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ABSTRACT
Background: Emerging evidence indicates significantly poorer overall survival for men with metastatic prostate cancer in 
resource-limited settings than in high-income countries. However, there is less understanding of the overall survival of non-
metastatic disease, which could inform early treatment strategies.
Objective: To prospectively examine factors associated with the National Comprehensive Cancer Network (NCCN) risk strat-
ification and overall survival in 741 Black South African men with non-metastatic prostate cancer, some of whom also had co-
morbidities (≥ 2 other chronic conditions).
Methods: Baseline data on social and health factors were collected. Follow-up of participants monitored overall survival over 
a median of 4.3 (3.5–5.0) years. We used multivariable proportional ordinal regression to examine factors associated with non-
metastatic prostate cancer risk stratification. Kaplan-Meier, Cox proportional hazards regression, and Pohar-Perme methods 
were used to calculate overall survival and assess associations.
Results: Our findings showed a generally favourable prognosis of non-metastatic prostate cancer with a 5-year overall 
survival of 79.0% (75.6–82.6) while the 5-year age-standardised net survival was 91.0% (95% CI 86.0–97.0). Overall survival 
differed significantly by the different NCCN risk groups, emerging early and widening over time, with the lowest survival 
in the high-risk groups. Only older age at diagnosis (Hazard Ratio per one-year increase:1.05 (95% CI: 1.02–1.08)), diabetes 
(HR: 1.70 (95% CI: 1.08–2.67)), and depression (HR: 1.67 (95% CI: 1.09–2.57)) at study recruitment were associated with 
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poorer overall survival. Furthermore, only older age at diagnosis (HR: 1.04 (95% CI: 1.02–1.07)) was associated with higher 
non-metastatic prostate cancer risk.
Conclusions: These findings emphasise the need to address early diagnosis and comorbidities in non-metastatic prostate cancer, 
which could improve overall survival.

1   |   Introduction

Prostate cancer is a growing global health problem with an es-
timated 1.5 million new cases and 397,000 deaths in 2022, pos-
ing a significant threat to men's health [1]. However, the global 
incidence and mortality have varied across different regions 
[1, 2]. According to the International Agency for Research 
on Cancer (IARC) 2022 report, high-income countries have 
higher incidence compared to low and middle-income coun-
tries (LMICs), while the opposite is true for mortality [1]. In 
Northern Europe, for example, the age-standardised inci-
dence was 82.8 cases per 100,000 men, whereas in Southern 
Africa, 59.9 cases per 100,000 men were reported. Regarding 
age-standardised mortality, Northern Europe had 12.4, com-
pared to 29.7 cases per 100,000 men in Southern Africa [1]. 
These disparities may reflect inequities in the early diagnosis, 
management and prognosis of prostate cancer.

A conceptual framework identifying the main drivers as-
sociated with these inequities is necessary to enhance our 
understanding of the complexities underlying disease risk 
and overall survival. While common risk factors for pros-
tate cancer, such as older age and family history, are well-
characterised, modifiable factors, including structural, social 
and other health factors, have now been recognised in a re-
cent conceptual framework (Figure  1) [3]. This framework, 
leverages the evolution of prostate cancer risk factors and the 
importance of their combined effect towards incidence and 
survival [3].

Studies in the US show that African Americans face more health 
disparity challenges and are more prone to prostate cancer than 
their White counterparts [4–6]. While there is little data on 
the direct comparisons between African Americans and Black 
South Africans (or other sub-Saharan African populations), 
Tindall et al. (2014) showed that South African Black men are at 

a 2.1-fold higher risk for advanced prostate cancer at presenta-
tion compared to African Americans [7]. Recent findings show 
that Black South Africans have a higher risk of being diagnosed 
with aggressive disease, including a greater risk than men of 
mixed ancestry in South Africa [8].

