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1. Introduction 

Men of African descent experience a disproportionately high prostate cancer mortality. We and 
others have shown that prostate tumors in African-Americans harbor a distinct immune-
inflammation signature. Low-grade inflammation has been described as a prostate cancer risk 
factor that is associated with aggressive disease. We also reported that regular aspirin use 
reduces the risk of aggressive prostate cancer and disease recurrence in these men. Together, the 
observations suggest that a low-grade chronic inflammation related to ancestral factors and 
tumor biology could be a driver of prostate cancer mortality in men with African ancestry. We 
therefore proposed to examine whether a systemic low-grade inflammation is a prostate cancer 
risk factor in men of African descent and correlates with West African ancestry, genetic 
susceptibility, a distinct tumor biology, and aggressive disease. Our research aims included the 
analysis of a unique immune-inflammation signature in men of African ancestry that relates to 
prostate cancer. We also proposed to assess the genetic and ancestral basis of prostate cancer-
associated inflammation using a genome-wide association approach. Lastly, in collaboration with 
our Co-PI, Dr. Clayton Yates at Tuskegee University, we will determine the prevalence and 
origin of an immune-inflammation signature in tumors of men of African and European ancestry.  

 
2. Keywords 

African-American, Africa, ancestry, biomarker, case control study, chromatin, cyclooxygenase, 
disease progression, DNA, genetic variation, genomics, immunity, inflammation, mutation, 
RNA, risk factor, omega-3 fatty acid, tumor biology, transcriptome, urine. 
 

3. Accomplishments 

We continued our research addressing all aims, tasks, and subtasks of the award, but were 
negatively impacted by the COVID-19 pandemic and the closures that resulted from it. The 
impact of COVID-19 on tasks was as follows: NCI laboratories and service providers like 
University of Maryland contractor for NCI-Maryland Prostate Cancer study, NCI-Leidos (RNA 
and DNA extractions) and the NCI Cancer Genomics Research Laboratory (GWAS genotyping) 
were closed from Friday, March 20, into July 2020, when these facilities started to resume 
services. These closures affected data collection for participants in the NCI-Maryland Prostate 
Cancer study and two projects. For Specific Aim 2, they delayed completion of Major Task 2 
(GWAS genotyping). For Specific Aim 3, they delayed completion of Major Task 1 & 2 
(RNAseq and whole exome sequencing). In addition, several team members are working on 
reduced schedules (Tsion Minas, Maeve Bailey-Whyte, Tiffany Dorsey) as they have young kids 
and day care has not been available to them. Despite these obstacles, we made great progress 
with the work and research, and achieved several milestones, and started to work on research 
manuscripts. 
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Progress in the reporting period. 
 
During the past 24 months, our group addressed 
the Major Tasks for Specific Aims 1 & 2, as 
outlined in the Statement of Work for the grant. At 
this time, laboratory work and data acquisition has 
been completed for these aims. Thus, major 
milestones have been achieved. 
 
For Specific Aim 1, under Major Task 1, we 
described the preparation of serum and urine 
samples and their shipment to labs to measure 
immune-oncology markers (n = 92), omega-3 fatty 
acid levels (24 different metabolites), 
lipopolysaccharide (LPS), and urinary metabolites 
of the cyclooxygenase signaling pathway (5 
metabolites were measured). These tasks were 
completed ahead of schedule.  
 
Major Task 1 describes as subtask 2 the 
measurements of these markers/metabolites at Olink (immune-oncology markers), at 
OmegaQuant (fatty acids), at Leidos (LPS), and at the Eicosanoid Core Laboratory at Vanderbilt 
University (urinary metabolites). This task had a timeline of 16 months and has been completed. 
Most recently (April 2020), we received from Olink the immune-oncology marker data for 70 
Nigerian prostate cancer patients and 170 Nigerian men without prostate cancer (controls). 
Regarding the measurements of the 5 urinary metabolites, we had observed a larger variation in 
the data for blinded duplicates than expected – as outlined in the 2019 report. This problem has 
been resolved (see Changes/Problems, page 22).  
 
Serum markers were measured in blood samples of 1520 prostate cancer cases and 1518 controls 
from the NCI-Maryland (Table 1) and NCI-Ghana studies (Table 2). In total, about 3190 
measurements (including blinded duplicates) were performed for each assay type (Table 3). For 
the 92 immune-inflammation markers, measurements of duplicates showed very small sample-
to-sample variation (Table 3), indicating a generally very solid platform that was developed by 
Olink. We could detect 61 of the analytes in all samples and 78 in 50% of the samples. Missing 
values mostly indicated that the abundance of these markers was below the detection limit in a 
subset of the samples. However, for a few of the immune-inflammation markers (5-10), the 
Olink multiplex assay may not have worked well, leading to a failure of detecting these markers 
in almost all samples (e.g., TNFα, IFNγ). We reported this experience back to the company. 
However, the markers in question cannot be re-measured and will be excluded from analysis. 
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As to the measurements of the omega-3 fatty acids, all assays performed very well, and the 24 
fatty acids were measured in all samples. The estimated CV of 8.7% indicates very good 
performance of the assays (Table 3), which is expected from a CLIA certified assay that is 
applied to measure fatty acid contents in clinical samples as a routine task by OmegaQuant. 
Lastly, our LPS assay detected LPS, also called endotoxin, in about 14% of the samples (Table 
3). We did not expect to detect LPS in many samples, as it indicates an ongoing infection with 
gram-negative bacteria. We will use the LPS readings to examine if immune-inflammation 
marker measurements are affected by infections. 
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With these data for the blood and urine markers in hand, Tsion Minas and Maeve Bailey-Whyte, 
two postdoctoral fellows, have begun to analyze them for research manuscripts. Tsion 
concentrated her efforts on analyzing the immune-oncology markers and their association with 
African ancestry and prostate cancer. Her analyses included 82 of the 92 markers, excluding 
those that were detected in less than 20% of the study population. As an initial step – to examine 
whether the abundance pattern of the 82 immune-oncology markers is specific to population 
groups – Tsion performed an unsupervised hierarchical cluster analysis, using only data from the 
healthy volunteers to exclude confounding by a prostate cancer diagnosis, and found that serum 
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levels of these markers clustered by population group (Figure 1). Ghanaian men grouped closer 
with African-American than European-American men. The finding is consistent with our 
hypothesis that a unique systemic immune-inflammation signature might exist in men of African 
ancestry. Next, Tsion explored if these differences in immune-oncology marker expression may 
relate to West African ancestry. We could ask this question because participants in the NCI-
Maryland study were previously typed for West African, Native American, and European 
ancestry as part of a collaboration with Rick Kittles’ laboratory, now at the City of Hope, using a 
panel of 104 ancestry-informative markers. In her analysis - again focusing on the healthy 
volunteer population in the study – Tsion found that blood levels of some chemokines strongly 
correlated with the degree of West African ancestry among these men (Figure 2), suggesting a 
potential ancestral influence on the immune response, consistent with published data 
(PMID: 27768889) and our study hypothesis. We will further investigate this relationship 
between immune-oncology marker levels and genetic ancestry with the analysis of the 
genotyping data from the HumanOmni5-Quad BeadChip, using a genome-wide association study 
approach, with access to 4 million genetic markers, as described under Specific Aim 2. 
 
To better understand the functional implication of the immune-oncology markers, Tsion grouped 
the markers into 6 pathways, namely 1. apoptosis, 2. autophagy, 3. chemotaxis, 4. promotion of 
tumor immunity, 5. suppression of tumor immunity, and 6. vasculature and tissue remodeling, 
following Olink classification, and assigned z-scores of pathway activity to each man in the 
study. She then investigated the association of pathway activity with survival of prostate cancer 
patients in the NCI-Maryland study - as survival data are not available for the NCI-Ghana cohort. 
These investigations showed that the increased activity of one pathway, suppression of tumor 
immunity, was significantly associated with decreased overall survival among men with prostate 

 
 
Figure 1 
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cancer (HR = 5.9, 95% CI 1.46 to 23.9) , but not among men without the disease - controls 
(Figure 3). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Notably, 
activation of 

this pathway was associated with African descent as well, with the highest activation scores in 
Ghanaian men, followed by African-American men, and yielding the lowest scores in European-
American men – as shown for healthy volunteers in the three population groups (Figure 3, figure 
to the right). Suppression of tumor immunity also associated with decreased cancer survival 

 
Figure 2 
 

 
 
Figure 3 
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among the prostate cancer patients (HR = 17.3, 95% CI 2.58 to 116.4), an analysis that included 
all reported cancers in this patient cohort – not just prostate cancer, and showed an association 
with an increased likelihood of a prostate cancer-specific death (HR = 5.77, 95% CI 0.38 to 
86.9), however, this association was not statistically significant because of the low number of 
prostate cancer-specific deaths in the adjusted analysis (n = 36) (Figure 4). The latter analysis 
will be repeated with the now updated mortality data from the National Death Index database.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Lastly, Tsion’s analysis revealed an significant association of the suppression of tumor immunity 
pathway with higher odds of presenting with metastatic prostate cancer in the NCI-Maryland 
study (adjusted OR = 3.04, 95% CI: 1.09 to 8.53 for patients with the highest pathway activation 
scores - top 25%; Figure 5), further indicating that increased suppression of tumor immunity may 
predispose to lethal prostate cancer. In this analysis, prostate cancer patients with the lowest 
pathway activation scores (quartile 1, lowest 25%) were set as reference. Tsion’s findings are 
consistent with our hypothesis that a distinct immune-inflammation signature exists in men of 
African ancestry that includes suppression of tumor immunity and may increase the risk of lethal 
disease among these men. Tsion is currently working on a manuscript to submit these important 
findings to a peer-reviewed journal.  
 
 

 
 
Figure 4 
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Figure 5 
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The tasks described under Specific Aim 1, included the measurement of five urinary metabolites 
(PGD-M, PGE-M, PGI-M, 11dTxB2, TNE) that are surrogates for cyclooxygenase signaling, a 
pro-inflammatory and oncogenic signaling pathway (Figure 6). These metabolites were only 
measured in the NCI-Maryland Study, as outlined in the statement of work, because urine was 
not collected in the NCI-Ghana study. The characteristics of the study population is shown in 
Table 4. We sent a total of 2131 samples (Table 5) to the Eicosanoid Core Laboratory at 

Vanderbilt University to be analyzed by mass spectrometry using assays that have previously 
been validated at the facility. The core facility measured these metabolites and then standardized 
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the measurements to urinary 
creatinine content, which is 
determined by a separate colorimetric 
assay. A pilot study that we 
conducted with 22 blinded duplicates 
indicated that duplicate measurements 
would have the expected CV of 10-
15%. However, we had a much 
higher variability in our duplicate 
measurements across the 2131 
samples and initially did not know the 
cause (since we did not have this 
issue in our pilot study). An 
investigation revealed that the cause 
was a high variability in the 
measurement of the urinary creatinine 
content, using the colorimetric assay. 
Having this clarification, the 
Eicosanoid Core Laboratory re-
measured urinary creatinine in all 
2131 urine samples, using an improved protocol, and provided us with the new data on March 
30, 2020. The new measurements showed significantly lower variability in duplicate 
measurements, in agreement with previous quality control data at this facility and in our pilot 
study. 

 
Maeve Bailey-Whyte has begun to analyze the data, initially focusing on the thromboxane A2 
signaling pathway as this pathway has recently been linked to increased cancer metastasis 
through its effect on platelet function and aggregation (Lucotti et al., JCI 2019; 
PMID: 30907747). This paper also showed that aspirin can inhibit this process. Levels of urinary 
thromboxane B2 (TBX2), a surrogate marker of thromboxane A2 bioavailability, were indeed 
greatly inhibited by aspirin use in the study population among men with prostate cancer - cases 
(Figure 7) and men without prostate cancer - controls (Figure 8), yet more so among the African-
American (AA) than European-American (EA) men, as shown by the reduced fraction of men 
with the highest urinary TBX2 levels (top 25%) among aspirin users. The data suggest that 
aspirin use may have a stronger protective effect in African-American men. 
 
