal and hepatic
function were excluded, as artificial elevations in chromogranin-A levels have been reported
previously with these conditions?.

Specimen methods:

After consent was obtained from the cohort, 6.0 mL blood was collected in BD SST™
vacutainers and centrifuged at 3000 r.p.m. for 10 min to generate serum. The serum was
then separated into multiple aliquots and stored at —80°C. To maintain serum CGA stability,
a protease inhibitor cocktail (10 mL PBS (Invitrogen No. 14190300);1 tablet complete of
mini, EDTA-free protease inhibitor (Roche No. 11 836 170 001); Sodium Vanadate Na3VvO4
and PMSF (Sigma No. P7626-5G)) was added after initial centrifugation dissolved in 5
uL/mL Na3VO4 with10 uL/mL PMSF and 10 mL PBS. This was then added to tick solution
preparation of which 50 pL was added to each serum specimen for all assays.

Assay methods:

Serum chromogranin A (CGA) was measured in a homogeneous automated
immunofluorescent assay. This assay is based on a variant of Forster resonance energy
transfer called time-resolved amplified cryptate emission (TRACE). The TRACE assay used
a chromogranin reference range of < 93 ng/mL. CGA was sandwiched between the 2
antibodies labeled with europium cryptate (TRACE donor) and Alexa Fluor 647 (TRACE
acceptor), bringing them into proximity. The antigen-antibody complex was excited with

a nitrogen laser at 337 nm, with some fluorescent energy emitted at 620 nm and the rest
emitted as fluorescence at 647 nm. A ratio of the energy emitted at 647 nm to that emitted
at 620 nm is calculated for each sample. Signal intensity is proportional to the number of
antigen-antibody complexes formed, and therefore to antigen concentration.
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The serum PSA assay used a sandwich electrochemiluminescence immunoassay that
employed a biotinylated monoclonal PSA-specific antibody and a monoclonal PSA-specific
antibody labeled with ruthenium, forming a sandwich complex. Streptavidin-coated
microparticles were added and the mixture was aspirated into the measuring cell where

the microparticles are magnetically captured onto the surface of the electrode and the
unbound substances were removed with ProCell. The application of voltage to the electrode
induced the chemiluminescent emission, which was measured against a calibration curve to
determine the amount of PSA in the specimens. The reference range for PSA in this assay
was < 7.2 ng/mL.

Statistical methods:

Results:

A change in CGA was defined as an absolute increase or decrease from the baseline

CGA value. The median CGA/PSA was used as a cutpoint to evaluate for a change in the
CGA/PSA ratio. The predetermined primary endpoints of this analysis were the association
of serial serum chromogranin and CGA/PSA ratio with treatment failure (TTF), defined as
the time from treatment initiation to AA/P discontinuation for any reason, and the coprimary
endpoint was OS defined as the time from study enrolment to death or last follow-up. Cox
proportional hazard regression analysis was performed on clinical parameters, change in
CGA and CGA/PSA ratio for associations with OS and TTF. Kaplan—Meier method was
used to compare an increase in CGA versus no increase in CGA to estimate the OS and TTF,
with 95% confidence intervals using BlueSky Statistics (Chicago, IL, USA).

Patient characteristics

92 men were enrolled with CRPC, with 21 excluded due to PPI use or GFR <30. The
median age was 71 years, and 35 (49%) patients had a Gleason score >=8. High volume
disease was found in 39 patients. The median pretreatment CGA and PSA were 83 ng/ml
(interquartile range (1Q): 53 — 127ng/ml) and 14.4 ng/ml (1Q: 6.4 — 40.2 ng/ml) respectively
(Table 1). In univariate analysis, age, Gleason score, and volume of metastatic disease had
no associations with OS.

Changes in Chromogranin A and PSA levels during treatment

In the subset of 67 men with an evaluable post-treatment CGA, the median CGA after 12
weeks of AA/P rose by 15 ng/mL to 98.0 ng/mL (58.0 -148.0 ng/mL). We observed a CGA
rise in 41/67 (61.2%) patients (Figure 1). In this cohort, the median PSA after 12 weeks
AA/P decreased by 8.35ng/mL to 6.15ng/mL (0.89 — 24.66ng/mL) and we observed a PSA
rise in 16/70 (22.9%) patients (Figure 1). There was no demonstrated correlation between
serum CGA levels and PSA (pearson= 0.642). The median baseline CGA/PSA ratio was 7.8.
Thirty-five patients had a baseline CGA/PSA ratio >7.8 and of the 67 patients who had an
available post treatment CGA and PSA, 50 (74.6%) had an increase in the CGA/PSA ratio.