In South Africa, the 2023 National Cancer Registry (NCR) re-
ported that prostate cancer contributed to about 25.9% of all 
male cancer [9]. Age-standardised incidence was about 47.0 
per 100,000 men, representing a total of 10,944 new cases in 
2022, with marked racial differences (White men: 76.9; Black 
men: 39.1; men of mixed ancestry: 53.3; Asian men: 27.7 per 
100,000), likely underestimations largely driven by health dis-
parity challenges. 12 Evidence from IARC shows an increase 
in prostate cancer mortality in South African men between 
2020 and 2022, from about 22.1 per 100,000 in 2020 to 30.7 
per 100,000 in 2022, highlighting a growing national bur-
den [10, 11]. While there are no population-wide or registry-
based data, the median age of prostate cancer diagnosis from 
hospital-based cohorts ranges from 66 to 68 years [12–14]. 
Substantial disparities in incidence and aggressiveness of 
prostate cancer have been reported in South Africa. A 10-year 
retrospective study using prostate biopsies showed that Black 
South African men accounted for the highest proportion (46%) 
of high-grade disease, compared to White (36%), Asian (38%) 
and mixed ancestry (40%) populations [15]. These disparities 
between incidence and high-grade disease therefore necessi-
tate a need to identify risk factors that could help inform early 
detection and guide treatment decisions, particularly in Black 
South African men.

The National Comprehensive Cancer Network (NCCN) risk 
stratification is a widely used clinical tool for categorising non-
metastatic prostate cancer into either low, intermediate, or high 
risk, based on prostate-specific antigen (PSA) levels, Gleason 
scores (from biopsy) and tumour staging (using the tumour nodal 

FIGURE 1    |    Conceptual framework for translating health services, research and interventions into solutions to address inequities in prostate can-
cer care and overall survival (adapted from Nyame et al. [3]).
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metastatic system (TNM)) [16]. The TNM system aids in determin-
ing the local (T), regional (N) and distant (M) spread of the cancer.

In sub-Saharan Africa, research on prostate cancer survival is 
limited, with studies focusing primarily on metastatic disease 
[17, 18]. Our group has previously described metastatic disease 
and factors associated with overall survival [13]. Together, these 
studies only address the challenges faced in treating metastatic 
disease, including limited access to screening and treatment, 
which impact survival outcomes. However, there is still a scar-
city of survival data on non-metastatic disease. Furthermore, 
challenges such as small sample sizes and difficulties with 
long-term follow-ups continue to hinder our understanding of 
prostate cancer survival data in the region. Recently, the Lancet 
Commission on prostate cancer called for more region-specific 
data, especially in sub-Saharan Africa, which is currently un-
derrepresented in global prostate cancer studies and yet faces 
higher rates of aggressive disease [19].

The aim of this study was to identify factors associated with 
prostate cancer risk stratification and to identify factors as-
sociated with 5-year overall survival among Black South 
African men.

2   |   Methods

2.1   |   Study Population

This study is part of the Men of African Descent and Prostate 
Cancer (MADCaP) Consortium [20], which recruited self-
identifying Black African men from outpatient clinics at the 
Chris Hani Baragwanath Academic Hospital (CHBAH) in 
Soweto, Johannesburg. The CHBAH predominantly serves pa-
tients who are referred from local community-based primary 
care clinics in greater Soweto, an urban community in southern 
Johannesburg. Study recruitment was from November 2016 to 
July 2020. Follow-up of participants continued until the earli-
est of the following: the date of death, the last known date the 
participant was alive, 5 years after diagnosis, or 7 November 
2022, whichever occurred first. Only the final months of recruit-
ment occurred during the COVID-19 pandemic and lockdown 
in South Africa (March 2020–June 2022), and approximately 
2 years of the 5-year follow-up took place within this period.

2.2   |   Participant Recruitment and Inclusion 
Criteria

Study participants were eligible for recruitment if they self-
identified as Black African, were 30 years of age or older, pro-
vided informed and written consent, and had a newly confirmed 
diagnosis of prostate cancer through histological examination. 
Participants were required to reside within the catchment area 
surrounding the CHBAH study centre. Only participants with an 
incident prostate cancer diagnosis within 6 months prior to study 
contact were eligible for inclusion. We only included participants 
with confirmed non-metastatic disease as defined by the NCCN 
risk stratification of low, intermediate, high and very high-risk 
categories [16]. Participants with metastatic prostate cancer were 
excluded to minimise heterogeneity in survival outcomes.