 

 

 
Figure 6: Cyclooxygenase pathway is a principle mechanism 
driving the association of  inflammation and cancer 
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Consistent with these findings, Maeve observed that high urinary thromboxane B2 levels are 

 
 
Figure 7: Thromboxane B2 formation is inhibited by aspirin use in men with prostate cancer 
 

 
 
Figure 8: Thromboxane B2 formation is inhibited by aspirin use in men without prostate cancer 
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associated with increased odds of prostate cancer only among the African-American men (OR 
1.58; 95% CI: 1.04 to 2.39; Figure 9). In addition, when prostate cancer patients were 
categorized by their NCCN risk score for the disease 
(https://www.nccn.org/patients/guidelines/content/PDF/prostate-patient.pdf), prostate cancer 
patients with urinary thromboxane B2 levels in the highest quartile (top 25%) were at a greatly 
increased risk of presenting with metastatic prostate cancer (OR 7.96; 95% CI 1.65 to 38.4; 
Figure 10). These findings are consistent with the recent observation from animal studies that 
high thromboxane A2 increases the risk of metastasis. Maeve will now examine the association 
of urinary thromboxane B2 levels with overall and prostate cancer-specific survival in the NCI-
Maryland study. We very recently received updated National Death Index mortality data for our 
study - through 2018. With this analysis included, Maeve will write up her first manuscript while 
continuing to examine the other four urinary metabolites (PGD-M, PGE-M, PGI-M, TNE). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

 
Figure 9 
 

 
Figure 10 
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For Specific Aim 2, Major Task 1 describes as subtask the preparation of DNA samples and 
shipment to the genotyping samples at Cancer Genomics Research Laboratory, NCI. We 
completed this subtask within the projected time frame of 8 months. We encountered a problem 
with the amount and quality of germline DNA that we sent to the genotyping core facility at the 
NCI – as mentioned in the 2019 annual report. This problem has been resolved - after we re-
extracted germline DNA from previously collected blood monocytes and buccal cells (done by 
Tsion Minas, Tiffany Dorsey, Anuoluwapo Ajao). The NCI Cancer Genomics Research 
Laboratory has now completed GWAS genotyping with the Infinium HumanOmni5-Quad 
BeadChip for a total of 1806 subjects in the study (cases: 431 African-American; 413 European-
American; controls: 458 African-American, 504 European-American), corresponding to the 
numbers of 900 cases and 900 controls that we will genotype per our Statement of Work for the 
award. This milestone finishes the laboratory-based tasks for Specific Aim 2. The raw 
genotyping data have been moved to the Analysis Team at the Cancer Genomics Research 
Laboratory for clustering and quality control including “data cleaning”.  When this task is 
completed, the genotyping data will be transferred to Drs. Wei Tang and Michael Cook. Per 
previous arrangement, a postdoctoral fellow in Michael Cook’s group will start with a combined 
analysis of the NCI-Maryland and NCI-Ghana study, with the main aim to assess whether 
germline genetic variants are associated with immune-inflammation markers and prostate cancer, 
as outlined under Specific Aim 2, Major Task 2.  
 

Specific Aim 2: Assess whether germline genetic variants are 
associated with immune-inflammation markers and PCa using a 
genome-wide association approach (GWAS). 

 NCI 

Major Task 1: Perform GWAS genotyping with Infinium 
HumanOmni5-Quad BeadChip 

Months  

Subtask 1: Prepare DNA samples for shipment 
 Obtain IRB approval covering the NCI-Maryland Prostate study  
 Aliquot DNA samples from 900 cases and 900 controls, perform 

quality control, and ship to Cancer Genomics Research Laboratory, 
DCEG/NCI 

1-8 
Ambs,  
Minas 

Subtask 2: Genotyping with Infinium HumanOmni5-Quad BeadChip, 
covering more than 4 million SNPs 
 Perform genotyping and preliminary data analysis at Cancer 

Genomics Research Laboratory. Receive data and add to database. 

8-14 
Ambs, Minas, 

Tang 

Major Task 2: Statistical analysis   

Assess whether germline genetic variants are associated with 
immune-inflammation markers and PCa. Perform a combined 
analysis of the NCI-Maryland and NCI-Ghana Prostate studies. 
Genotyping data for the NCI-Ghana Prostate study exist already.  

14-24 
Ambs, Cook, 
Kelly, Minas, 

Tang 
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For Specific Aim 3, management of Major Tasks 1 & 2 primarily falls under the responsibility 
of Dr. Clayton Yates, our co-investigator at Tuskegee University. Yet, the Tuskegee and NCI 
research teams have been working on these tasks in close collaboration.  

To obtain cores of tumor and adjacent non-cancerous tissue from FFPE tumor blocks, we asked 
the University of Maryland Department of Pathology for help with this task. Under a contract, 
the Department of Pathology assigned a pathologist who identified areas in the tissue blocks that 
could be processed into cores of tumor tissue and paired adjacent non-cancerous tissue for RNA 
and DNA extraction. Nevertheless, many of the tumor tissues from the Nigerian and University 
of Maryland prostate cancer cases did not present with enough tumor tissue so that cores could 
be obtain. This is a well-known problem with human prostate tumor biospecimens where tumor 
tissue is often less than 20%. When cores could be taken, they were then obtained by an 
experienced laboratory technician and sent to the NCI-Leidos Molecular Histopathology 
Laboratory. This laboratory extracted total RNA and DNA using a previously established 
protocol that allows further processing of the RNA for RNA sequencing and DNA for whole 
exome sequencing. A total of 399 cores (101 Nigerian tumors and 61 adjacent non-cancerous 
tissues; 62 African-American tumors and 58 adjacent non-cancerous tissues; 60 European-
American tumors and 57 adjacent non-cancerous tissues) were processed. The RNA and DNA 
samples were then sent to the service provider, HudsonAlpha Institute for Biotechnology, a 

Specific Aim 3: Determine the prevalence of an immune-
inflammation signature in prostate tumors of men of 
European and African ancestry, and evaluate how this 
signature relates to other gene expression patterns, 
genomic alterations, and chromatin structure in these 
tumors, and to patient characteristics. 

 NCI TU 

Major Task 1: Perform RNA sequencing (RNA-seq), whole 
exome sequencing (exome-seq), and Assay for 
Transposase-Accessible Chromatin with high throughput 
sequencing (ATAQ-seq) for 250 tumors 

Months   

Subtask 1: Prepare RNA and DNA for sequencing 
 Obtain IRB approval and MTAs covering the two study 

sites, NCI and University of Tuskegee. 
 Receive tumors from NCI (50 African-American and 50 

European-American patients). Isolate RNA and DNA 
from NCI tumors and tumors from 150 Nigerian 
patients. Process all tumor tissues, including macro- 
and microdissection of tumor epithelium as needed. 

 Perform quality control of RNA and DNA 

1-8(10) Ambs 
Grizzle, Wang, 

Yates  

 Ship RNA and DNA samples to the sequencing facility at 
Leidos Biomedical Research, Inc., Frederick National 
Laboratory for Cancer Research. Facility will perform 
RNA-seq, exome-seq, and ATAQ-seq. Obtain raw output 
data together with quality control assessment data. 
Perform initial quality control analysis of datasets. 

8(10)-14 Ambs, Tang White, Yates 
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leader in applied genomics technologies. We had previously identified the NCI-Leidos 
Sequencing Core as service provider, however, with further discussions it became uncertain that 
this facility could sequence RNA obtained from FFPE tissue blocks with RNA degradation. At 
HudsonAlpha, quality control analysis indicated that most RNA samples would likely fail 
sequencing. However, Hudson Alpha has a proprietary RNA extraction protocol for FFPE 
tissues. Thus, we provided them with additional FFPE tissue cores and will now examine if 
extraction of RNA with this protocol will yield an RNA quality that allows untargeted, large-
scale sequencing. If these attempts would fail, we may consider a targeted sequencing approach 
that does not require the same stringent RNA quality. Alternatively, we may consider 
quantitation of gene expression using Nanostring technology with predeveloped assays that work 
with degraded RNA. However, the latter methods would not allow a whole transcriptome-wide 
assessment of gene expression in our samples. Aside the issues with RNA sequencing, we will – 
as the next step – proceed with whole exome sequencing of the isolated genomic DNA. We do 
not anticipate similar issues as DNA is a much more inert macromolecule than RNA and 
anticipate having whole exome sequencing data for 175 tissue pairs by the end of 2020. 
 
DNA for whole exome sequencing: 
175 tissue pairs (tumor and adjacent non-cancerous tissue): 61 from Nigerian, 58 from African-
American, and 56 from European-American men. 
 
Remaining FFPE cores for extraction of RNA at HudsonAlpha: 86 from Nigerian, 45 from 
African-American, and 47 from European-American men. Total: 178. 
 
 
Opportunities for training and professional development.  
 
Despite the challenges with COVID-19 including the closures of laboratories from Friday, 
March 20 into July 2020 we continued to provide opportunities to trainees. In the past 12 
months, we provided these opportunities to the following fellows: Jason White (Tuskegee U); 
Tsion Minas, Maeve Bailey-Whyte, Anuoluwapo Ajao, and Margaret Pichardo (all NCI-
associated). Yet, many of the tasks that have been completed so far provided only limited 
opportunity for training and professional development. Those included mostly routine tasks of 
sample preparation, QC analysis, and shipment, and included study design tasks for pilot studies 
and the main study, and project management by the PIs. Due to COVID-19, we cannot host 
visitors at the NCI at this time, and this restriction will likely continue into 2021. We hosted 
Jason White from the Yates laboratory at our NCI laboratory for several months in 2019. Jason 
White is a PhD student and will participate in data analysis of the tumor data (genomics and 
transcriptome analysis) for this DoD grant. Jason received mentoring in the analysis of whole 
exome sequencing data by our Staff Scientist and data science expert, Dr. Wei Tang, and has 
access to use the NIH Biowulf Cluster for high-performance computing. Jason can use the NIH 
high-performance computing capabilities remotely when working in the Yates lab. In the past 12 
months, Wei continued to mentor Jason using an existing prostate cancer dataset that was 
generated at Tuskegee University, investigating driver mutations and mutational signatures with 
state-of-the-art data science tools. It is the aim of this interaction that Jason becomes an 
independent data scientist of genomics data and can apply this knowledge to the data generated 
under this award. He is making great progress and is ready to earn his PhD. We have regular 
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Zoom meetings to discuss his progress with the project.  
 
With the completion of data collection for Specific Aim 1, Tsion Minas and Maeve Bailey-
Whyte, both postdoctoral fellows at the NCI, have started the analysis of the immune-oncology 
and urinary eicosanoid markers, respectively, and are at the stage of writing up their first 
manuscripts. Both are teleworking, solely focusing on data analysis and scientific reports. Tsion 
is more and more mastering the R software for statistical computing and is closely collaborating 
with Julian Candia, a Staff Scientist and Senior Data Analyst in Dr. Xin Wang’s laboratory at the 
NCI, in the use of novel approaches of data analysis and visualization of her findings. She is 
making great progress. In addition, Tsion regularly consults with Michael Cook about her 
analysis approaches. Tsion has presented her findings covering Aim 1 at an NCI Interlaboratory 
Seminar and more recently at a Laboratory of Human Carcinogenesis (LHC) seminar. Both times 
she did very well. She was selected a chairperson for the 3rd NCI Symposium on Cancer Health 
Disparities, which was scheduled to take place April 16-17, 2020, but is now rescheduled due to 
COVID-19 for May 25-26, 2021. Furthermore, Tsion is mentoring Anuoluwapo Ajao, a PostBac 
in our laboratory involved with prostate cancer research, who wants to participate in 
epidemiological research in Nigeria as a Fulbright Research Fellow. Under Tsion’s mentorship, 
Anuoluwapo is learning statistical analysis and epidemiological methodologies. Maeve, an NCI 
Cancer Prevention Fellow with a Master’s in Public Health (MPH) degree, is still learning 
methodologies to analyze epidemiological and clinical data. Here, she is making great progress 
and recently introduced to our laboratory the assessment of competing risks in a survival 
analysis, an important analysis tool in prostate cancer research. Maeve works closely with Tsion 
and has additional support by a postdoctoral fellow from Michael Cook’s laboratory, Lauren 
Hurwitz, who is a trained prostate cancer epidemiologist. Maeve has presented her findings on 
thromboxane B2 at an NCI Cancer Prevention Fellow seminar and is scheduled to give an 
upcoming presentation at an LHC seminar in late 2020 and an NCI Interlaboratory Seminar in 
2021. Maeve Bailey-Whyte presented a poster at the AACR conference on the Science of Cancer 
Health Disparities, October 2-4, 2020. She presented findings from the urinary eicosanoid 
metabolites study. Her abstract was entitled “High urinary thromboxane B2 associates with 
aggressive prostate cancer and inversely correlates with aspirin use”. Maeve received an AACR 
Scholar-in-Training-Award for her contribution. Her progress is very impressive. Lastly, 
Margaret Pichardo began to be involved with important work related to this award. She has been 
instrumental in establishing a research project related to this award that will collect geospatial 
neighborhood data for the NCI-Maryland Prostate Cancer Study. She obtained census tract data 
for 1990, 2000, and 2010 and developed a neighborhood deprivation index. The linkage of 
census tract data to study participants in the NCI-Maryland prostate cancer study is currently 
performed. Margaret is a rising star in cancer health disparity research. She completed her PhD 
in epidemiology at Yale in 2020 while being a resident physician at Howard University in 
Washington, DC. She already has published one research paper with our group as a volunteer 
(PMID: 29784730). I have no doubt that her involvement will lead to additional publications 
covered under this award, focusing on the relationship of the neighborhood deprivation index 
with prostate cancer risk and outcomes among African-American men, and how this index may 
influence immune-oncology marker expression and the immune response related to prostate 
cancer.  
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Dissemination of results to communities of interest. Tsion Minas gave her first data 
presentation at the AORTIC 2019 conference in Maputo, Mozambique, on November 6, 2019, 
based on findings from this grant. She was selected for a Lightning Talk entitled: Distinct 
circulating immune-oncological markers in men of African descent. She was also selected to be 
on the African Cancer Leadership Institute associated with this international cancer conference 
and received a grant to participate at this conference. In addition, Tsion presented more of her 
findings as a speaker at an NCI Interlaboratory Seminar and more recently at an LHC seminar. 
Maeve Bailey-Whyte presented a poster at the AACR conference on the Science of Cancer 
Health Disparities, October 2-4, 2020. She presented findings from the urinary eicosanoid 
metabolites study. Her abstract was entitled “High urinary thromboxane B2 associates with 
aggressive prostate cancer and inversely correlates with aspirin use”. Maeve has also presented 
her findings in an NCI Cancer Prevention Fellow seminar and is scheduled to give an LHC 
seminar in late 2020 and NCI Interlaboratory Seminar in 2021, covering findings from this grant. 
Stefan Ambs was an invited speaker at the 3rd NCI Symposium on Cancer Health Disparities, 
which was scheduled to take place April 16-17, 2020 but is now rescheduled for May 25-26, 
2021. His presentation will focus on results from this grant. He was also scheduled as a speaker 
at 13th National Symposium on Prostate Cancer at Clark Atlanta University and the 6th Biennial 
Science of Global Prostate Cancer Disparities in Black men Conference in Barcelona, Spain. 
Both presentations would have focused on results from this grant. New dates for these 
conferences have not been set. In addition, Dr. Ambs presented work related to this grant at 
invited talks at the NCI Laboratory of Genitourinary Cancer Pathogenesis seminar series and the 
NIH Academy to support health disparity research. Future efforts of dissemination will focus on 
completing manuscripts and getting them published in peer-reviewed journals. 
 