Serial chromogranin measurement and association with time to treatment failure

The median TTF was 10 months (1Q: 8 — 14 months) with 58/67 (87%) patients
discontinuing treatment. The most common cause of treatment discontinuation was disease
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progression 55/67 (82%). A rise in CGA after 12 weeks of AA/P was associated with a
lowerrisk of TTF (n=67; HR: 0.52, 95% CI: 0.30-0.89, p = 0.018). An elevated baseline
CGA/PSA ratio was also associated with a fowerrisk of treatment failure (HR: 0.51, 95%
Cl: 0.30-0.86, p = 0.011) (Figure 2). An increase in PSA was associated with an /ncreased
risk of treatment failure (HR: 4.14, Cl: 2.21-7.73, p = < 0.0001) (Table 2).

Serial chromogranin measurement and association with overall survival

At a median follow-up of 6.4 years, 36/71 (51%) patients had died. An increase in post-
treatment CGA was not found to be associated with OS (n=67; HR: 0.71, 95% CI: 0.42—
1.21, p = 0.207). An elevated baseline CGA/PSA ratio was also not associated with OS (HR:
0.62, 95% CI: 0.37-1.03, p = 0.062). An increase in PSA was associated with a worse OS
(HR: 2.93, CI: 1.57-4.45, p = < 0.0001) (Table 3).

Discussion

Treatment emergent neuroendocrine differentiation in the setting of mCRPC is associated
with a poor prognosis 1. A decrease in AR regulated protein expression and an increase in
neural and neuroendocrine pathways is one mechanism of resistance 4. Based on previous
clinical studies, it is thought that neuroendocrine serum marker levels may fluctuate during
therapy and could therefore predict acquired resistance to novel therapies due to NED
4121415 | addition, elevation of serum CGA has shown concordant results with detection
of NED in tumor tissuel920 As CGA is produced in neuroendocrine cells, we hypothesized
that a rising CGA may indicate early treatment emergent neuroendocrine transdifferentiation
and is associated with poorer response to AA/P.

Our results indicate the inverse relationship. We demonstrate that rising CGA levels

after 12 weeks of treatment with AA/P was associated with a /owerrisk of treatment
failure. Interestingly a CGA/PSA ratio above the median was also associated with a /ower
risk of treatment failure. We believe that this decreased risk of treatment failure and

rise in chromogranin is due to AA/P exerting selective pressure on tumor cells towards
neuroendocrine differentiation while treating the predominant androgen-sensitive cells. This
is due to the biological heterogeneity in the treatment of prostate adenocarcinoma, as
characteristic molecular alterations seen in NEPC such as induction of neuroendocrine and
neural programs and loss of androgen-regulated protein expression can also be seen in
AR-driven CRPC*. It is also important to note that neuroendocrine differentiation is only
one of the possible mechanisms of resistance to AA/P with AR splice variants, CYP17A1l
upregulation, alternative ligand synthesis, or DNA repair alterations being other possible
causes?1:22,

We subsequently evaluated the change in chromogranin on OS in this cohort. Our data
shows that an increase in chromogranin early into AA/P was not associated with a
difference in OS. This was also seen when we evaluated the baseline CGA/PSA ratio.
These findings are in contrast to 3 previous studies that showed increased serum CGA or
in combination with NSE were associated with adverse PFS or 05121415 However, the
clinical heterogeneity between these studies makes comparison difficult. Fan et al used a
LDN ELISA Kit for serum CGA, several patients were pre-treated with docetaxel and their
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Kaplan Myer estimates showed prolonged survival in patients with increasing CGA, with
the opposite seen in univariate and multivariate analysis. Szarvas et al used KRYPTOR
assay similar to this study, however patients were pre-treated with various agents before
starting enzalutamide (ENZ)/AA/P. We attempted to validate their findings which showed
a decreased OS with a 20% increase and a 50% increase in CGA, but we could not detect
any correlations between these marker level changes and OS (Supplementary figure 3).
Dong et al reported an adverse PSA-PFS and radiographic PFS with increasing CGA after
6 months of treatment with AA/P, however AA/P and the duration of AA/P treatment were
not independent factors influencing the expression of NED. This again highlights that the
influence of AA/P on NED of different patients might be diverse, as there was no significant
difference of NED markers at baseline and after the failure of AA/P treatment in their
study12. This data was also consistent with Von Harengberg et al who found the treatment
of AA/P and the duration of AA/P treatment in 16 chemotherapy naive patients with CRPC
were not independent factors influencing the expression of NED’.