2.3   |   Data Collection

At enrolment, face-to-face interviews were conducted to col-
lect data on social (household and sociodemographic factors, 
including social support, employment, education and income) 
and health factors (age, family history, comorbidity risks and be-
havioural risks). Family history of prostate cancer was assessed 
based on self-reported history in first-degree male relatives, in-
cluding the participant's father, brothers and sons. Depression 
was assessed using the Patient Health Questionnaire-9 (PHQ-9) 
[21]. Derived scores were categorised into absent (0–4), mild 
(5–9) and moderate to severe (> 10) as defined by Zimmerman 
[22]. Measurements on height, weight and waist circumference 
were also taken using standard procedures. Body mass index 
(BMI) was calculated by dividing weight in kilogrammes by the 
square of height in metres. Diabetes status was assessed based 
on self-report, defined as either taking glucose-lowering medi-
cation or having a prior diagnosis of high blood glucose. Blood 
pressure (BP) measurements were taken from seated partici-
pants, using the average of the last two readings from a total of 
three. Hypertension was defined as a systolic BP of 140 mmHg 
or more, or a diastolic BP of 90 mmHg or more, or a previous di-
agnosis by a health-care professional [23]. All participants were 
tested for HIV using the enzyme-linked immunosorbent assay 
(ELISA).

Moderate-to-vigorous physical activity (MVPA) was estimated 
from the self-reported data on weekly activity time. Insufficient 
physical activity was defined as MVPA < 150 min/week [24]. 
Weekly alcohol consumption (grams) was estimated by convert-
ing self-reported frequency of beer, wine, liquor and traditional 
alcohol intake using standard drink volumes, ethanol concen-
tration and density. Total alcohol intake was then calculated by 
summing grams across beverage types, and heavy alcohol con-
sumption was defined as > 168 g/week.

Prostate cancer diagnoses were confirmed through core biop-
sies and Gleason scores. PSA levels were routinely measured 
at diagnosis. Clinical T-staging was performed using digital 
rectal examinations following the standard protocol in our 
resource-limited public tertiary hospitals. Non-metastatic 
low-risk disease was characterised by a PSA level below 10 ng/
mL, Epstein-Gleason Grade Group 1 (Gleason score 3 + 3) and 
a clinical stage of T1-T2a. Intermediate high-risk disease was 
defined as a clinical stage T2b or T2c, and/or Epstein Grade 
Group of 2 or 3 (Gleason score 3 + 4 or 4 + 3), and/or a PSA 
level between 10 and 20 ng/mL. High-risk disease included a 
clinical stage T3a, a Gleason score of 8–10 regardless of PSA 
levels, or a PSA level exceeding 20 ng/mL. Very high-risk 
disease was defined as a clinical stage T3b, T3c or T4. The 
high- and very-high-risk categories were merged into a single 
high-risk group. Participants received androgen-deprivation 
therapy (ADT) with luteinising hormone-releasing hormone 
(LHRH) agonists and/or oral non-steroidal first-generation 
antiandrogens.

Vital status was confirmed by telephone after every 3 months. If 
the participant, next of kin, or other person named as close con-
tacts could not be reached for two consecutive follow-up calls, 
we searched VerifyID (www.​verif​yid.​co.​za), a publicly available 
administrative database, to determine the participant's vital 

http://www.verifyid.co.za
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status. Participants were censored at the last date when they 
were known to be alive if no additional information about vital 
status could be obtained.

2.4   |   Study Outcomes

Our primary outcome was overall survival. Secondary outcomes 
included the factors associated with non-metastatic prostate 
cancer risk stratification and overall survival.

2.5   |   Statistical Analyses

Baseline characteristics on social and health risks were sum-
marised according to the three non-metastatic prostate cancer 
risk categories, using appropriate descriptive statistics. The 
Shapiro–Wilk test was used to assess the normality of contin-
uous variables, and these were expressed as mean ± standard 
deviation (if normally distributed) and median (interquartile 
range) if not normally distributed. Categorical variables were 
presented as proportions (sample size, percentage). One-way 
Analysis of Variance (ANOVA) was used to compare the means 
of continuous variables across the three risk categories if the 
data were normally distributed. The Pearson's chi-square test 
was used to assess the associations across categorical data. We 
applied the Bonferroni correction by dividing the p-value: 0.05 
threshold for significance by the number of hypothesis tests con-
ducted in the descriptive analyses.