Goals to accomplish during the next reporting period. A major focus during the next period 
will be the completion of manuscripts related to Specific Aim 1 and getting them published in 
peer-reviewed journals. Tsion Minas and Maeve Bailey-Whyte will likely be supported by a 
third postdoctoral fellow, Brittany Jenkins, who will join our laboratory in January 2021. 
Brittany is an NCI Cancer Prevention Fellow with an MPH but will have to get experienced with 
data analysis. Per discussion, she will work with Tsion for mentorship but will have her own 
project, likely the analysis of the available omega-3 fatty acid data and their relationship with 
inflammation and prostate cancer in men of African ancestry. We also expect that Margaret 
Pichardo will soon start her analysis with the neighborhood deprivation index. This work covers 
the NCI-Maryland Prostate Cancer Study, but not the NCI-Ghana study, and should lead to 
manuscripts within a year. Margaret has previously worked with data from the NCI-Maryland 
study, thus is already familiar with the dataset. Furthermore, genotyping for the genome-wide 
association study has been successfully completed in early October. This finishes the laboratory-
based tasks for Specific Aim 2. The data have been moved to the Analysis Team at the Cancer 
Genomics Research Laboratory for clustering and quality control including “data cleaning”.  
When this is completed, the genotyping data will be transferred to Wei Tang and Michael Cook. 
Per previous arrangement, a postdoctoral fellow in Michael Cook’s group will start with a 
combined analysis of the NCI-Maryland and NCI-Ghana study, with the main aim to assess 
whether germline genetic variants are associated with the immune-oncology markers and 
prostate cancer, as outlined under Specific Aim 2, Major Task 2. Genotyping data for the NCI-
Ghana Prostate study exist already. There are two postdoctoral fellows in Michael Cook’s 
laboratory who can do this analysis, Ebonee Butler and Lauren Hurwitz. Lastly, we should be 
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able to start the analysis of the genomics data coming from the analysis of prostate tumors. 
Although issues remain with the RNA quality, whole exome sequencing should proceed as 
planned and generate the mutational data by the end of 2020, as described under Specific Aim 3, 
Major Task 2. 
 
Besides pursuing these milestones, the trainees will continue to submit abstracts at conferences 
related to cancer health disparities and prostate cancer. 
 

4. Impact 

There is “Nothing to report” currently. However, with the recent finding by Sartor and 
colleagues that the cancer vaccine, Sipuleucel T, may specially improve survival of African-
American men with metastatic castration-resistant prostate cancer (PMID: 32111923), interest in 
the immune-inflammation signature in prostate tumors of African-American men has surged. 
The presence of an interferon signature in these tumors, as we have described it (Tang et al., 
PMID: 30012562), would suggest that African-American prostate cancer patients may respond 
better to cancer vaccines targeting the cancerous prostate than European-American men. We 
believe that the research questions that we pursue under this award will have important 
implications for immune therapy in African-American men with otherwise lethal prostate cancer. 
Drs. Yates and Ambs have spoken with Dr. Sartor. He will be a speaker at the 3rd NCI 
Symposium on Cancer Health Disparities in 2021.  
 
As already described in our 2019 annual report, our research had significant impact on 
performance measures at both Olink and the Eicosanoid Core Laboratory at Vanderbilt. As such, 
the project will likely improve knowledge and practices at these two places. The Eicosanoid 
Core Laboratory changed their methods to measure urinary creatinine as the standard to 
normalize urinary marker measurements by mass spectrometry. The laboratory manager, Ginger 
Milne, has been very receptive to our feedback and has been working with us to improve their 
measurement and analysis pipeline. 
 

5. Changes/Problems 

We have no major changes/problems to report for this award period. At this time, all procedures, 
measurements and proposed analyses will continue as planned. We encountered minor technical 
problems in the previous reporting period that were resolved. We are still working on improving 
the quality of extracted RNA from FFPE prostate tumor cores. 
 
Specific Aim 1, Major Task 1: There was an issue with the variability of duplicate measurements 
at the Eicosanoid Core Laboratory, Vanderbilt University – as outlined in the 2019 annual report. 
We had a high variability in our duplicate measurements and initially did not know the cause 
(since we did not have this issue in our pilot study). An investigation revealed that the cause was 
a high variability in the measurement of the urinary creatinine content, using a colorimetric 
assay. Urinary creatinine content is used as the reference to standardize the mass-spectrometry-
based measurements of the 5 urinary eicosanoid metabolites – our metabolites of interest. The 
Eicosanoid Core Laboratory re-measured urinary creatinine in all the 2131 urine samples, using 
an improved protocol, and provided us with the new data on March 30, 2020. The new 
measurements showed significantly lower variability in duplicate measurements, in agreement 
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with previous QC data at this facility. The problem has been resolved, finishing the laboratory 
work for this project. Milestone achieved. 
 
Specific Aim 2, Major Task 1: We encountered a problem with the amount and quality of 
germline DNA that we sent to the genotyping core facility at the NCI – as mentioned in the 2019 
annual report. This core facility - Cancer Genomics Research Laboratory – has high QC 
requirements on DNA quality to avoid downstream genotyping failure. This problem has been 
resolved after we re-extracted germline DNA from previously collected blood monocytes and 
buccal cells (done by Tsion Minas, Tiffany Dorsey, Anuoluwapo Ajao). The NCI Cancer 
Genomics Research Laboratory has now completed GWAS genotyping with the Infinium 
HumanOmni5-Quad BeadChip for a total of 1806 subjects in the study, matching the numbers of 
900 cases and 900 controls in our Statement of Work for the award. The problem has been 
resolved, finishing the laboratory work for this project. Milestone achieved. 
 
Specific Aim 3, Major Task 1: We are encountering a quality control issue with the extracted 
total RNA from FFPE prostate tumor and adjacent non-cancerous tissue cores. It remains 
technologically challenging to obtain good quality RNA from formalin-fixed human tissue 
samples that meet the requirement for RNA sequencing. The FFPE prostate tissues from the 
NCI-Maryland study have been stored 5-15 years which inevitably will lead to degradation of 
RNA in these tissues. The other tissues have been collected in Nigeria and their collection, 
fixation, and storage may also have caused degradation. The NCI-Leidos Molecular 
Histopathology Laboratory extracted total RNA and DNA from about 400 cores using a 
previously established protocol that allows further processing of the RNA for RNA sequencing 
and DNA for whole exome sequencing. The RNA and DNA samples were sent to the service 
provider, HudsonAlpha Institute for Biotechnology, a leader in applied genomics technologies. 
QC analysis indicated that most RNA samples would likely fail sequencing. HudsonAlpha has a 
proprietary RNA extraction protocol for FFPE tissues. We provided the service provider with 
additional FFPE tissue cores and will now examine if extraction of RNA with this protocol will 
yield RNA quality that allows untargeted, large-scale sequencing. If these attempts would fail, 
we may consider a targeted sequencing approach that does not require the same stringent RNA 
quality. Alternatively, we may consider quantitation of gene expression using Nanostring 
technology with predeveloped assays that work with degraded RNA. However, the latter 
methods would not allow a whole transcriptome-wide assessment of gene expression in our 
samples. 
 
Changes to vertebrate animals and select agents do not apply. 

6. Products 

Tsion Minas gave a presentation at the AORTIC 2019 conference in Maputo, Mozambique, on 
November 6, 2019. Her talk presented first findings under this award and was entitled “Distinct 
circulating immune-oncological markers in men of African descent”.  

Maeve Bailey-Whyte presented a poster at the AACR conference on the Science of Cancer 
Health Disparities, October 2-4, 2020. She presented findings from the urinary eicosanoid 
metabolites study. Her abstract was entitled “High urinary thromboxane B2 associates with 
aggressive prostate cancer and inversely correlates with aspirin use”.  
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The Ambs group submitted an invited review entitled “New Approaches to Cancer Health 
Disparity Research and Why They Matter” with Tsion Zewdu Minas, Maeve Kiely (Bailey-
Whyte), Anuoluwapo Ajao, and Stefan Ambs as authors to the journal Carcinogenesis as the 
40th Anniversary contribution, and credited the DoD award W81XWH-18-1-0588 for funding 
support. The manuscript is currently under review with the journal. We also submitted a revised 
manuscript entitled “Aspirin Use and Prostate Cancer among African-American Men in the 
Southern Community Cohort Study” to the journal Cancer Epidemiology Biomarkers and 
Prevention, with Wei Tang, Jay H. Fowke, Lauren M. Hurwitz, Mark D. Steinwandel, William J. 
Blot, and Stefan Ambs as authors. We credited the DoD award W81XWH-18-1-0588 for funding 
support because the research findings are interrelated with the work in this award, asking 
whether the anti-inflammatory drug, aspirin, can reduce prostate cancer mortality among men of 
African ancestry. We found it can. Furthermore, Tsion Minas and Maeve Bailey-Whyte are 
working on manuscripts from research described under Specific Aim 1 of the award. The 
manuscripts will be finalized with the updated National Death Index data that we just received for 
the survival analysis in the manuscripts. We expect to have two manuscripts submitted by the end 
of this year. Tsion will report differences in immune-oncology marker expression between men of 
African and European ancestry and how these differences affect immune function and survival of 
prostate cancer patients. Maeve Bailey-Whyte will report the association of urinary thromboxane 
B2, a surrogate metabolite for thromboxane A2 availability, with prostate cancer and metastatic 
disease in African-American men. 

 
7. Participants and Other Collaborating Organizations 

The following individuals have worked on the described tasks in the past 12 months. They are 
either members of the Ambs laboratory, or co-PIs (Yates and Cooks) or collaboratively worked 
with the Ambs laboratory on tasks (members of the Yates laboratory and Michael Cook). There 
are additional time commitments by the Yates laboratory and their collaborators in Nigeria, as it 
relates to tasks under Specific Aim 3, that are not captured here. Preparation of serum samples 
and FFPE tissue cores, obtaining updated patient data and generating the neighborhood 
deprivation index as well as extraction of RNA and DNA from biospecimens for shipment to the 
service providers were the major tasks for the Ambs laboratory. In addition, we began the 
analysis of data for research and have begun drafting manuscripts. 
  