Our clinical findings likely reflect the biological plasticity of mMCRPC and neuroendocrine
differentiation as a resistance mechanism. Although most patients had an increase in CGA,
an increase in PSA after 12 weeks of AA/P was associated with a worse OS. This increase in
CGA during treatment with AA/P was also demonstrated by Fan et al in which 52.5%

of patients had an increase in serum CGA after 3 months of treatment with AA/P13,
However, in this study an increase in CGA trended to a worse OS. The neuroendocrine

or neuroendocrine-like tumor cells in prostate adenocarcinoma can sometimes have a gain
or loss in expression of neuroendocrine markers with even reappearance of epithelial
morphology owing to the diverse nature of these cells under androgen deprivation23-

25 Neuroendocrine tumor cell heterogeneity in prostate cancer was also highlighted by
Grobholz et al in which neuroendocrine cell growth patterns and clusters determined
prostate cancer cell proliferation and PSA relapse-free survival 28,

This study has several strengths compared to previously published literature. This was the
first independent cohort to evaluate serial chromogranin measurement and its clinical effect
on treatment failure. This was done following the REMARK criteria for biomarker studies
27 In addition, compared to previous reports we also excluded patients on PPI therapy

and with low GFR. This study does have limitations, mainly the small sample size of the
prospective cohort which can affect the OS results. We also acknowledge that 12 weeks may
not capture all patients with NED as NEPC can develop over an extended period of time.
The next phase of this study will be to validate these findings in a larger prospective cohort.

Conclusion

Increasing serum CGA and an elevated CGA/PSA ratio are associated with a favourable
response to AA/P with no difference in overall survival, however an increase in PSA after
12 weeks of AA/P is associated with an adverse OS. Based on our findings, there is limited
clinical utility to pursue serum CGA testing to evaluate for lethal NED, as AA/P did not
induce lethal NED in this cohort. This demonstrates that not all patients with increasing
serum CGA have a worse OS. Further studies in large prospective cohorts with histological
evaluation are needed to assess if rising serum CGA during therapy reflects neuroendocrine
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differentiation and may indicate a sign of treatment effect targeting the androgen susceptible
cells.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1:

Parallel plots representation of CGA and PSA before and after 12 weeks of treatment with
AA/P. (Red line: increase in CGA or PSA, Green line: decrease in CGA or PSA).
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Kaplan—Meier curves demonstrating (A) change in CGA, (B) baseline CGA/PSA ratio
above or below the median, and (C) change in PSA and association with TTF.
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Clinical and laboratory characteristics of the patient cohort
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Overall

Overall (N=71)

Age
Median (IQ range)

72.0 (65.5, 78.0)

Baseline CGA
Median (1Q range)

83.0 (53.0, 127.0)

CGA at 12 weeks post AA/P
N-Miss
Median (IQ range)

4
98.0 (58.0, 148.0)

Change in CGA

Median (1Q range)

N-Miss 4

Decrease 26/67 (38.8%)

Increase 41/67 (61.2%)
Baseline PSA

14.45 (6.35, 40.18)

PSA at 12 weeks post AA/P
N-Miss
Median (1Q range)
Change in PSA
N-Miss
Decrease

Increase

1
6.15 (0.89, 24.66)

1
54/70 (77.1%)
16/70 (22.9%)

Baseline CGA/PSA above or below the mean

Prostate. Author manuscript; available in PMC 2024 November 05.

Below 35/71 (49.3%)
Above 36/71 (50.7%)
Volume of metastatic disease at enrollment
Low 32/71 (45.1%)
High 39/71 (54.9%)
Gleason score 28 vs < 8
<8 36/71 (50.7%)
>8 35/71 (49.3%)
Second line treatment
N-Miss 15

Docetaxel 26/56 (46.4%)
Enzalutamide 22/56 (39.3%)

Radium- 223 3/56 (5.4%)




1duosnuepy Joyiny 1duosnue Joyiny 1duosnuepy Joyiny

1duosnuey Joyiny

Lewis et al.

Overall

| Overall (N=71)

Other

| 5/56 (8.9%)
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Table 2:
Cox regression univariate analysis for associations of clinical and laboratory parameters with time to treatment
failure
Cohort Term HR Pvalue | Cllower | CI upper
Age 101 055 0.98 1.04
Increase in CGA 052 | 0.0181 03 0.89
Increase in PSA 4.14 | <0.0001 221 7.73
Study Cohort
Baseline GA/PSA ratio >7.8 0.51 0.011 0.3 0.86
High volume of metastatic disease 11 0.710 0.67 1.79
Gleason score = 8 1.28 0.332 0.78 2.09
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Table 3:

Page 14

Cox regression univariate analysis for associations of clinical and laboratory parameters with overall survival

Cohort Term HR | Pvalue | CI lower | CI upper
Age 1.03 0.064 1 1.07
Increase in CGA 0.71 0.208 0.42 1.21
Increase in PSA 2.93 0.001 157 5.45
Study Cohort
Baseline GA/PSA ratio >7.8 0.61 0.065 0.37 1.03
High volume of metastatic disease | 1.28 0.346 0.61 1.68
Gleason score = 8 1.03 0.064 1 1.07
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