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Abstract

Advanced prostate cancer (aPC) in Black men was reported to present with aggressive features and to be associated with poor prognosis. Herein,
we compared the cell-free DNA (cfDNA) genomic landscape of aPC in Black vs White men. Patients (pts) with aPC from 6 academic institutions and
available cfDNA comprehensive genomic profiling (CGP) were included. Association between mutated genes and race was evaluated using Barnard's
test and a Probabilistic Graphical Model (PGM) machine learning approach. Analysis included 743 aPC pts (217 Black, 526 White) with available cfDNA
CGPThe frequency of alterations in the androgen receptor gene was significantly higher in Black vs White men (55.3% vs 35% respectively, P < .001).
Additionally, alterations in EGFR, MYC, FGFR1, and CTNNB1 were present at higher frequencies in Black men. PGM analysis and Barnard's test were
concordant. Findings from the largest cohort of Black men with aPC undergoing cfDNA CGP may guide further drug development in these men.
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According to the United States Surveillance, Epidemiology and
End Results Program (SEER), Black men have a higher incidence
of prostate cancer and mortality rates compared with those of
non-AA (175.8 vs 104.1 and 37.4 vs 17.9 per 100,000 individ-
uals) respectively.! Paradoxically, recent reports indicate that
Black men with advanced prostate cancer (aPC) may respond
better to systemic therapies and have better survival outcomes
compared with White men.>? We hypothesize that this discon-
nect between the disease presentation and response to therapy
may be explained by differences in the underlying tumor genom-
ic landscape as assessed by liquid biopsy.

Toward this end, a retrospective analysis of the compre-
hensive genomic profiles (CGP) of cell-free DNA (cfD-
NA) extracted from plasma using the Guardant360 test
(GuardantHealth) from patients with aPC managed at 6

academic institutions (Winship Cancer Institute of Emory
University, Barbara Ann Karmanos Cancer Institute, Medical
University of South Carolina, University of Alabama, Tulane
University School of Medicine; Huntsman Cancer Institute at
the University of Utah) is reported.

The first available cfDNA panel results were included in
this analysis and the pairwise association between mutated
genes and race was investigated by Barnard’s test and adjust-
ed by Benjamini-Hochberg’s False Discovery Rate (BH-FDR).
An independent Probabilistic Graphical Model (PGM) ma-
chine learning approach further explored the association be-
tween race and the landscape of altered genes.*

A total of 743 patients, 217 Black men (29%) and 526
(71%) White men with aPC who had undergone tumor ge-
nomic profiling by ¢fDNA CGP were available and were
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included in this study. Multiple genomic aberrations were en-
riched in Black patients (Table 1); these were also detected
by PGM (Fig. 1). Pathogenic genomic alterations were found
in 92% Black men and 83% of White men. Black men had a
greater median number of alterations (17 = 3) compared with
White men (7 =2). The genomic landscape by race is shown
in Supplementary Fig. S1. Targetable alterations of interest in-
cluded EGFR, PIK3CA, and FGFR1. A full list of genomic
alterations is available in the supplementary figure, with some
patients having more than one alteration per gene.

To our knowledge, this is the largest dataset of genomic pro-
filing of ¢fDNA in Black men with aPC reported to date. We
found a significantly higher frequency of AR gene alterations
in Black men compared to White men. In addition, alterations
in the EGFR and MYC genes, as well as WNT pathway genes
CTNNBI1 and APC, were present in greater frequency in Black
men. While these genomic alterations have been associated with
poorer clinical outcomes in Black men, they are targetable us-
ing novel agents as a monotherapy or in combination with AR-
targeting agents.’ The analysis of the available data by PGMs
complements traditional statistical testing of pairwise compar-
isons. In particular, the PGM indicates that an Black individual
has a 1.63-fold greater risk of having a pathogenic AR variant.
Moreover, this risk ratio is little influenced by conditional de-
pendencies between AR and other genes, suggesting that for
this dataset, AR is the primary genetic alteration differentiating
Black men from White men with prostate cancer.

Many of altered genes identified in this work have been
shown to be inter-related in metastatic prostate cancer. For
example, amplification of the oncogenic transcription factor
C-MYC is commonly observed in prostate cancer in tumors ex-
pressing high levels of AR and antagonizes the expression of the
AR transcriptional program.® Alterations in WNT pathway and
crosstalk with AR signaling have been reported in patients with
prostate cancer and are associated with progression to androgen
insensitive tumor growth and poor prognosis. Our PGM con-
firm this strong genomic co-dependence (Fig. 1).