Name Tsion Minas 
Project Role Postdoctoral Fellow 
Researcher Identifier  
Nearest person month worked 8 
Contribution to Project Project manager for the immune-oncology marker and 

GWAS studies; communication with service providers; 
aliquoting of serum; DNA extraction and aliquoting for 
GWAS; development of template for sample analysis 
including random distribution and blinded duplicates across 
plates; data collection for the NCI-Maryland study to 
generate the NCCN risk score for prostate cancer patients; 
QC analysis for all serum markers; data analysis for research 
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in the immune-oncology marker study and preparation of 
manuscript(s) 

Funding support NCI intramural program 
 
Name Tiffany Dorsey 
Project Role Laboratory Manager/Microbiologist 
Researcher Identifier  
Nearest person month worked 6 
Contribution to Project Key person for all biospecimen-related tasks; prepares data 

summaries and databases for all projects; communication 
with service providers; shipment of samples from repository 
to laboratory and from laboratory to service providers; 
aliquoting of serum; DNA extraction and aliquoting; 
managed processing of FFPE tumor tissues including 
samples from Nigeria: preparation of cores, review by 
pathologist, RNA and DNA extraction by NCI-Leidos; 
shipment of biospecimens to Hudson alpha for RNAseq and 
DNAseq; design of pilot study with Hudson alpha; 
supervision of Post-baccalaureate fellows  

Funding support NCI intramural program 
 
Name Maeve Bailey-Whyte 
Project Role NCI Cancer Prevention Fellow 
Researcher Identifier  
Nearest person month worked 6 
Contribution to Project Project manager for the urine metabolite study; 

communication with Eicosanoid Core Laboratory; 
troubleshooting; aliquoted urine samples; performed pilot 
study; development of template for sample analysis 
including random distribution and blinded duplicates across 
plates; QC analysis for all urine markers; data analysis for 
research in the urinary eicosanoid marker study and 
preparation of manuscript(s) 

Funding support NCI intramural program 
 
Name Margaret Pichardo 
Project Role Volunteer and PhD student in epidemiology at Yale 

University 
Researcher Identifier  
Nearest person month worked 2 
Contribution to Project She has the lead for the study with geospatial neighborhood 

data; obtained census tract data for 1990, 2000, and 2010 and 
developed neighborhood deprivation index under guidance 
by Drs. Brid Ryan and Stefan Ambs (both CCR/NCI) and 
mentors at Yale University. Linkage of census tract data to 
study participants in the NCI-Maryland; establishment of 
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database with neighborhood deprivation index for all study 
participants 

Funding support NCI intramural program and scholarship at Yale 
 
Name Anuoluwapo Ajao 
Project Role NIH Academy Post-baccalaureate fellow 
Researcher Identifier  
Nearest person month worked 1 
Contribution to Project Re-extraction of DNA 
Funding support NCI intramural program 

 
Name Jason White 
Project Role PhD student 
Researcher Identifier  
Nearest person month worked 2 
Contribution to Project Key person for all biospecimen-related tasks at Tuskegee 

University; project manager for the RNAseq and WES study 
with Hudson alpha; analyst of RNAseq and WES data (with 
mentorship by Wei Tang) 

Funding support Tuskegee University 
 
Name Wei Tang 
Project Role Associate Scientist 
Researcher Identifier  
Nearest person month worked 2 
Contribution to Project Mentor of Jason White (PhD student from Tuskegee U) 
Funding support NCI intramural program 

 
Name Balasubramanyam Karanam 
Project Role Assistant Professor 
Researcher Identifier  
Nearest person month worked 2 
Contribution to Project Key personnel for the Akoya CODEX system and lead 

researcher of immune marker spatial expression analysis in 
prostate tumors; established Akoya CODEX system at 
Tuskegee University; biospecimen management 

Funding support Tuskegee University 
 
Name Michael Cook 
Project Role Principal Investigator 
Researcher Identifier  
Nearest person month worked 1 
Contribution to Project Data analysis: Immune-inflammation markers; co-manager 

of GWAS study 
Funding support NCI intramural program 
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Name Stefan Ambs 
Project Role Principal Investigator 
Researcher Identifier ORCID ID: https://orcid.org/0000-0001-7651-9309 
Nearest person month worked 1 
Contribution to Project Project management including staff, service providers, and 

Geneva Foundation; guidance with data analysis 
Funding support NCI intramural program 

 
Name Clayton Yates 
Project Role Principal Investigator 
Researcher Identifier  
Nearest person month worked 1 
Contribution to Project Project management including staff and service providers; 

guidance with project design (Specific Aim 3): RNAseq, 
DNASeq and image analysis with Akoya CODEX system 

Funding support Tuskegee University 
 
 
Changes in active other support: We have no changes in the support for the PI or other key 
personnel to report.  
 
What other organizations were involved as partners? We have established a collaboration 
with the University of Maryland Medical School, Department of Pathology, to have a 
collaborating pathologist taking the cores from FFPE tumor blocks, supporting Specific Aim 3. 
This collaboration includes our laboratory, the Co-PI Clayton Yates, and the Department of 
Pathology at the University of Maryland. We have received additional expert advice by Dr. 
Harris Yfantis, Chief, Anatomic Pathology Section, Department of Pathology and Laboratory 
Medicine, VAMHCS. He reviewed FFPE prostate tumor tissue blocks, provided Gleason score 
assessment, and provided guidance for obtaining cores. Dr. Yfantis will receive co-authorship on 
publications related to this work. We will also share part of the generated GWAS data with a 
consortium led by Dr. Christopher Haiman, University of Southern California. This consortium 
will perform the yet largest genome-wide association study to identify novel risk loci for prostate 
cancer among men of African ancestry by combining all existing datasets from many research 
institutions including the NCI. An NCI data transfer agreement has been signed. If this analysis 
leads to a publication, funding support by the DoD award W81XWH-18-1-0588 will be 
acknowledged. The research proposed by this consortium does not overlap with research aims in 
our award. 
 
None of these partner organizations provided financial/in-kind support. 
 

8. Special Reporting Requirements 

This is a collaborative award. The initiating PI, Stefan Ambs, and the Collaborating/Partnering 
PI, Clayton Yates, will submit separate reports. Quad Chart also attached. 
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9. Appendices 

PDF of submitted manuscripts with acknowledgement the funding support by DoD award 
W81XWH-18-1-0588. 
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Abstract (word count: 190)

Cancer health disparities remain stubbornly entrenched in the US health care system. The 

Affordable Care Act was legislation to target these disparities in health outcomes. Expanded 

access to health care, reduction in tobacco use, uptake of other preventive measures and 

cancer screening, and improved cancer therapies greatly reduced cancer mortality among 

women and men and underserved communities in this country. Yet, disparities in cancer 

outcomes remain. Underserved populations continue to experience an excessive cancer 

burden. This burden is largely explained by health care disparities, lifestyle factors, cultural 

barriers, and disparate exposures to carcinogens and pathogens, as exemplified by the COVID-

19 epidemic. However, research also shows that comorbidities, social stress, ancestral and 

immunobiological factors, and the microbiome, may contribute to health disparities in cancer 

risk and survival. Recent studies revealed that comorbid conditions can induce an adverse 

tumor biology, leading to a more aggressive disease and decreased patient survival. In this 

review, we will discuss unanswered questions and new opportunities in cancer health disparity 

research related to comorbid chronic diseases, stress signaling, the immune response, and the 

microbiome, and what contribution these factors may have as causes of cancer health 

disparities.
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Introduction. Cancer death rates in the United States (U.S.) reached their high point in the 

1990s (1). They have been declining from that time on because of reduced tobacco use among 

adults, more widespread cancer screening and early detection, and improved cancer therapies 

(1). Declines in deaths from lung cancer, melanoma, and other leading cancers, like breast, 

colorectal, and prostate cancer, account for much of the advances in reducing the U.S. cancer 

mortality. These improvements are more pronounced among younger than older Americans 

(2). Nevertheless, cancer health disparities persevere. In this review, we will first summarize our 

understanding of cancer health disparities in the U.S. and abroad and then evaluate the 

contribution that comorbid chronic diseases, chronic stress exposure, population differences in 

immune response, and a dysbiosis may have as causes of these disparities (Figure 1). The 

advent of COVID-19 infections reinforced the notion that diseases other than cancer influence 

cancer survival and may contribute to an excessive mortality in underserved communities.

Cancer health disparities in the United States and globally. Cancer disparities continue to 

persist across geographic areas, socioeconomic strata, and different racial and ethnic groups. 

Rural communities experience higher death rates from lung, cervical, and colorectal cancers 

than urban communities because of poverty, health risk behavior, and lower vaccination and 

screening rates (3), consistent with the widening disparity in life expectancy between rural and 

urban areas (4). 

Low educational attainment is an indicator of socioeconomic deprivation and strongly 

correlates with elevated all-cause death rates in the general population. 40 to 50% of all pre-

mature deaths might not occur if all segments of the U.S. population would experience the 
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death rates of college graduates (5). Socioeconomic status is key determinant of cancer 

mortality as well. About a quarter of all cancer deaths may not occur if all Americans were 

college-educated (6). Cancer survival increases with higher socioeconomic status for all U.S. 

racial and ethnic groups (7). Yet, socioeconomic patterns in cancer mortality have changed 

markedly over time (8). Into the 1980s, socioeconomic status positively correlated with U.S. 

cancer mortality rates, showing a higher risk of cancer deaths among the affluent. This 

correlation has now turned into the opposite direction, with affluent Americans being less likely 

of dying from cancer because of advances in disease prevention, early cancer detection, and 

cancer therapy that benefit patients with private health insurance more so than others. 

Presently, socioeconomic inequalities contribute most strongly to the excess mortality from 

lung, colorectal, cervical, stomach, and liver cancer among Americans who live in deprived 

areas (8). While the prostate cancer mortality did not vary much by socioeconomic status in the 

past, an inverse socioeconomic gradient appears now to exist (8,9). Neighborhood 

socioeconomic deprivation can further be linked to shortened telomere length, an indicator of 

pre-mature aging and cancer risk (10,11).  

Global disparities in cancer incidence and mortality rates are evident for most cancer 

sites and indicate socioeconomic inequalities and significant differences in risk factor exposure 

(12). Rates of cancers including breast, colorectal, and prostate vary greatly between high-

income and low-income countries, geographic areas, and race/ethnic groups. Differences in 

health care and modifiable risk factor exposure are major drivers of these global disparities, as 

shown by migration studies for breast and other cancers (13-15). Lung cancer is the leading 

cause of cancer death worldwide but is prominently under-represented in sub-Saharan Africa 
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because of a low smoking prevalence. Prostate cancer is the most common cancer among men 

worldwide but shows large geographical differences in occurrence, with low incidence rates in 

East Asia and high rates in Western countries. With the westernization of diets in East Asia, the 

incidence difference has narrowed. Notably, prostate cancer is the leading cause of cancer 

death among men in sub-Saharan Africa and the Caribbean (16), which led to the hypothesis 

that genetic ancestral factors may predispose men of sub-Saharan African ancestry to prostate 

cancer and a more aggressive disease. Recent findings are consistent with this hypothesis (17-

20). Cervical cancer is a major cause of cancer deaths among women in sub-Saharan Africa and 

South-East Asia because of human papillomavirus (HPV) infections and delayed disease 

detection. Stomach and esophageal cancer are two other cancers with high incidence and 

mortality rates in Eastern Asia. Helicobacter pylori and salted foods are major risk factors for 

stomach cancer. This cancer is particularly common on the Korean peninsula due to a 

combination of regional dietary risk factors and chronic Helicobacter pylori infections whereas 

Malawi in Eastern African is especially impacted by esophageal cancers, having the highest 

global disease rates due to factors that have yet to be identified. Lastly, the burden of liver 

cancer is greatest in Northern and Western Africa and South East Asia and is a primary cause of 

cancer death in Mongolia. Chronic hepatitis B & C virus infections and exposure to aflatoxin are 

key causes of the disease in these areas while heavy alcohol use and non-alcoholic fatty liver 

disease are drivers of the increasing liver cancer incidence in many high-income countries. 

Large differences in cancer incidence and mortality do also exist between U.S. 

population groups (1,2). These disparities are largely explained by differences in access to 

health care, diet, lifestyle, cultural barriers, and disparate exposures to pathogens and 
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carcinogens (21,22). Disparities in liver cancer occur across U.S. states and race/ethnic groups 

(23,24). This cancer affects American Indians/Alaska Natives, American Asians, and Hispanic 

Americans more so than African Americans and European Americans. American Indians/Alaska 

Natives have the lowest 5-year cancer survival across all cancer types and experience elevated 

rates for many malignancies and major risk factors, like comorbid conditions, when compared 

to European Americans (1,25,26). In contrast, Hispanics/Latinos and Asian Americans tend to 

have lower cancer incidence rates than other U.S. population groups. Asian Americans, by 

themselves a rather heterogenous population group, have the lowest cancer-specific mortality 

by reasons that are yet unclear but may relate to better treatment responses (27). Among 

Hispanics/Latinos, infection-related cancers are over-represented and women and men are 

more likely to be diagnosed with late stage cancer when compared to U.S. European Americans 

(23). While prostate cancer is generally less common among Hispanic/Latino men, it is the 

leading cause of cancer death among men in Puerto Rico, indicating heterogeneity in cancer 

risk within the Hispanic population. African Americans disproportionately bear the cancer 

burden and have the highest death rates from malignancies of the breast, gastrointestinal tract, 

lung, and prostate, and develop multiple myeloma more commonly than other population 

groups (21,28). Reasons of why these specific cancer disparities exist have been extensively 

reviewed (29-35). Therefore, they will not be the focus of this review. Nonetheless, cancer risk 

profiles among African Americans are not uniform and vary whether they are Sub-Saharan 

African-, Caribbean-, or U.S.-born (36,37). African Americans have an excess risk of developing 

early onset cancer, which is reminiscent of disease presentation in Africa (38); however, African 

populations and African Americans in the U.S. are generally younger than the U.S. European 

Page 6 of 38Carcinogenesis

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review

7

American population which may bias cancer-onset comparisons (39). In recent years, cancer 

incidence and death rates declined faster among African Americans than European Americans, 

a very positive development that is mainly due to reductions in lung, colorectal, and prostate 

incidence and mortality (2,28). Barriers still exist and current lung cancer screening guidelines 

may often exclude African American smokers at increased risk of lung cancer (40). Moreover, 

men of African ancestry continue to have 2-3-times higher absolute rates of fatal prostate 

cancer in both the U.S. and England (41). 

