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Abstract

Objective: Chromosome 8q arm (chr8q) is the most amplified chromosomal segment in 

advanced metastatic castration-resistant prostate cancer after chXq12. These regions harbor 
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important oncogenes driving prostate cancer progression, including MYC that plays a role in 

various hallmarks of cancer, including cell cycle progression and immune surveillance and has 

been well established in prostate cancer progression. Herein we characterize the co-expression 

patterns of chr8q genes and their clinical utility in more than 7,000 radical prostatectomy (RP) 

samples.

Materials and Methods: Copy Number (CN) alterations of 336 genes on chr8q21 to 

chr8q24 were extracted from two primary prostate cancer cohorts (TCGA, n=492; MSK-primary, 

n=856) and three metastatic prostate cancer cohorts (MSK-met, N=432; MSK-mCSPC, N=424; 

SU2CPNAS , n=444) from cBioPortal. Expression data for the 336 genes was extracted from 

6,135 RP samples from Decipher GRID registry. For survival analysis, patients were grouped into 

top 10% and top 25% by band expression vs remaining patients. Hazard ratios were calculated 

using Cox proportional hazards models.

Results: Genes on chr8q were highly co-amplified and co-expressed. Copy number alterations 

and overexpression of chr8q genes in primary disease were associated with higher Gleason 

scores, increased risk of metastases, and increased prostate cancer specific mortality (PCSM). 

Additionally, our data demonstrated high expression of MYC alone was not associated with 

differences in metastases free survival (MFS) while high expression of other chr8q bands were 

associated with decreased MFS. By combining chr8q data with an established genomic classifier 

like Decipher, we were able to develop a new model that was better at predicting metastases than 

Decipher alone.

Conclusions: Our findings highlight the clinical utility of chr8q data, which can be used to 

improve prognostication and risk prediction in localized prostate cancer.
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1. INTRODUCTION

Chromosome 8q arm (chr8q) is the most amplified chromosomal segment in advanced 

metastatic castration-resistant prostate cancer after chXq12.1 These regions harbor important 

oncogenes driving prostate cancer progression. Ch8q24.2 contains MYC while chXq12 

contains androgen receptor (AR). MYC is amplified in about 20% in mCRPC without 

neuroendocrine phenotype while it is amplified in 40% in neuroendocrine mCRPC.1–3

Early studies suggest involvement of gene amplification in human prostate cancers and, 

more specifically, the amplification of the 8q21.1–24.2 band region. More recent work 

suggests that amplification and over-expression of the 8q24 area from increased enhancer 

activity can lead to increased risk of prostate cancer.4–6 Furthermore, earlier studies suggest 

that the c-myc oncogene is a primary driver of oncogenesis associated with the 8q24 

locus.7–12 These studies suggest that overexpression is a common predictor of biochemical 

failure in prostate cancer patients.
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While these earlier studies are helpful in establishing the context behind the impact of 

myc as an individual gene involved in prostate cancer, many of these scientific articles 

are over a decade old, underscoring the importance of newer data that afford a more 

nuanced understanding of 8q arm overexpression and the association with the c-myc 

oncogene.11,13–15 Herein we characterize the co-expression patterns of chr8q genes and 

their clinical utility in more than 7,000 modern RP samples.

2. MATERIALS & METHODS

2.1 Data source and study populations

Genes on chr8q arm that have high amplification rate (>10%) in mCRPC (SU2CPNAS 

cohort) were identified. Copy Number (CN) alterations of 336 genes on chr8q21 to chr8q24 

(Supplementary Table S1) were extracted from two primary prostate cancer cohorts (TCGA, 

n=492; MSK, n=85616) and three metastatic prostate cancer cohorts (MSK,n=60816; MSK-

mCSPC,n=42417; SU2CPNAS , n=44418). Sample processing is described in greater detail 

in the source references.16–18 All five cohorts were publicly available on cBioPortal (https://

www.cbioportal.org/). TCGA and SU2CPNAS has whole-exome sequencing data, while the 

others were run on MSK-IMPACT which is a targeted sequencing assay.16–18 Only 6 genes 

out of the 336 were covered by MSK-IMPACT including MYC. Additionally, CN alterations 

of AR and the other 6 genes on chrX12q, where AR is located, were extracted from TCGA 

and SU2CPNAS, and only AR was covered by MSK-IMPACT.