Proportional ordinal regression was used to examine the asso-
ciation between baseline socio-demographic, co-morbidity, be-
havioural and treatment data across the three non-metastatic 
prostate cancer risk categories. All variables were included to-
gether in a single multivariable proportional ordinal regression 
model. Variance inflation factors (VIFs) in the adjusted model 
were all below 2, indicating no significant multicollinearity. 
Survival analyses were conducted on a time-since-diagnosis 
scale, with the at-risk period starting on the date of histologi-
cally confirmed diagnosis of prostate cancer until the end of 
follow-up. Kaplan–Meier survival curves stratified by the three 
prostate cancer risk categories were used to assess overall sur-
vival in the full cohort. Survival comparisons were performed 
using the log-rank test. Cox proportional hazards regression 
was used to examine the association between baseline socio-
demographic, co-morbidity, behavioural and treatment factors 
on overall survival. Considering we used overall survival as the 
outcome variable; stratified Cox proportional hazards regres-
sion was performed by using the median age (66 years) and cre-
ating two groups: participants aged < 66 years and those aged 
≥ 66 years. To evaluate whether associations differed by age, we 
fitted a combined model by including centred age (difference be-
tween age at diagnosis and median age) and interaction terms 
between median age groups and significant factors. We did a 
complete case series analyses under the assumption that data 
were missing at random. Variables with high missingness, that 
is, family history of prostate cancer and household income were 
excluded from regression analyses. The extent of missingness 
in all independent variables included in the regression models 
was evaluated and found to be minimal; therefore, multiple im-
putation was unlikely to meaningfully influence the estimated 

effects. To adjust for survival due to causes of death other than 
prostate cancer, we estimated net and age-standardised net sur-
vival by accounting for background age-specific national mor-
tality. Net and age-standardised net survival were estimated 
using the Pohar-Perme method using the rs.surv() function from 
the relsurv R package, with expected mortality derived from na-
tional life tables. Age standardisation was performed using the 
International Cancer Survival Standard (ICSS) weights [25]. We 
obtained age-specific death rates for South African men from 
the 2020 WHO Global Health Observatory (GHO) and Life 
Tables. Age-specific death rates by age group were smoothed 
into continuous age-specific death rates using a flexible Poisson 
model, as described by Rachet et al. [26].

The level of statistical significance was set at a two-tailed 
p < 0.05. All statistical analyses and visualisations were per-
formed using Stata 18.0 (StataCorp LLC, College Station, 
TX, USA) and RStudio 4.0 (RStudio Team, PBC, Boston, 
MA, USA).

3   |   Results

3.1   |   Social and Health Factors at Study 
Recruitment

A total of 741 men with non-metastatic prostate cancer were 
recruited between November 2016 and July 2020. Only 17 
(2.3%) of men were recruited during the COVID-19 pandemic. 
A total of 189 (25.5%) of these men had Epstein Grade Group 
4 and 5 tumours; 23 (3.1%) had T3 staging, and 303 (40.9%) 
had levels of PSA > 20 ng/mL at diagnosis. For risk stratifica-
tion, we excluded 6 (0.8%) participants who had missing data 
on PSA (n = 5), T staging (n = 1) and grading (n = 1); one par-
ticipant had missing data on two variables (PSA and T stag-
ing). In total, 735 participants were included in the analyses, 
with 58 (7.8%) as low risk, 305 (41.2%) intermediate risk and 
372 (50.8%) high risk non-metastatic prostate cancer cases 
(Table 1).

The age at diagnosis for the cohort was 65.8 ± 7.9 years, with 
ages ranging from 37 to 87 years. Participants had a mean BMI 
of 27.1 ± 5.4 kg/m2. The highest prevalence of comorbidities in-
cluded hypertension: 68.6% (95% CI 65.2–71.9), diabetes: 16.0% 
(95% CI 13.5–18.8), HIV: 12.2% (95% CI 10.0–14.8). When com-
paring the three risk categories, only hormonal treatment (an-
drogen deprivation therapy) significantly differed between the 
groups after Bonferroni correction (p < 0.003) (Table  1). Men 
with high-risk non-metastatic prostate cancer [356 (95.7%)] 
received more hormonal therapy than those with intermedi-
ate [156 (51.2%)] and low risk [8 (13.8%)]; p < 0.001 (Table  1). 
Furthermore, men with high-risk disease stratification had 
markedly elevated PSA levels at diagnosis compared to interme-
diate and low-risk groups (median 36.6 vs. 10.5 vs. 6.8 ng/mL; 
p < 0.001). There were no differences between the risk groups in 
the other socio-demographic, CVD and other comorbidity risk 
data, including BMI, waist circumference, HIV status, depres-
sion and behavioural risks (alcohol consumption and smoking) 
(Table  1). Family history and physical activity were excluded 
from these analyses because of a high level of missing data 
(Table 1).
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TABLE 1    |    Comparison of risk categories of non-metastatic prostate cancer in study cohort according to social and health factors (n = 735).