The differences in cancer survival between U.S. race/ethnic groups and their underlying 

causes have been investigated. This research showed that disparities in stage at diagnosis may 

have the largest contribution to these survival disparities, followed by socioeconomic factors 

and marital status as other key contributing factors (42,43). The importance of marital status 

suggests that social isolation and stress may contribute to racial/ethnic disparities.

Influence of sex and gender on cancer risk and outcomes. Sex and gender are modifiers of 

health and contribute to disparities in disease development and outcome (44). Men are at an 

increased risk of dying from cancer (1,2). Many non-reproductive cancers show a 2:1 male 

predominance worldwide. Sex hormone signaling and Y chromosome-encoded oncogenes are 

drivers of sex- and gender-related cancer disparities. Sex differences in cancer genetics have 

been recognized (45). The androgen receptor has key roles in the progression of liver diseases 

like fatty liver, cirrhosis and liver cancer, consistent with a 2:1 to 7:1 male predominance in the 

liver cancer incidence globally (46). The response to cancer therapy may differ between women 

and men. For example, the therapy benefit from immune checkpoint inhibitors is sex-
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dependent and these therapies provide more benefit to men (47). Although sex is a well-

established modifier of cancer risk, the biology of sex-related cancer disparities remains 

incompletely understood. Nonetheless, it has been recommended that clinicians should 

consider sex and gender in their approach to diagnosis, prevention, and treatment of diseases 

(44). To end with, there are also cancer health disparities related to sex behavior. For example, 

anal cancer incidence rates are increasing in both men and women across the globe and will 

require population-based preventive measures including advocacy for safe sexual behaviors 

and human papillomavirus vaccination (48).  

Impact of Affordable Care Act on cancer health disparities. A survival disparity for African 

American men with prostate cancer exists in the U.S. population, but is not observed in clinical 

trials or for men served by the Veteran Affairs equal-access health care system (49), 

highlighting the importance of equal access to health care in reducing cancer health disparities. 

Furthermore, insurance status provides the single most protective effect against the diagnosis 

of metastatic cancer (50). In 2010, the Patient Protection and Affordable Care Act, also termed 

“the Affordable Care Act”, was signed into law. Its primary goal was to improve health 

insurance coverage (51). The preliminary impact of this legislation has now been assessed. 

Disparities in the percentage of uninsured patients have been diminished in Medicaid 

expansion states under the Affordable Care Act (52-54). Americans living in areas of greater 

deprivation and rurality still have lower rates of recommended cancer screening than others 

(55). With the Affordable Care Act, however, colorectal cancer screening uptake seems to have 

increased, albeit modestly (56), yet race/ethnic disparities persist (57). On the other hand, 
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Medicaid expansion shows consistent relationships with lower odds of having either advanced 

stage or metastatic cancer at diagnosis among low-income Americans (52,53,58). It also 

increased care affordability among cancer survivors in Medicare expansion states, but not in 

nonexpansion states, and increased utilization of cancer surgery by low-income Americans 

(54,59). Still, race/ethnic disparities remain (59), and Medicaid expansion may not have 

lowered the disparity in breast cancer mortality between African American and European 

American women (60). With the continuation of an impact by the Affordable Care Act on both 

secondary prevention of cancer and cancer care, future analyses of Surveillance, Epidemiology, 

and End Results (SEER) program data should provide more clarity to what extent the Affordable 

Care Act has reduced cancer survival health disparities in low-income communities and across 

race/ethnic groups.

Chronic diseases modify cancer risk and survival and contribute to health disparities. 

Comorbidities in cancer patients are chronic diseases that commonly co-occur with cancer 

because of shared risk factors (61). Common comorbid diseases include obesity, diabetes and 

metabolic syndrome, cardiovascular, liver, and autoimmune diseases, chronic infections, but 

also dysbiosis and neurological and stress-related disorders. They influence cancer diagnosis, 

tumor biology and metastasis, and the utilization of cancer therapy. Comorbidities do not affect 

all segments of the US populations equally. American Indians and African Americans have 

significantly higher rates of comorbidities, when compared to other U.S. population groups 

(25). Four of these comorbidities, obesity, diabetes, chronic kidney disease, and hypertension, 

contribute disproportionally to the mortality disparity between African Americans and 
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European Americans. Although not a chronic condition, COVID-19 infections have recently been 

associated with an excessive mortality among African Americans (62) and cancer patients (63).

Diabetes, hyperinsulinemia, and obesity are closely related comorbid conditions. They 

are all cancer risk factors (64,65). Because these conditions are more prevalent in underserved 

and minority populations, one would predict that they contribute to a disproportionate cancer 

burden in these communities. However, the evidence that link comorbidities to cancer health 

disparities remains rather sparse, partly because these investigations were either not done or 

focused on only few comorbid conditions. Diabetes approximately doubles the risk for liver and 

pancreas cancer and is additionally associated with the risk of breast, colorectal, endometrial, 

esophageal, and gallbladder cancer (64,66). Diabetes-related advanced glycation end products 

have been linked to a cancer health disparity (67). Diabetes is thought to promote cancer 

development and progression through insulin and insulin-like growth factor signaling, oxidative 

stress, and excessive inflammation (68). This comorbidity is excessively high among African 

Americans and in the Hispanic/Latino community (25,69). Insulin resistance and the metabolic 

syndrome have been found to contribute to disparities in breast cancer outcomes between 

African American and European American women (70,71). Diabetes also increases the risk of 

pancreatic cancer in African American and Hispanic/Latino (72), however, the data do not 

indicate that the conferred risk is higher in these two population groups than in European-

Americans.

Comorbidities are associated with an elevated cancer mortality. They impede the 

participation of cancer patients in clinical trials and adversely affect trial participation (73). 

Accordingly, clinical trial participation of U.S. minorities remains low (74,75), which may partly 
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relate to barriers in enrollment due to comorbidities. The presence of a comorbidity will 

influence treatment selection and the use of surgery and chemotherapy (76,77). Cancer 

patients with a comorbidity are generally less likely to receive curative treatment than those 

without the comorbidity (78). These deaths are preventable with lifestyle changes and other 

intervention strategies that target these chronic diseases. Moreover, the negative impact of 

comorbidities on cancer outcomes tends to increase with the number and severity of the 

comorbidities. Their impact is generally larger for cancers that have otherwise better survival. 

Thus, future cancer health disparity research should develop an increased focus on 

comorbidities and how they contribute to existing U.S. cancer outcome disparities. 

Mechanisms linking stress exposure to cancer metastasis and survival and disparate 

outcomes. The concept of a public health exposome was developed for targeted community 

health intervention and includes exposure to stressors, their signaling, and the causes of the 

stress exposure (79). Posttraumatic stress because of a cancer diagnosis may disproportionally 

affect minority populations (80). Social adversity in early life can lead to decreased 

glucocorticoid and increased pro-inflammatory signaling in humans (81). Intrauterine stress 

exposures associate with a shortened telomere length in young adulthood (82), which may 

predispose these individuals to premature aging and cancer. Perceived experiences of racism 

show relationships with breast cancer and cancer-promoting health behaviors, such as 

increased tobacco and alcohol consumption (83,84). In breast tumors, social isolation may lead 

to reprogramming of tumor biology (85,86). Thus, stress exposures may alter cancer 

susceptibility and disproportionally affect socially deprived and minority populations (Figure 2). 
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Behavioral comorbidities (e.g., depression, fatigue, anxiety, cognitive impairment) are 

prevalent in cancer patients and a target for therapy (87). Cancer patients have higher rates of 

depression than most Americans (88). Major depression affects about 5% to 8% of the U.S. 

population but approximately 15% of cancer patients. Race- and gender-based discrimination 

and social isolation of the elderly are common events and create chronic stress exposures in 

affected individuals. Chronic stress and depressive disorders are associated with an increased 

cancer mortality (89-91). They are cancer risk factors and have been linked to elevated 

concentrations of circulating pro-inflammatory cytokines and chemokines (87-89). 

Stress exposures and depression transduce their biological effects through the 

hypothalamic-pituitary-adrenal axis. This signaling pathway is characterized by hypersecretion of 

the corticotrophin-releasing hormone and activation of the peripheral autonomic and 

sympathetic nervous system, which has direct effects on tumor biology and immune response, 

promoting inflammation, angiogenesis, mesenchymal differentiation, and metastasis (92). 

Chronic stress influences tumor biology through two major pathways involving catecholamines 

(adrenaline, noradrenaline) and glucocorticoids (93). Socially isolated ovarian cancer patients 

were found to have elevated tumor noradrenaline levels (94). In mouse models of ovarian and 

breast cancer, chronic stress promotes invasive tumor growth and metastasis in a β-adrenergic 

signaling-dependent manner (95-97). Here, catecholamines activate β-adrenergic signaling in 

cancer cells and tumor-associated macrophages (92,96), leading to a pro-metastatic tumor 

microenvironment. Consistent with these observations, a pro-metastatic niche has been 

described for breast tumors from socially isolated women (98) and a decrease in chronic 

depression may slow metastasis in breast cancer patients (99). In other studies, social stress was 
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found to up-regulate inflammatory gene expression in monocytes through β-adrenergic signaling 

(100). Likewise, African Americans with exposure to racial discrimination showed up-regulation 

of these genes (101).

Social isolation may contribute to racial and ethnic differences in cancer survival. Ellis et 

al. reported that marital status is a contributing factor to these survival disparities (43). Being 

married provides a survival benefit while being unmarried, a surrogate for social isolation, is a 

risk factor. There are other studies that link stress exposure and β-adrenergic signaling to cancer 

survival. β-adrenergic receptor expression may predict a poor prognosis for breast cancer 

patients (102). β-blocker use after a disease diagnosis reduces disease recurrence and improves 

survival of breast cancer patients (103), while regular users of the β-blocker, propranolol, are less 

likely to develop advanced breast cancer and have a reduced breast cancer-specific mortality 

(104). Beta-blocker use has been associated with improved recurrence-free survival in triple-

negative breast cancer as well (105). Together, these data indicate that stress may alter breast 

cancer biology through activation of the pro-metastatic catecholamine pathway, leading to an 

aggressive disease in a subpopulation of patients who would benefit from stress management. 

Lastly, a high prevalence of major depression has been reported for African American men with 

prostate cancer (106). This condition and other social stress exposures may predispose these 

men to aggressive disease as it has recently been shown that stress-related signaling pathways 

are up-regulated in prostate tumors that progressed into lethal disease (107). In summary, it is 

well documented that stress exposures, which impact underserved and minority communities 

more so than affluent communities, can adversely affect tumor biology, cancer survival, and 

quality of life of cancer patients (Figure 2). Yet, a knowledge gap persists. Still few studies have 
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examined the impact of various stress exposures in minority and socially deprived communities 

using large and well-designed studies. These studies should be conducted as the detrimental 

impact of chronic stress and depression in cancer patients is preventable using community 

engagement, psychosocial support, and therapies like β-adrenergic blocking agents. 

Ancestry and population differences in immune response as underlying factors of cancer health 

disparities. Differences in pan-cancer mitochondrial function were found to distinguish African 

American from European American cancer patients, suggesting an ancestral link (108). Recent 

observations have shown that population differences in genetic ancestry can contribute to 

population differences in cancer susceptibility (17,18,109-111). Genetic ancestry and natural 

selection are underlying causes of population differences in immune response to pathogens 

(112,113). Those differences may relate to cancer (35,114). Relationships of ancestry with 

expression levels of inflammatory cytokines are evident in human populations (115,116). These 

differences may contribute to lung cancer disparities (117,118). Two studies investigated gene 

expression variations between subjects of European and West African ancestry using 

lymphoblastoid cell lines (119,120) and observed that these variations can cluster in cancer-

related pathways and influence pathway signaling. Thus, genetic differences among population 

groups may lead to population-specific susceptibilities for common diseases, like cancer, because 

of their effect on the transcriptome (111,121).

One mechanism by which ancestry-related factors affect cancer outcomes is by inducing 

an adverse tumor biology (122). Research has now documented that tumors from patients of 

either African, Asian, or European descent show notable differences in acquired somatic 
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mutations (123). Two large studies investigated the relationship of African and European 

ancestry with mutational signatures and gene expression across 33 cancer sites in the Cancer 

Genome Atlas (TCGA) database and reported associations of African ancestry with somatic 

mutations that tended to be cancer type-specific (124,125). At a pan-cancer level, the 

mutational burden of tumors and associated signatures were not significantly different 

between patients from these two ancestries, nor were there significant differences in 

chromosome arm-level copy number alterations. TP53 mutations were enriched in African 

American patients in a subset of cancers, most notable in breast cancer, whereas genomic 

alterations in genes of the phosphatidylinositol 3-kinase pathway were less frequent in this 

patient group. After adjusting for tumor subtype differences between African American and 

European American patients, few significant associations between ancestry and either tumor 

somatic mutations or chromosomal aberrations remained (125). Notably, mutations in the 

gene, FBXW7, showed a pan-cancer association with African ancestry. FBXW7 is a tumor 

suppressor gene that is involved in the proteasome-mediated degradation of many 

oncoproteins such as cyclin E, c-Myc, Mcl-1, mTOR, Jun, Notch and AURKA (126). Mutations in 

other genes, such as VHL, PBRM1, HRAS, and NFE2L2, showed only cancer-specific associations 

with ancestry. 