Expression data for the 336 genes was extracted from 6,135 RP samples from the Decipher 

GRID, which is a 22-gene RNA-based genomic Classifier that independently predicts risks 

of metastases.19 1135 samples were from three retrospective cohort (MCI: n=545, MCII: 

n=235, JHMI: n=355) with long-term outcome follow up, and 5,000 are prospective RP 

with known Gleason scores and Decipher risk groups. These cohorts were used to assess 

the overall correlation and expression patterns of genes on chr8q arm, and their associations 

with clinical and outcome variables. Genes on chr8q were grouped into 10 bands(q21_1:3, 

q22_1:3,q23, q24_1:3).

2.2 Statistical analysis

To calculate overall band expression, average expression of genes within bands was 

calculated as representative score for the band. For survival analysis, patients were grouped 

into top 10% (patients with band score above 90th percentile) and remaining patients or top 

25% vs remaining patients.

For survival analysis, the hazard ratio (HR) of the top10% or top 25% compared to 

remaining patients were calculated using cox-proportional hazard model. HR was calculated 

with and without adjusting for high-risk Decipher group in MCII and JHMI cohorts. MCI 

was excluded from survival analyses as Decipher was built using that cohort. We finally 

incorporated the bands with Decipher score to build a new signature. A GLMNET model 

was used to build a signature (DecipherPLUSchr8) using Mayo cohort I that was used 

originally to build Decipher scores and validated in two independent cohorts.
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3. RESULTS

MYC and chr8q arm amplification rates across several cohorts with different disease stages, 

both primary and metastatic, are shown in Table 1. MYC and chr8q were more amplified in 

the primary setting compared to AR, but AR was more amplified in mCRPC. When looking 

at the amplification profile of all genes and chr8q bands in mCRPC cohort (SU2CPNAS , 

n=444)(Figure 1, Supplementary Table S2), we found different amplification patterns across 

bands. Genes on chr8q24_3 had different amplification pattern compared to remaining 

bands. Most genes within chr8q arm bands are highly co-amplified (Supplementary Table 

S3), but have different amplification patterns compared to AR. About 50–60% of samples 

with AR amplification have chr8q amplification, and about 70–90% of samples with MYC 

amplification have chr8q amplification. When doing similar analysis using gene expression 

data from mCRPC (Figure S1), we found similar trends of co-overexpression among genes 

within bands. These two results suggest that chr8q bands may harbor independent genomic 

information that might have different clinical impact.

When analyzing amplification patterns in primary prostate cancer (TCGA-PRAD cohort, 

Supplementary Table S4), we observed a similar chr8q co-amplification pattern (Figure S2). 

Patients with co amplified bands were associated with greater risk of disease progression.

To further characterize the clinical implications of chr8q over-expression, we next studied 

the expression patterns of chr8q genes in a cohort of 5000 RP samples from Decipher GRID 

where pathological variables and Decipher risk groups were available. Heatmap (Figure 2) 

showed coexpression of bands. Patients with overexpression of the bands were associated 

with high Decipher scores and high Gleason scores (GS8–10). When evaluating by mean 

expression of genes within bands, most of the bands were highly correlated with each other, 

but some of them were correlated with Decipher scores (Figure S3).

We performed a similar analysis in a retrospective natural history cohort (JHMI) (Figure 

S4) where patients did not receive any treatment from RP till onset of metastasis. 

Overexpression of bands was associated with metastatic outcome. To further investigate the 

associations with metastatic outcome, we averaged the expression of genes within bands and 

then split patients into top 10% versus others. Across most bands, high expression of bands 

was associated with metastatic outcome (Figure 3, Figure S5), but MYC alone and chrXq12 

were not associated with metastatic outcome. Most of the bands were also associated 

with PCSM outcome (Figure 3). Even when adjusting for high Decipher score, most 

bands remained independently prognostic, indicating that these bands harbor independent 

prognostic power compared to Decipher (Supplementary Table S5). Similar results were 

observed in an independent case cohort from Mayo Clinic II (MCII, n=235) (Figure S6).

We further split samples into top 25% vs others to show the robustness of the prognostic 

power of chr8q arm. Patients with top 25% expression of chr8q bands remained 

independently associated with metastatic outcome and PCSM (Supplementary Table S6).

We finally incorporated the average expression of chr8q bands with Decipher to build a 

new signature. A GLMNET model was used to build a signature (DecipherPLUSchr8) using 

Mayo cohort I that was used originally to build Decipher and validated in two independent 
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cohorts. In the training cohort, ch8q22_3 and ch8q22_1 have higher weights than Decipher 

(7.12 , 5.52 vs 4.73). Compared to Decipher, DecipherPLUSchr8 showed improvement in 

AUC of predicting metastasis and high DecipherPLUSchr8 (>0.6) was more associated with 

metastatic outcome in Mayo cohort II (HR 6.63 vs 4.63 Decipher) and JHMI (HR 3.54 vs 

3.0 Decipher).

4. DISCUSSION

In this large study using 5,000 RP samples, we found that increased copy number alterations 

and overexpression of chr8q genes in primary disease were associated with higher Decipher 

and Gleason scores, increased risk of metastases, and increased PCSM. By combining chr8q 

data with an established genomic classifier like Decipher, we were able to develop a new 

model that was better at predicting metastases than Decipher alone. Our findings highlight 

the clinical utility of chr8q data, which can be used to improve prognostication and risk 

prediction in localized prostate cancer.