Exposure domain Risk

p

N (%)

Low risk Intermediate High/Very highMean ± SD

Number of men enrolled 58 (7.9) 305 (41.3) 372 (50.8) —

Age risk

Age at diagnosis 62.8 ± 8.2 65.2 ± 8.1 66.7 ± 7.6 0.564

Epstein grade group 1 58 (100.0) 29 (9.6) 15 (4.0) —

2 or 3 NA 274 (90.4) 170 (45.7) —

4 or 5 NA NA 187 (50.3) —

T stage T1 (1a-1c) 54 (93.1) 215 (71.2) 187 (50.3) —

T2 (2a-2c) 4 (6.9) 87 (28.8) 162 (43.5) —

T3 (3a-3c) NA NA 23 (6.2) —

PSA (ng/mL) ≤ 10 58 (100.0) 146 (48.2) 34 (9.1) —

10–20 NA 157 (51.8) 36 (9.7) —

> 20 NA NA 302 (81.2) —

Household and sociodemographic vulnerability risk

Minimal social support (single vs. cohabiting)

Single (including divorced and widowed) 15 (25.9) 84 (27.5) 113 (30.4) 0.628

Employment status (unemployed vs. employed)

Unemployed (including retired and students) 46 (79.3) 249 (81.6) 316 (85.0) 0.363

Education level (≤ primary vs. secondary or higher)

Primary school or less (R0/G7 or informal) 36 (62.1) 187 (61.3) 233 (62.6) 0.940

Household income per month (low to middle wealth score vs. high)a

Low to mid wealth index score (0–3) 53 (91.4) 283 (92.8) 344 (92.5) 0.614

Missing 5 (8.6) 22 (7.2) 27 (7.3)

Family history (present vs. absent)

Yes 12 (20.7) 15 (4.7) 24 (7.5) —

Missing 32 (55.2) 168 (55.1) 213 (57.3)

CVD and other comorbidity risks

Waist circumference, cm 95.8 ± 12.4 95.5 ± 12.4 95.3 ± 12.0 0.953

BMI (kg/m2) 27.3 ± 5.2 27.1 ± 5.3 27.1 ± 5.5 0.952

Morbid obesity 3 (5.2) 21 (6.9) 31 (8.3) 0.613

Diabetes 9 (15.5) 56 (18.4) 51 (13.7) 0.245

Hypertension 41 (70.7) 212 (69.7) 252 (67.7) 0.839

Heart disease 3 (3.5) 7 (2.3) 4 (1.1) —

CVD risk comorbidity burden (morbid obesity, diabetes, hypertension)

≥ 1 comorbidity 42 (72.4) 221 (72.7) 261 (70.2) 0.756

Living with HIV (no vs. yes)

Yes 9 (15.5) 29 (9.5) 51 (13.7) 0.181

(Continues)
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3.2   |   Factors Associated With Risk Stratification

As shown in Figure 2 and Table S1, the multivariable propor-
tional ordinal regression model showed that age at diagnosis 
was associated with a 4% higher risk of non-metastatic prostate 
cancer per 1 year increase in age at diagnosis in the odds of in-
termediate/high versus low, and high versus low/intermediate 
risk. No other socio-demographic, cardiovascular, or comorbid-
ity factors were associated with non-metastatic prostate cancer 
risk classification (Figure 2 and Table S1).