Other investigators focused on specific cancer types, such as breast, colorectal, lung and 

prostate cancer. The breast cancer studies reported an overall increased mutation frequency, 

and specifically for TP53, and fewer PIK3CA mutations in African American and Nigerian 

women, together with an over-representation of triple negative breast tumors among these 

women (127,128). The latter is consistent with many previous reports (38,129). Breast tumors 
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from Nigerian women were also characterized by the occurrence of GATA3 mutations and a 

homologous recombination deficiency signature. A smaller study of triple-negative breast 

tumors that applied whole genome sequencing identified the over-representation of CTNNA1 

deletions in African American patients (130). Among patients with colorectal cancer, African 

Americans seem to acquire KRAS, EPHA6, and FLCN mutations more frequently than other 

patients whereas APC loss-of-function and oncogenic BRAF mutations may manifest less 

frequently in their tumors (31,131-133). Lung cancer is the most fatal cancer and is highly 

heterogenous as a disease and presents with geographic differences in acquired mutations and 

the therapeutic response of lung cancer patients (29). Mutations in the gene encoding the 

epidermal growth factor (EGFR) are generally more prevalent in non-small cell lung tumors 

from smokers and nonsmokers of East Asian ancestry (134,135) whereas mutations in KEAP1 

and CDC27 are over-represented in lung adenocarcinomas from patients of European ancestry 

when compared to East Asian patients, independent of smoking history (135). Furthermore, 

lung adenocarcinomas from European ancestry patients featured a comparatively high genomic 

instability score, perhaps explaining some of the reported ethnicity-related differences in 

survival outcome among non-small cell lung cancer patients (136). Research into racial/ethnic 

differences in lung cancer mutational profiles has been extended to African Americans. While 

one study did not find significant differences between African American and European 

American lung cancer patients (137), another study discovered the distinct occurrence of PTPRT 

and JAK2 mutations in lung adenocarcinomas among African Americans and their association 

with increased STAT3 signaling (138). 
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The most prominent population differences in tumor biology have been reported for 

prostate cancer. This disease can be classified into subtypes, such as those with ETS-fusion gene 

arrangements and other subtypes that are negative for ETS-fusion gene arrangements and either 

overexpress the SPINK1 oncogene or carry a SPOP mutation (139,140). Localized prostate cancer 

contains few recurrent mutations in oncogenes (e.g., ETS gene fusions) or tumor suppressor 

genes (141,142). Instead, prostate tumors are characterized by recurrent allelic gains of the MYC 

gene and deletions of the PTEN, TP53, and NKX3-1 tumor suppressors, with additional common 

changes in DNA methylation that increase aggressiveness (143,144). Multiple reports have now 

shown that prostate tumors from patients of either European, African, or Asian descent exhibit 

notable differences in acquired chromosomal aberrations (e.g., ERG fusion events and PTEN loss) 

and subtype distribution (140,145-147), indicating disparities in disease etiology and mutational 

events among these population groups. Chinese prostate cancer patients were found to acquire 

mutations in FOXA1 at a high frequency (41%) (147). By contrast, this gene is mutated at <10% in 

European-ancestry populations. Comparing African American (AA) with European American (EA) 

patients in TCGA, significant differences were observed in the frequency of TMPRSS2-ERG fusions 

(29.3% AA vs. 39.6% EA), SPOP mutations (20.3% AA vs. 10% EA), and PTEN deletions (11.5% AA 

vs. 30.2% EA), consistent with other studies in the United States and Africa (140,148-150). The 

application of whole genome sequencing to the disease in African men, currently performed on 

only few tumors (151), should provide further insight into the etiology of prostate cancer in 

Africa. Currently, we do not know how the disease in Sub-Saharan Africa relates to the disease in 

men of African ancestry in the United States, the Caribbean, or in European and South American 

countries. However, whole genome sequencing already revealed an elevated tumor mutational 
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burden in prostate cancer patients from South Africa and the frequent loss of the LSAMP locus in 

African American patients  (151,152).

As a key discovery of the study of prostate tumors in African American men, Wallace et 

al. were the first to describe a prevalent immune-inflammation signature in prostate tumors of 

African American patients (153), followed by others (154). This finding has been validated in TCGA 

(124). The signature contains elements of a viral mimicry signature and could be functionally 

related to the previously describe interferon-related DNA damage resistance signature, also 

termed IRDS (155,156). Thus, tumors with this signature may not respond as well to radiation 

and chemotherapy as tumors without the signature, as was shown for breast cancer (156). Yet, 

these tumors may have an improved response to immunotherapies, and specifically to cancer 

vaccines, and perhaps ADAR1 inhibitors (157). In agreement with our hypothesis, Sartor et al. 

recently reported that African American men with metastatic castration-resistant prostate 

cancer who were treated with the cancer vaccine, Sipuleucel-T, in the PROCEED trial had 

significantly better survival than the European American patients (158). Our group explored the 

link between regular use of aspirin and prostate cancer in African American men and found that 

regular aspirin use significantly reduces the risk of both advanced prostate cancer and disease 

recurrence in these men (159). The finding is consistent with a similar observation in a previous 

study (160) and the hypothesis that inflammation is a driver of tumor biology in African American 

men. There is only a weak association of the immune-inflammation signature with previously 

described germline genetic risk loci for prostate cancer (124); however, we described a significant 

relationship with the presence of the interferon-4 ΔG genotype that is common in West African 

ancestry populations and influences the host viral response (121,155). The precise origin of the 
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signature remains poorly understood and may include an infection history in the context of the 

interferon-4 ΔG genotype (161), dietary factors (162), or changes to the epigenome, 

manifesting in the re-activation of endogenous retroviral sequences (163,164). We described up-

regulation of HERV-K retroviral sequences in African American prostate cancer patients (163). In 

addition, a pro-inflammatory diet that associates with high-grade prostate cancer is more 

commonly consumed by African American than European American men (162). 

The presence of a distinct immune-inflammation signature has been reported for breast 

tumors in African American patients as well. Such a signature describes a subset of triple-negative 

breast tumors (165). Recruitment of tumor-associated macrophages is elevated in breast tumors 

of African and African-American women, as described by us and others (166-169). Moreover, 

Martin et al. observed an increased microvessel density in these tumors (166). An elevated tumor 

vascularization in African-American breast cancer patients was confirmed by Lindner et al. (170). 

Tumor angiogenesis correlates with breast cancer metastasis and poor survival (171). In Nigerian 

breast cancer patients, a prominent interferon signature was detected in luminal-type tumors 

whereas macrophage infiltration was more commonly observed in the basal subtype tumors 

(128). Hence, current data suggest that inflammation-induced breast cancer progression could 

be more prevalent in patients of African descent and may relate to increased inflammatory 

cytokine levels in these women (116,122). 

Microbiome and cancer health disparities: impact of geography, ethnicity, and genetics on 

the human microbiome composition. The gut microbiome affects human health (172,173). A 

dysbiosis can increase cancer risk and modify the cancer therapy response (174-177). Diet and 
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genetics shape the gut microbiome (178-180) and may contribute to cancer health disparities 

through their effects on the gut microbiome (Figure 3). Likewise, comorbidities may confer 

their cancer risk through effects on the gut microbiome (181,182). Hence, there is evidence that 

a dysbiosis can be a cause of cancer (175). An altered microbiome and the accumulation of 

microbiome-derived metabolites have been reported for various human cancers (183-185). 

Alterations to the human microbiome can induce an aggressive tumor biology (186), linking the 

microbiome to cancer survival outcomes. 

Geographic location and ethnicity strongly associate with the diversity of the gut 

microbiome (187,188) although geography (e.g., rural vs. urban) usually confers a larger effect 

than ethnicity (189,190). Dissimilarities in the gut microbiota among ethnic groups with a 

shared environment have been reported, as shown for Amsterdam, a city in the Netherlands 

(188). Here, the gut microbiome diversity was significantly associated with ethnicity. Other 

factors, besides ethnicity, influenced the microbiome diversity. Nevertheless, ethnicity was the 

strongest determinant of gut microbiome diversity in models that included other non-dietary 

and dietary factors. Similarly, a U.S. study reported that ethnicity captures the gut microbiome 

with a stronger effect size than body mass, age, and sex, albeit the effect of all these factors 

was not as impactful as geographic location (190). Microbial community richness was greatest 

in Hispanics and decreased further from European Americans to Asian-Pacific Islanders to 

African Americans. However, the authors pointed out that there is more similarity than 

dissimilarity in the gut microbiome between the four studied U.S. population groups, thus the 

differences were comparably small. In addition, ethnicity may influence only a subset of the gut 

microbiome while other microbiome components remained unrelated to the ancestral 
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background. Lastly, immigrants into the United States acquire a “westernized” gut microbiome 

(191), which is reminiscent of findings from migration studies that immigrants tend to acquire 

cancer rates of their new home country within two generations (14,192).

Cancer health disparity research has just begun to investigate the contribution of the 

microbiome to disparities in cancer risk and survival. Observations are sparse and validation of 

findings is non-existent. Differences in both the oral and vaginal microbiome have been 

reported comparing subjects of African and European descent (193,194). These studies did not 

include cancer patients. An exploratory investigation reported a rich bacterial content in high-

risk prostate tumors from 6 men of South African ancestry when compared to 16 Australian 

men (195). In a study of breast cancer, differences in the breast tumor microbiome were 

observed comparing African American with European American women. Only 12 of the 64 

tumors in the study came from African American women. Previously, the microbiome of breast 

tumors has been described from TCGA data but a separate analysis of African American tumors 

was not performed (196). Lastly, a large study of the non-cancerous colonic mucosa from 197 

African Americans and 132 European Americans with or without colorectal cancer described a 

robust association of sulfidogenic bacteria with being African American, regardless of disease 

status (197). Abundance of these bacteria have previously been linked to diet (198) and the up-

regulation of these bacteria in the African American study participants might have been related 

to their high intake of dietary fat and protein, as the authors concluded. 

As shown by these few studies, cancer disparity-related differences in the gut, oral, and 

vaginal microbiome may exist. Future investigations are needed to assess the microbiome as an 

underlying factor or potential driver of cancer health disparities.
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Conclusions and Outlook

Minority, immigrant, and other underserved populations continue to experience an excessive 

cancer burden not only due to barriers in access to health care, but also because of disparate 

exposure to carcinogens, pathogens, co-morbidities, environmentally induced stress, and 

ancestry-related risk factors (Figure 1). These factors, singularly or in combination, are the likely 

causes of cancer health disparities in the U.S. and globally. There is convincing evidence from 

migration and epidemiological studies that the environment defines cancer risk but there is also 

indication that population differences in genetic ancestry can lead to population differences in 

cancer susceptibility. 

Genetic ancestry and natural selection are underlying causes of population differences 

in immune response. Those differences may relate to cancer risk and therapy response. Current 

data suggest that inflammation-induced cancer progression could be more prevalent in patients 

of African descent, manifesting in a distinct tumor immune environment. Inflammation-induced 

cancer progression can be targeted by therapy. Tumors with an immune-inflammation 

signature may respond favorably to immune therapy. 

Comorbidities influence cancer diagnosis, tumor biology and metastasis, and the 

utilization of cancer therapy. Many comorbidities are cancer risk factors. They do not affect all 

segments of the US populations equally. Because these conditions are more prevalent in 

underserved and minority populations, one would predict that they contribute to a 

disproportionate cancer burden in these communities. Yet, the evidence that link comorbidities 

to cancer health disparities remains sparse. Thus, future cancer health disparity research should 

develop an increased focus on cancer comorbidities. 
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Chronic stress and depressive disorders are associated with an increased cancer 

mortality and directly influence tumor biology (Figure 2). Chronic stress after a cancer diagnosis 

may disproportionally affect minority populations. Likewise, social isolation and perceived 

experiences of racism show relationships with cancer-promoting health behaviors and cancer 

development. Thus, stress exposures may alter cancer susceptibility and disproportionally 

affect socially deprived and minority populations. Still, few studies have examined the impact of 

these exposures in minority and socially deprived communities using large and well-designed 

studies. These studies should be conducted as the detrimental impact of chronic stress and 

depression in cancer patients is preventable using community engagement, psychosocial 

support, and therapeutic approaches. RESPOND is such study that focuses on prostate cancer 

among African American men and investigates the impact of social stress 

(https://respondstudy.org/). 

Geographic location and ethnicity strongly associate with the diversity of the gut 

microbiome (Figure 3). Recent advances have shown that the microbiome is causatively linked 

to cancer.  A dysbiosis can increase cancer risk and modify cancer therapy response. Diet and 

genetics shape the gut microbiome and may contribute to cancer health disparities through 

their effects on the gut microbiome. Cancer disparity-related differences in the gut, oral, and 

vaginal microbiome may exist. Future investigations are needed to assess the microbiome as an 

underlying factor or potential driver of cancer health disparities.
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Figure legends

Figure 1. Comorbid chronic diseases, stress exposure, population differences in immune 

response, and dysbiosis are factors that contribute to cancer health disparities.