In 2014, Dovey et al” summarized the key molecu-
lar-specific characteristics of prostate cancer oncogenesis
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in Black vs White males. They found that defective AR
signaling, telomerase shortening (elevated ¢c-MYC expres-
sion), epigenetic differences affecting signaling and epi-
thelial-mesenchymal transition pathways (such as PI3K
signaling pathway), and deficient WNT signaling pathway
mutations were key molecular characteristic in Black men.
Furthermore, Dovey et al highlight that a distinguishing
feature in the genomic landscapes between Black and
White men is the higher frequency of a pathogenically mu-
tated AR gene. Our results support this finding, albeit with
a significantly greater number of AR alterations in Black
men. However, previous work by our group and others has
found a higher frequency of AR alterations in patients with
mCRPC compared with patients with mCSPC.* Of note, a
report by Sivakumar et al suggested that Black men receive
CGP later in their treatment course and are less likely to
have access to the latest therapeutic options.® In fact, pre-
vious reports indicate that if Black men have equal access
to the standard-of-care treatments, their outcomes may be
similar or better to the outcomes of White men with pros-
tate cancer.> Overall, the major distinction between the 2
cohorts presented here is the overall prevalence of AR al-
terations, which are higher in Black patients. In this cohort,
the higher frequency of AR alterations in Black men could
reflect a higher proportion of heavily treated patients, as
also noted by Stopsack et al in their recent review of cancer
genomes by race.!”

The limitations of this project include the lack of clinical an-
notation such as the disease state, tumor volume, and treatment
exposure (including the use of AR axis therapies). We also re-
strict this analysis to DNA testing and we lack a serial assess-
ment of the genomic landscape changes, which would offer us
additional insights into the exposure to different treatments
during the course of the disease. Finally, the limited size of the
cohort, number of alterations, and limited number of genes on
the panel may have resulted in failure to detect weaker associa-
tions between genes, mutations, and race.

Future research that includes a multi-omics approach
and socioeconomic disparities may help elucidate how these

Table 1. Number of patients harboring a pathogenic alteration in the top 15 genes found in Black or White men based on BH-FDR.

Affected gene Black (N=217) White (N = 526) P-value BH-FDR
Patients Frequency Patients Frequency
AR 120 55.30 184 34.98 <.001 <0.001
EGFR 37 17.05 49 9.32 .003 0.070
MYC 32 14.75 48 9.13 .025 0.375
FGFR1 26 11.98 38 7.22 .036 0.375
CTNNB1 18 8.29 24 4.56 .047 0.375
KIT 14 6.45 18 3.42 .065 0.375
RB1 13 5.99 16 3.04 .061 0.375
ERBB2 2.76 5 0.95 .063 0.375
SMAD4 1.38 1 0.19 .047 0.375
CCNE1 16 7.37 22 4.18 .073 0.381
PIK3CA 39 17.97 71 13.50 125 0.383
APC 17 7.83 27 5.13 184 0.383
RAF1 15 6.91 21 3.99 .094 0.383
CCND1 13 5.99 18 3.42 120 0.383
PDGFRA 11 5.07 15 2.85 137 0.383
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A.
ERBB2
B. Relative Risk (SD)
Gene(s) Median (= SD) Black,n (%) White,n (%)
N=217 N=526
AR e 3 1.63 (0.29) 120 (553%) 184 (35%)
CCNDI1 —i— 1.26 (0.93) 13 (6%) 18 (3.4%)
CCNEI1 -l 1.31(0.27) 16 (7.4%) 22 (4.2%)
CTNNBI —a— 1.08 (0.76) 18 (8.3%) 24 (4.6%)
EGFR —— 1.50 (0.44) 37 (17.1%) 49 (9.3%)
ERBB2 — 1.16 (0.43) 6 (2.8%) 5 (1%)
FGFRI —_—0— 1.46 (0.96) 26 (12%) 38 (7.2%)
KIT 1.18 (1.17) 14 (6.5%) 18 (3.4%)
MET 145 (0.44) 23 (10.6%) 40 (7.6%)
MYC 1.36 (0.55) 32 (14.7%) 48 (9.1%)
PDGFRA 1.28 (0.84) 11 (5.1%) 15 (2.9%)
PIK3CA 1.26 (0.47) 39 (18%) 71 (13.5%)
RAFI1 1.29 (0.49) 15 (6.9%) 21 (4%)
AR, CTNNB1 L] 1.21 (0.11) 14 (6.5%) 14 (2.7%)
AR, EGFR 1.00 (0.07) 32 (14.7%) 36 (6.8%)
AR, EGFR, MYC 1.00 (0.06) 8 (3.7%) 12 (2.3%)

0 1 2 3

Figure 1. Conditional risk landscape visualization. (A) Probabilistic graphical model representing the association between the genomic alterations and
race in this cohort (N = 743). Each node represents a mutated gene, each edge indicates a direct dependence between mutated genes. (B) Forest plot
indicating the relative risk of having an alteration in a specific gene and Black or White race. Moreover, investigation of more complex relationships
such as those between race and secondarily connected genes (AR, CTNNB1 and AR, EGFR) is presented in lower half of the forest plot. Pink shading
indicates that the gene has a direct connection to race; purple shaded nodes are for genes with a secondary connection to race.
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The data underlying this article will be shared on reasonable
request to the corresponding author.
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Supplementary material is available at The Oncologist online.
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