3.3   |   Survival

A total of 738 men had follow-up data (irrespective of non-
metastatic prostate cancer risk stratification). From these, 123 
(16.7%) died, 151 (20.5%) were alive at administrative censoring, 
and 461 (62.4%) were censored early (Table 2). A large propor-
tion of participants (461 (62.4%)) were administratively censored 
before 5 years because the database was closed on 7 November 
2022. The median age (IQR) of deceased men during the 5-year 
follow-up period in years was 71 (59–87) years. The median 

Exposure domain Risk

p

N (%)

Low risk Intermediate High/Very highMean ± SD

Missing 0 (0.0) 2 (0.7) 2 (0.5)

Depression

0–4: No psychological distress 51 (87.9) 260 (85.3) 317 (43.1) 0.976

5–8: Mild distress 4 (6.9) 31 (10.2) 37 (10.0)

9–12: Moderate distress 2 (3.5) 11 (3.6) 12 (3.2)

13+: Severe distress 1 (1.7) 3 (1.0) 6 (1.6)

Behavioural risks

Physical inactivity (< 150 min/week) 1 (7.1) 10 (3.3) 16 (4.3) —

Missing 44 (75.9) 253 (83.0) 326 (87.4)

Tobacco smoking

Currently yes 16 (44.8) 90 (29.5) 107 (28.8) 0.937

Yes (in the past) 21 (36.2) 119 (39.0) 138 (37.1)

Never 21 (36.2) 96 (31.5) 127 (34.1)

Alcohol consumption

Currently yes 26 (44.8) 146 (47.9) 144 (38.7) 0.057

Yes, in the past 13 (22.4) 93 (30.5) 124 (33.3)

No, never drank alcohol 19 (32.8) 66 (21.6) 104 (28.0)

Alcohol consumption per week (heavy vs. none to moderate)

Heavy alcohol consumption (> 168 g/week) 36 (10.0) 135 (37.9) 186 (51.8) 0.039

Treatment

Hormonal treatment (no vs. yes)

Yes 8 (13.8) 156 (51.2) 356 (95.7) < 0.001

Missing 0 (0.0) 3 (1.0) 0 (0.0)

Note: NCCN risk stratification: low risk – T stage T1–T2a, Epstein Grade Group 1, PSA < 10 ng/mL. intermediate risk: T2b–T2c, Epstein Grade Group 2 or 3, PSA 
10–20 ng/mL and high/very high risk: T3–T4, Epstein Grade Group 4 or 5, PSA > 20 ng/mL. Epstein Grade Group 1 (Gleason Score ≤ 6; ≤ 3 + 3), Grade Group 2 (Gleason 
Score 7; 3 + 4), Grade Group 3 (Gleason Score 7; 4 + 3), Grade Group 4 (Gleason Score 8; 4 + 4, 3 + 5, 5 + 3), Grade Group 5 (Gleason Score ≥ 9; 4 + 5, 5 + 4, 5 + 5), T stage 
(tumour stage—The numbers and letters describe how far the primary tumour has spread in and around the prostate); T1: tumour not clinically detectable, T2: tumour 
confined within the prostate, T3: tumour has extended outside the prostate.
Abbreviations: NA, not applicable; PSA, prostate specific antigen.
aHousehold income score categories: low to middle wealth 0 = up to 1850 per month, 1 = 1851–10,000 per month, 2 = 10,001–30,000 per month, high wealth score 
> 30,000 per month; currency in South African Rands, morbid obesity = BMI ≥ 35 kg/m2, heavy alcohol consumption—consumption of beer + wine + liquor + other per 
week, hormonal treatment—androgen deprivation therapy. Variables were excluded from the table if missingness was < 0.5% across all risk categories and variables 
with ≥ 0.5% missingness in any group were retained for transparency. Level of significance after Bonferroni correction: p < 0.003.

TABLE 1    |    (Continued)
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follow-up was 4.3 (3.5–5.0) years. Overall, mortality peaked in 
years 3–4, when 36 men (4.9%) died, reflecting the generally high 
survival of participants with non-metastatic prostate cancer and 
the limited number of participants for which follow-up beyond 
this time was available (Table 2, Figure 3 and Figure S1). The 5-
year overall survival was 79.0% (75.6–82.6) (Table 2). Net 5-year 
survival estimates were slightly higher than 5-year overall sur-
vival estimates by approximately 4% (absolute differences), and 
age-standardised net survival estimates were even higher: 91.0% 
(86.0–97.0) (Table 2). A total of 733 participants had data on both 
survival and non-metastatic prostate cancer risk classification. 
Figure 3 shows significant differences in overall survival be-
tween the three risk stratification groups (log-rank p = 0.001), 
which emerged at 1 year and widened over time. Furthermore, 
in sensitivity analyses, the 5-year overall survival was lowest in 
the high-risk group [74.4% (69.4–79.9)], low in the intermediate-
risk group [83.1% (78.1–88.5)], and highest in the low-risk group 
[88.4% (77.0–100.0)] (Figure 3).