Figure 2. Stress exposure over the life course and its potential impact on socially deprived and 

minority populations.

Figure 3. Diet, geographic location and ethnicity strongly associate with the diversity of the gut 

microbiome and may increase the risk of dysbiosis, a cancer risk factor.
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Figure 1. Comorbid chronic diseases, stress exposure, population differences in immune response, and 
dysbiosis are factors that contribute to cancer health disparities. 
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Figure 2. Stress exposure over the life course and its potential impact on socially deprived and minority 
populations. 
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Figure 3. Diet, geographic location and ethnicity strongly associate with the diversity of the gut microbiome 
and may increase the risk of dysbiosis, a cancer risk factor. 
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Abstract (word count: 249) 

Background: The association of aspirin use with prostate cancer has been investigated but few 

studies have included African American men. Here, we analyzed the relationship of aspirin intake 

with prostate cancer risk and mortality among African American men in the Southern Community 

Cohort Study (SCCS), a large prospective cohort study that investigates causes of cancer health 

disparities. 

Methods: SCCS recruited 22,426 African American men between 2002 and 2009. During follow-up, 

1058 men developed prostate cancer including 103 prostate cancer-specific deaths. Aspirin use was 

assessed at time of enrollment. Our exposures of interest were any aspirin use (regular strength, 

low-dose or baby aspirin, or half tablets of aspirin) and regular strength aspirin. Each exposure 

variable was compared with non-users. Associations between aspirin use and prostate cancer risk 

and mortality were examined with Cox proportional hazards models. 

Results: At enrollment, 5486 men (25.1%) reported taking any aspirin and 2634 men (12.1%) 

reported regular strength aspirin use. Aspirin use at enrollment was not associated with prostate 

cancer development but was suggestively associated with a reduced prostate cancer mortality 

[adjusted hazard ratio (HR) = 0.66, 95% confidence interval (CI): 0.39 to 1.14 for any aspirin use; HR 

= 0.41, 95% CI: 0.17 to 1.00 for regular strength aspirin use].  

Conclusions: Aspirin use at enrollment was tentatively associated with a reduced prostate cancer 

mortality but not risk among African American men in SCCS. 

Impact: Prospective data from SCCS suggest that aspirin use may help prevent prostate cancer 

mortality among this high-risk group of men. 
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Introduction 

Men of African ancestry have an excess risk of developing and dying from prostate cancer (1-6). We 

have had limited success in reducing this health disparity. Our group and others previously 

described an immune-inflammation signature that is prevalent in prostate tumors of African 

American men but absent in most European American men (7-12). This gene signature associated 

with an increased risk of recurrent disease (11), suggesting that potential inhibitors of this 

inflammation-related signature, such as an anti-inflammatory drug like aspirin, may prevent 

prostate cancer progression in African American men. In agreement with the hypothesis, we 

reported that aspirin use at time of disease diagnosis was associated with fewer cases having 

advanced stage prostate cancer and a lower risk of disease recurrence among African American 

men in the NCI-Maryland Prostate Cancer Case-Control Study (13). There have been numerous 

studies investigating the association of regular aspirin intake with prostate cancer risk (14-17) and 

disease mortality and survival (18-21) among European-American men, with several reporting an 

association with reduced mortality, but few studies have included African American men. Here, we 

pursued the hypothesis that use of aspirin prior to a disease diagnosis reduces prostate cancer risk 

and mortality among African American men in the Southern Community Cohort Study (SCCS), a 

large cohort study that prospectively recruited low-income and predominately African American 

participants to investigate the causes of cancer health disparities (22).
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Materials and Methods  

Southern Community Cohort Study. SCCS focused on the recruitment of a low-income, 

predominantly African American population from a 12 state area of the Southeast (22). 

Accordingly, 59% of the recruited African American men came from households with less than 

$15,000 of annual household income and 21% from households with annual incomes between 

$15,000 and $25,000 at time of recruitment (23). Recruitment began in March 2002 and was 

completed in September 2009. Informed consent was obtained from all study participants, and the 

study was approved by the Institutional Review Boards of the involved institutions. Participants 

were asked to complete an in-person interview at enrollment. About 85,000 men and women aged 

40 to 79 were recruited into this study. To obtain follow up data on cancer development, 

procedures for data linkage, processing, and quality control were established with the 12-state 

cancer registries covering the SCCS catchment area (Alabama, Arkansas, Florida, Georgia, Kentucky, 

Louisiana, Mississippi, North Carolina, South Carolina, Tennessee, Virginia, and West Virginia). 

These registries provide the primary source of identifying incident cancer diagnoses and disease 

characteristics. Information on disease staging followed the 7th edition of the American Joint 

Committee on Cancer (AJCC) TNM system for clinical stage, abbreviated as I - IV. We defined 

aggressive prostate cancer as Stage IV or N1 or M1 by AJCC, or Gleason score ≥ 8 (high grade). 

Cohort member deaths were identified through annual linkages with both the Social Security 

Administration and the National Death Index (NDI). For the current study, SCCS state cancer 

registries reporting was completed through 12/31/2016 and NDI reporting through 12/31/2018. 

We examined the SCCS dataset for all self-reported African American men (n = 22,426). Of these 

men, 1058 developed prostate cancer. During the study follow-up, a total of 6627 deaths occurred 
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including 103 prostate cancer-related deaths as defined by International Classification of Diseases 

10th criteria using NDI data.  

Assessment of aspirin use. We pursued two exposures of interests, any aspirin use and regular 

strength aspirin use. The SCCS baseline survey evaluated aspirin use with the following questions: 

(i) In the past year, have you taken the following medication regularly? By regularly, we mean at 

least two times per week for one month or more: Regular aspirin (such as Anacin, Bayer, Bufferin, 

Excedrin, etc.) with No or Yes; low-dose aspirin, baby aspirin, or half tablets of aspirin with No or 

Yes. (ii) How many years have you taken this type of medication regularly. # years was calculated. 

(iii) When you took this regularly, what is the average number of pills you took per week? # pills 

was calculated. 97.4% of the participants (21,851 out of 22,426) answered the questions on aspirin 

use at enrollment. We created aspirin use categories based on question (i). The use of regular 

aspirin was defined as “regular-strength aspirin use” in the study, whereas “any aspirin use” was 

defined as taking either regular aspirin, low-dose or baby aspirin, or half tablets of aspirin. Use was 

then categorized as either “no” or “yes”. For all analyses, non-users of aspirin were men who did 

not report any aspirin use. The aspirin category was further categorized as either “taken more than 

7 pills per week” or “taken 7 pills per week or less” based on question (iii). Duration of aspirin use 

was based on question (ii).  Duration was then categorized as either “less than or equal to 3 years”, 

or “more than 3 years”, as done previously (13).   

Statistical analysis. Cox proportional hazards regression models with age as the time scale were 

used to calculate hazard ratios (HR) for disease risk and disease-specific mortality. Our exposures of 

interest were any aspirin use and regular strength aspirin. Each exposure variable was separately 

compared with non-users. Models to assess disease risk and mortality contained the same 
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covariates [age, year of enrollment (categorical), education (without high school degree, high 

school degree, college degree, graduate degree), household income (<$15,000, $15,000-25,000, 

>$25,000-50,000, >$50,000-100,000, >$100,000), family history of prostate cancer including father 

and brother (yes/no), smoking status (current, former, never), diabetes (yes/no), body mass index 

(BMI, as six cateogories <18.5, 18.5-25, 25-30, 30-35, 35-40, >40 kg/m2), benign prostate 

hyperplasia (BPH) (yes/no), prostate cancer screening by PSA test (yes/no) and digital rectal exam 

(DRE) (yes/no), acetaminophen (yes/no) and other non-steroidal anti-inflammatory drug (NSAID) 

use (yes/no)]. In the analysis of disease risk, men contributed follow-up time from enrollment until 

incident cancer, death or last follow-up. We performed additional secondary analyses after 

grouping patients by disease stage (TNM I/II versus III/IV), by Gleason score [≤ 7 (low/medium 

grade) versus ≥ 8 (high grade)], and by disease aggressiveness [T4/N1/M1/high grade]. In these 

stratified analyses, the other cases were removed (e.g., when data for early stage disease were 

analyzed, cases with late stage disease were removed). Models were adjusted for potential 

confounders, as aforementioned. Individuals who did not answer the aspirin survey questions or 

with missing values for the two exposure variables were excluded from the analysis. Missing data 

for covariates were imputed. Because PSA levels were measured in a subset of men at baseline, we 

compared these PSA levels between aspirin users and non-users to evaluate an aspirin effect. 

In the mortality analysis, we compared the risk of fatal prostate cancer by aspirin use 

among men without prostate cancer at enrollment. Men contributed follow-up time from 

enrollment until death or last follow-up. Deaths from causes other than prostate cancer were 

censored. Subdistribution hazard ratios were calculated using Fine and Grey regression to examine 



7 

 

the impact of aspirin use on the cumulative probability of prostate cancer death in the presence of 

competing events.  

Tests for trend related to frequency and duration of aspirin use were performed by 

calculating P values in regression models with aspirin use coded as an ordinal variable. Data 

analysis was performed using the R statistical software, version 3.6.0. All statistical tests were two-

sided. An association was considered statistically significant with P < 0.05. 

 

Results 

Demographics and clinicopathological features. The study recruited 22,426 African American men 

of whom 1058 developed prostate cancer on follow up. At enrollment, 5486 men (25.1%) reported 

taking any aspirin and 2634 men (12.1%) reported taking regular strength aspirin. Characteristics of 

the African American men by aspirin use are shown in Table 1. The mean age at enrollment was 

50.8 (S.D.= 8.0) years, with a median follow-up time of 12 years. Baseline characteristics of men 

who used or did not use aspirin differed significantly with respect to age, education, and smoking 

status (Table 1). Aspirin users were more likely to have an elevated BMI (29.4 vs. 27.2 for any 

aspirin; 28.9 vs. 27.2 for regular strength aspirin), a history of diabetes (33.8% vs. 12.9% for any 

aspirin; 27.6% vs. 12.9% for regular strength aspirin), BPH (9.4% vs. 3.8% for any aspirin; 7.2% vs. 

3.8% for regular strength aspirin), or family history of prostate cancer (6.0% vs. 4.3% for any 

aspirin; 5.9% vs. 4.3%). Among men who were diagnosed with prostate cancer, 11.7% with disease 

stage information presented with an advanced stage disease (TNM III/IV) and 16.5% with an 

aggressive disease (T4/N1/M1/high grade). 
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Aspirin use and prostate cancer risk. In the multivariable-adjusted Cox regression analysis, any 

aspirin use at enrollment was not associated with prostate cancer risk (adjusted HR 1.07, 95% CI 

0.92-1.25, Table 2). Associations remained null when examined by frequency of use (HR 1.03, 95% 

CI 0.77-1.39 for less than daily use, HR 1.07, 95% CI 0.91-1.26 for daily use, P trend =0.41) and 

duration of use (HR 1.07, 95% CI 0.89-1.28 for ≤ 3 years of use, HR 1.05, 95% CI 0.84-1.30 for >3 

years of use, P trend =0.45). No significant association was observed between any aspirin use and 

risk of advanced stage, high grade or aggressive disease. Only use of regular strength aspirin 

showed a suggestive association with a reduced risk of advanced stage disease (HR 0.70, 95% CI 

0.34-1.41), but this association was not statistically significant. 

Aspirin use and disease-specific mortality. In this analysis, we assessed the risk of fatal prostate 

cancer related to baseline aspirin use among men without prostate cancer. Aspirin use at 

enrollment tentatively associated with a reduced prostate cancer mortality [adjusted hazard ratio 

(HR) = 0.66, 95% confidence interval (CI): 0.39 to 1.14 for any aspirin use; HR = 0.41, 95% CI: 0.17 to 

1.00 for regular strength aspirin use] (Table 3). There was not much of an influence of competing 

risks of death on the risk of fatal prostate cancer, as shown by the sub-distribution HRs in the Fine-

Gray competing risk regression model (Table 3). 

 

Discussion 

Men of African ancestry are a high-risk population for prostate cancer and have an excess 

risk of developing lethal disease (1,2,24,25). Using the NCI-Maryland Prostate Cancer Case-Control 

Study, we previously reported that intake of aspirin at diagnosis was inversely associated with 

advanced stage prostate cancer and disease recurrence among these men (13). Here, we extended 
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this study and examined the relationship between self-reported aspirin use at enrollment into SCCS 

and prostate cancer risk and mortality among African American men. We did not observe an 

association between aspirin use and prostate cancer risk, but aspirin use tended to be associated 

with a reduced prostate cancer mortality. This protective effect may mainly relate to use of regular 

strength aspirin. Our observations are plausible as recent mechanistic observations and 

epidemiologic data showed that aspirin could have promising effect on reducing metastasis and 

cancer mortality (26,27). 

This is the first study that specifically investigated the relationship between aspirin use and 

prostate cancer mortality among African American men using a prospective design. There have 

been previous reports showing that regular aspirin intake may reduce the risk of prostate cancer 

(14-17) although a robust protective relationship may only exist with the aggressive disease (28-30) 

and disease mortality and survival (18-20). Yet, data for men of African ancestry remain sparse. 