Amongst the genes of interest located on chr8q includes MYC, which has been heavily 

studied in its role in prostate cancer progression.3,9–11,20 MYC has been suggested to 

play a role in driving metastasis and castration resistance.12 One study has found that 

overexpression of MYC is an independent predictor for biochemical recurrence.11 We found 

that high expression of MYC alone was not associated with metastatic outcome. However, 

overexpression of most other bands on chr8q was independently prognostic for metastasis 

and PCSM, even after adjusting for high Decipher. Additionally, our data demonstrated high 

expression of MYC was not associated with differences in MFS while high expression of 

other chr8q bands were associated with decreased MFS.

Our findings are in accordance with previous studies that utilized either FISH or CGH data 

and found that increased amplification of chr8q arm to be a marker of aggressiveness in 

prostate cancer.4,5,21 This study underscores the potential clinical significance of whole arm 

8q gains in localized disease to improve risk prediction in prostate cancer. Recent studies 

have also shown that Black men have a higher proportion of chr8q gains compared to other 

races and also have more biologically aggressive cancer.22–25 These findings underscore the 

importance of improving equity in access to genomic testing and clinical trials, particularly 

for populations that may benefit from therapeutic targets for chr8q. In summary, whole arm 

chr8q gain and overexpression are associated with metastatic potential in localized disease, 

and therapeutic targets for that chromosomal segment should focus beyond MYC alone.

Limitations with our study include use of a retrospective cohort. Additionally, our data uses 

mRNA expression data, which only identifies bands of interest on chr8q. However, further 

studies are needed to identify specific genes and gene products. Finally, further studies with 

long term clinical follow-up are needed to determine prognostic implications of chr8q.

5. CONCLUSIONS

In summary, our study shows whole arm chr8q gain and overexpression are associated with 

metastatic potential in localized disease. However, high expression of MYC alone was not 

associated with metastatic outcome. Our findings highlight that chr8q expression data holds 
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prognostic information for risk stratification in localized prostate cancer. Thus, development 

of therapeutic targets for chr8q should focus beyond MYC. Finally, further studies with long 

term clinical follow-up are needed to determine prognostic implications of chr8q.

Supplementary Material

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

• Whole arm chr8q amplification and overexpression is associated with 

metastatic potential in localized disease

• Chr8q expression data, and not only MYC, holds prognostic information for 

risk stratification in localized prostate cancer
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Figure 1: 
Heatmap of copy number alterations (amplification:red, deletion:blue) of genes in X12q 

arm hosting AR and chr8qarm in mCRPC cohort (SU2C-PNAS 2019). Heatmap shows 

coamplification of most genes in chr8q arm.
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Figure 2: 
Heatmap of gene expression of genes in X12q arm hosting AR and chr8qarm in 5000 

primary RP samples from Decipher GRID cohort . Heatmap shows co-expression of most 

genes in chr8q arm. Samples with high expression are associated with high Decipher scores 

defining a an aggressive subgroup of potential metastatic outcome.
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Figure 3: 
Hazard ratios of chr8q bands for metastasis (MET) and prostate cancer specific mortality 

(PCSM) in localized natural history cohort without (red) and with adjusting for high 

Decipher. Most chr8q bands are associated with poor outcome and remained significant 

after adjusting for high Decipher.
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Table 1:

Summary of copy number amplification of AR, MYC and chr8qarm across multiple prostate cancer cohorts 

with different disease stages

Primary Metastatic

Study TCGA MSK-IMPACT (Eur 
Urol 2020)

MSK-IMPACT 
(CCR2020)

MSK-IMPACT (Eur 
Urol 2020)

SU2C_(PNAS 2019)

Tissue type Primary Primary mCSPC metastatic mCRPC

Sequencing tech Whole Exom Targeted-MSKIMPACT Targeted-
MSKIMPACT

Targeted-MSKIMPACT Whole Exom

Number of samples 492 856 424 432 444

AR-AMP 1.2% 1.1% 4.0% 39.0% 49.0%

MYC-AMP 8.0% 2.9% 7.0% 12.0% 24.0%

chr8q-AMP (mean) 6.5% 2.0% 4.9% 7.3% 20.7%
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