3.4   |   Factors Associated With Overall Survival

In the unadjusted Cox proportional hazards model for overall 
survival, age at diagnosis (hazard ratio (HR) per 1-year increase, 
1.06, 95% CI 1.03–1.08), high-risk non-metastatic prostate can-
cer (HR = 3.35, 95% CI 1.23–9.16), unemployment (HR = 1.92, 
95% CI 1.06–3.48), diabetes (HR = 1.77, 95% CI 1.17–2.69), de-
pression (HR = 2.01, 95% CI 1.33–3.05), past smoking (HR = 1.57, 
95% CI 1.02–2.42) and hormonal treatment (HR = 1.99, 95% CI 
1.24–3.19) were associated with lower survival. Secondary or 
higher education (HR = 0.64, 95% CI 0.42–0.96) was associated 
with higher survival (Table S2). In the multivariable analyses, 
only age at diagnosis (HR = 1.05, 95% CI 1.02–1.08), diabetes 
(HR = 1.70, 95% CI 1.08–2.67) and depression (HR = 1.67, 95% CI 
1.09–2.57) remained associated with lower survival (Figure 4). 
No other socio-demographic, cardiovascular, or comorbidity 
risk factors were significantly associated with survival (Figure 4 
and Table S2).

In the age stratified multivariable analyses, only diabe-
tes (HR = 6.49, 95% 2.83–14.86), depression (HR = 1.67, 95% 
1.09–2.57 and hormonal treatment (HR = 6.61, 95% 2.01–21.70) 
were associated with lower survival among participants aged 
60 (57–63) years (Table  S3). BMI was associated with higher 
survival (HR = 0.91, 95%, 0.85–0.98) (Table S3). In older partic-
ipants aged 71 (68–75) years, only age at diagnosis (HR = 1.06, 
95% 1.01–1.11)) and depression (HR = 1.84, 95% 1.09–3.11) were 
associated with lower survival whereas secondary or higher ed-
ucation (HR = 0.56, 95% 0.32–0.98) was associated with higher 
survival (Table S4). In a combined model including centred age 
and interaction terms between median age groups and signifi-
cant factors, the effects of diabetes*age (interaction HR = 0.91, 
95% 0.85–0.97) and hormonal treatment*age (interaction 
HR = 0.92, 95% 0.87–0.98) on survival decreased with increasing 
age at diagnosis (Table S5). The main effect of diabetes on sur-
vival at median age 66 was high (HR = 2.09, 95% 1.30–3.36). The 
effects of education*age (interaction HR = 1.00, 95% 0.94–1.05) 
and BMI*age (interaction HR = 1.00 (0.99–1.01)) were non-
significant, while the main effect of depression on survival re-
mained significant (HR = 1.00 (0.94–1.05)) (Table S5).

4   |   Discussion

Our study highlights a generally favourable prognosis of non-
metastatic prostate cancer with a 5-year overall survival of 
79.0% (75.6–82.6) and a 5-year age-standardised net survival of 
91.0% (95% CI 86.0–97.0). Survival differed significantly accord-
ing to NCCN risk stratification, emerging early and widening 
over time, with the highest mortality in the high-risk group. 
Older age at diagnosis, diabetes and depression at study recruit-
ment were associated with higher mortality. Furthermore, only 
older age at diagnosis was associated with higher non-metastatic 
prostate cancer risk stratification.

Our results on the gradient of higher PSA being linked to more 
advanced disease are consistent with clinical expectation. 