Hurwitz et al. investigated the relationship of aspirin use with prostate cancer in the 

Atherosclerosis Risk in Communities Study, a prospective study that included 5060 European 

American men and 1534 African American men (19). In this cohort, aspirin use was inversely 

associated with prostate cancer mortality, but did not associate with disease incidence, which is 

consistent with our findings in SCCS. An additional race-stratified analysis – although limited by the 

relative low number of African American men who participated in this study – showed a suggestive 

protective effect of aspirin against prostate cancer mortality among the African American men 

(adjusted HR 0.41; 95% CI 0.14-1.20). This observation is again consistent with our findings in the 

current study.  
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Aspirin may protect against lethal prostate cancer among African American men by 

suppressing an immune-inflammation signature in their cancerous prostate (7,11,12), as we 

hypothesize. Aspirin may also exert a more general protection by suppressing metastasis (31). 

Treating prostate cancer patients with celecoxib, a selective cyclooxygenase-2 (COX2) inhibitor, did 

not confer a survival benefit in the STAMPEDE trial (32). Aspirin is thought to have cancer 

preventive activity by inhibiting the same pathway and the production of prostaglandins. Yet, in 

contrast to COX2-specific inhibitors, aspirin irreversibly inhibits both COX1 & 2 activity by 

acetylation. Acetylation of COX1, which is the main enzyme activity in platelets, blocks the 

production of thromboxane A2. It has now been shown in an animal model of lung metastasis that 

aspirin inhibits the metastatic spread by blocking the formation of a metastatic intravascular niche 

that depends on platelet-derived thromboxane A2 (26), yet comparable data for prostate cancer 

and bone metastasis are still missing. Nevertheless, such a mechanism would explain why aspirin 

may inhibit lethal prostate cancer more so than the localized disease, as observed in our study and 

the study by Hurwitz et al. (19). In addition to its ability to inhibit prostaglandin synthesis, aspirin 

can turn on the production of anti-inflammatory lipid mediators, lipoxins, which makes aspirin 

further distinct in function from other NSAIDs (33,34). Lastly, aspirin has additional anti-

inflammatory actions that cannot be attributed to its ability to inhibit prostaglandin biosynthesis, 

such as blocking leukocyte trafficking to inflamed tissues. As such, aspirin may have unique cancer 

preventive activities and may distinctly inhibit metastasis and lethal cancer. 

Aspirin is commonly used in the US population, which is primarily for prevention of 

cardiovascular disease. Its usage increases among the elderly (35). A recent survey reported an 

estimated use of about 50% among U.S. adults aged 45-75 years (36). The observation indicates 
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that aspirin use can be under-reported when enrollment data are used. Aspirin effects in cancer 

prevention have been linked to dosage and duration although a dosage or duration effect for the 

relationship of aspirin use with the risk of lethal prostate cancer remains to be determined (18-20). 

We stratified aspirin into any aspirin and regular strength aspirin use but could not stratify further 

because of inadequate statistical power. Regular strength aspirin is usually a 325 mg dose of aspirin 

(37) whereas our any aspirin use group comprised additional users of low-dose aspirin (about 50%). 

Accordingly, we found that the protective effect of aspirin on prostate cancer mortality seemed to 

be somewhat stronger among regular strength aspirin than any aspirin users, consistent with a 

dose effect, however, the confidence intervals largely overlapped and there was no significant 

difference between the two groups. 

There are several limitations to our study. Firstly, we did not assess the exact daily dose of 

aspirin beyond the number of tablets per day. Also, we did not collect information on the reasons 

why participants were taking aspirin, however, most aspirin use is for prevention of cardiovascular 

disease among the elderly in the U.S. and follows recommendations by primary care physicians 

(36). Secondly, we did not receive information on disease characteristics for all men with prostate 

cancer. Accordingly, we had missing data on disease stage for 26% and on Gleason score for 30% of 

the patients, limiting our ability to analyze the relationship between aspirin use and advanced 

disease in this study. Thirdly, studies reported that aspirin leads to lower blood PSA, leading to a 

potential under-estimate of disease occurrence among aspirin users in the prostate cancer risk 

analysis (38). We observed a rather modest effect of aspirin use on PSA levels in SCCS with a 

median PSA reduction of 9.1% among all men who were regular strength aspirin users and only a 

2.5% reduction among men who were aspirin users at baseline and later developed prostate cancer 
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(Supplementary Figure 1). Forthly, to abrogate a possible confounding effect of access to 

healthcare on the relationship between aspirin use and prostate cancer mortality, we adjusted a 

series of factors, such as age, socioeconomic status (education and income), smoking status, 

medical history of diabetes, BMI, BPH, acetaminophen and other NSAID use, and PSA and DRE 

screening in the multivariable Cox regression model. In our mortality analysis we cannot adjust for 

received prostate cancer therapy. However, other studies have reported rather modest differences 

in obtained primary prostate cancer treatment comparing aspirin users with non-users (39) and our 

adjustments for socioeconomic status and PSA screening should capture differences in primary 

care and treatment if they exist. Nevertheless, we cannot exclude residual confounding as an 

underlying factor for our observations. We could not adjust for cardiovascular risk factors or some 

medications as these data were not collected in SCCS. Lastly, the mortality analysis was limited by a 

small number of events, which may have prevented us to observe a more definite relationship 

between aspirin use and a reduced prostate cancer mortality. Additional studies are needed to 

replicate and strengthen our findings. 

 

Conclusions 

Self-reported aspirin use associated with a decreased prostate cancer-specific mortality among 

African American men in SCCS. Aspirin for prevention should be further evaluated as an 

opportunity to decrease lethal prostate cancer in these men.  
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Table 1 - Baseline characteristics of African American men in the SCCS study by aspirin use 

 
No Aspirin Any Aspirin  

Regular strength   
Aspirin 

Any aspirin 
vs  

no aspirin 

Regular strength 
aspirin  

vs no aspirin 

  (n) (%)     (n) (%)     (n)    (%) P value P value 

Total 16365 74.9a 5486 25.1 2634 12.1     

Age median (IQR) 48 10.0 53 13.0 52 12.0 < 0.001 < 0.001 

BMI mean (SD) 27.2 5.8 29.4 6.3 28.9 6.2 < 0.001 < 0.001 

Education 
        

 Less High 5526 33.8b 1823 33.2 913 34.7     

 High school 6903 42.2 2028 37.0 991 37.6     

 College 2751 16.8 992 18.1 471 17.9     

 More than College 1085 6.6 548 10.0 227 8.6 < 0.001 < 0.001 

HH income 
        

< 15k 10138 61.9 2900 52.9 1477 56.1     

15K-25K 3453 21.1 1176 21.4 539 20.5     

25K-50 1840 11.2 855 15.6 386 14.7     

50K-100K 620 3.8 381 6.9 156 5.9     

> 100k 153 0.9 113 2.1 38 1.4 < 0.001 < 0.001 

Family History of 
Prostate Cancer         

 No 15606 95.4 5123 93.4 2460 93.4     

 Yes 703 4.3 331 6.0 156 5.9 < 0.001 < 0.001 

Tobacco use 
        

Current 10017 61.2 2457 44.8 1343 51.0     

 Former 2814 17.2 1640 29.9 701 26.6     

 Never 3475 21.2 1335 24.3 559 21.2 < 0.001 < 0.001 

Diabetes 
        

No 14242 87.0 3629 66.2 1906 72.4     

        



 Yes 2112 12.9 1853 33.8 725 27.5 < 0.001 < 0.001 

BPH 
        

No 15689 95.9 4936 90.0 2432 92.3     

 Yes 627 3.8 516 9.4 189 7.2 < 0.001 < 0.001 

PSA screening 
        

No 9076 55.5 2067 37.7 1180 44.8     

 Yes 6402 39.1 3109 56.7 1299 49.3 < 0.001 < 0.001 

DRE screening 
        

No 7611 46.5 1760 32.1 978 37.1     

 Yes 8666 53.0 3681 67.1 1636 62.1 < 0.001 < 0.001 

Disease characteristics 
        

TNM Stage (clinical) 
        

I 65 9.4 32 9.6 19 14.0     

 II 355 51.4 182 54.8 71 52.2     

 III 34 4.9 17 5.1 6 4.4     

 IV 56 8.1 13 3.9 3 2.2 0.09 0.05 

Gleason 
        

<=7 404 58.6 181 54.5 76 55.9     

 >=8 86 12.5 44 13.3 16 11.8 0.59 1.00 

Aggressive Disease 
        

Yes 116 16.8 53 16.0 19 14.0     

No 574 92.3 279 84.0 117 86.0 0.80 0.49 
 

Abbreviations: IQR, interquartile range; SD, standard deviation; BMI, body mass index; HH, household 
income; BPH, benign prostate hyperplasia; PSA, prostate cancer-specific antigen  
a percent of all men in study (n = 21851); b percent of men within aspirin group [no aspirin (n = 16365), 
any aspirin (n = 5486), regular strength aspirin (n = 2634)] for all listed variables. Missing data not 
included in percentages 

 

        

         
         
         



Table 2 – Associations between aspirin use at enrollment and prostate cancer risk among African American 
men in SCCS 

  Events PY HR (95% CI)a P value HR (95% CI)b P value 

Overall 
      

No use 690 162857 ref. 
 

ref. 
 

Any use 332 50057 1.11 (0.97-1.27)  0.14 1.07 (0.92-1.25)  0.40 

Regular strength 136 25091 1.01 (0.84-1.21)  0.95 0.97 (0.78-1.19)  0.75 

       
Less than daily 54 10934 1.00 (0.75-1.32)  0.97 1.03 (0.77-1.39)  0.84 

Daily and more 269 37850 1.13 (0.98-1.31)  0.09 1.07 (0.91-1.26)  0.42 

≤3 years 189 30283 1.09 (0.92-1.28)  0.31 1.07 (0.89-1.28)  0.48 

>3 years 135 18417 1.12 (0.93-1.36)  0.24 1.05 (0.84-1.30)  0.68 

       
TNM stage I/II 

      
No use 420 162857 ref. 

 
ref. 

 
Any use 214 50057 1.12 (0.94-1.32)  0.21 1.03 (0.85-1.26)  0.74 

Regular strength 90 25091 1.06 (0.84-1.34)  0.61 0.98 (0.75-1.28)  0.88 

TNM stage III/IV 
      

No use 90 162857 ref. 
 

ref. 
 

Any use 30 50057 0.83 (0.54-1.28)  0.40 1.00 (0.63-1.60)  0.98 

Regular strength 9 25091 0.54 (0.27-1.07)  0.08 0.70 (0.34-1.41)  0.31 

       
Gleason ≤ 7 

      
No use 404 162857 ref. 

 
ref. 

 
Any use 181 50057 1.08 (0.90-1.29)  0.41 0.95 (0.77-1.17)  0.64 

Regular strength 76 25091 0.98 (0.77-1.26)  0.88 0.90 (0.68-1.20)  0.48 

Gleason ≥ 8 
      

No use 86 162857 
    

      



Any use 44 50057 1.15 (0.79-1.68)  0.46 1.36 (0.89-2.08)  0.15 

Regular strength 16 25091 0.93 (0.54-1.59)  0.78 0.95 (0.51-1.75)  0.87 

       
Aggressive 

      
No use 116 162857 ref. 

 
ref. 

 
Any use 53 50057 1.04 (0.74-1.46)  0.80 1.17 (0.80-1.71)  0.42 

Regular strength 19 25091 0.82 (0.51-1.34)  0.44 0.84 ( 0.49-1.46)  0.54 
 

Abbreviations: PY, Person-Years; HR, hazard ratio; CI, confidence interval; TNM, tumor-node-
metastasis 
aHR was adjusted for age  
bHR was adjusted for age, enrollment year, education, income, family history of prostate 
cancer, smoking status, diabetes, BMI, BPH, PSA and DRE screening, acetaminophen, NSAIDs 
other than aspirin 

      

 
 
 
 

      

       
       
       
       
       
       
       
       
       
       
       
       
       
       



       
       
       
       
 
 

      

 
Table 3 – Association between aspirin use at enrollment and prostate cancer mortality among African 
American men in SCCS 

  Events PY HR (95% CI) a P  HR (95% CI) b P SHR (95% CI) P  

No aspirin use 74 2368439 ref.  ref.  ref.  
Any aspirin use 25 744964 0.65 (0.41-1.03)  0.07 0.66 (0.39-1.14)  0.14 0.69 (0.39-1.25)  0.22 
Regular strength 6 369317 0.36 (0.16-0.84)  0.02 0.41 (0.17-1.00)  0.05 0.43 (0.16-1.13)  0.09 

 

Abbreviations: PY, Person-Years; HR, hazard ratio; CI, confidence interval; SHR, sub-distribution hazard ratio 
aHR was adjusted for age 
bHR was adjusted for age, enrollment year, education, income, family history of prostate cancer, smoking 
status, diabetes, BMI, BPH, PSA and DRE screening, acetaminophen, NSAIDs other than aspirin 
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