FIGURE 2    |    Multivariable proportional ordinal regression on non-metastatic prostate cancer risk stratification (low risk = 0, intermediate risk = 1, 
high-risk = 2) and associated risk factors. All variables were included in the single multivariable model. Data are presented as odds ratios (OR) with 
corresponding 95% confidence intervals (CIs), depicted by symbols and bars, respectively. The vertical solid line passing through 1 demarcates the 
null effect, with lower risk represented on the left side and higher risk on the right side of the line.
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Cohorts from high-income countries seldom report risk-
stratified PSA data at diagnosis; however, in one large study 
on US men managed with active surveillance, median PSA 
values were 5.35 ng/mL in the low-risk group, 8.03 ng/mL 
in the favourable intermediate-risk group, and 8.63 ng/mL 

in the unfavourable intermediate-risk group [27]. In the US 
Surveillance, Epidemiology, and End Results (SEER) database, 
about 60% of non-metastatic cases had PSA < 10 ng/mL, Gleason 
score ≤ 7, and T-stage T1–T2b compared to our study which had 
a much lower proportion of individuals below these thresholds 
[28]. Comparable high-risk PSA data are rarely published, un-
derscoring the significance of our findings. In addition, many 
cohorts from high-income countries benefit from routine PSA 
screening, early detection, and access to advanced diagnostics 
and treatment, which differs markedly from many African con-
texts including ours.

The present study shares both similarities and distinct differ-
ences with other published studies from sub-Saharan Africa 
and other LMICs. A previous study consisting of 195 men from 
10 sub-Saharan African countries showed lower 5-year overall 
survival in non-metastatic prostate cancer, where participants 
with Stage I + II disease (low risk stratification) had overall sur-
vival of 64.0% (53.1–77.0) whereas those with Stage III (high risk 
stratification) had 34.1% (25.3–45.9) [17]. Although the magni-
tude of difference was different, a similar pattern was observed 
in a study consisting of 127 men from Sudan, where the 5-year 
overall survival for those with stages I and II was 88%, and 57% 
for stage III [29]. In a meta-analysis of three studies from India, 
Indonesia and Brazil consisting of 289 men with non-metastatic 
prostate cancer, the 5-year overall survival after androgen depri-
vation therapy and radiation therapy was 87% (84.0–94.0) [30]. 
In a separate analysis, combining 248 patients who had received 
androgen deprivation therapy, brachytherapy and external beam 
radiation therapy, the 5-year overall survival was even higher, 
at 96% (93.0–98.0) [30]. Furthermore, a systematic review that 
focused on studies from sub-Saharan Africa indicated that men 
diagnosed with non-metastatic prostate cancer survive longer 
than those with metastatic disease [31].

A combination of factors may be associated with the observed sur-
vival differences between the previously mentioned studies. The 

TABLE 2    |    Follow-up, death, and survival estimates in the cohort.

Total

Number of men followed up N (%) 738 (99.6)

Mean (SD) age at diagnosis in years 65.8 ± 7.9

Median time since diagnosis IQR, 
yearsa

4.0 (3.1–4.9)

Median time of follow up IQR, years 4.3 (3.5–5.0)

Status at end of follow-upb

Died 123 (16.7)

Administrative censoring at 5 years 151 (20.5)

Administrative censoring before 
5 years

461 (62.4)

Early censoring (lost to follow up) 3 (0.4)

Number of deaths during time since diagnosis (years)

0 to < 1 12 (1.6)

1 to < 2 24 (3.2)

2 to < 3 33 (4.5)

3 to < 4 36 (4.9)

4 to ≤ 5 18 (2.4)

Median age (IQR) of deceased men 
during the 5-year follow-up period in 
years

71 (59–87)

1-year survival

Overall survival 98.4 (97.5–99.3)

Net survivalc 99.0 (98.0–100.0)

Age-standardised net survival 99.0 (98.0–100.0)

3-year survival

Overall survival 90.3 (88.2–92.5)

Net survivalc 93.0 (91.0–95.0)

Age-standardised net survival 96.0 (93.0–99.0)

5-year survival

Overall survival 79.0 (75.6–82.6)

Net survivalc 83.0 (79.0–87.0)

Age-standardised net survival 91.0 (86.0–97.0)

Note: Data are n (%) or percentage surviving (95% CI) unless otherwise 
indicated.
aRegardless of vital status.
bEnd of follow-up to earliest of 5 years after diagnosis or November 7, 2022, 
whichever came first.
cNet survival accounts for background age-specific national mortality in men. 
Age-standardised net survival accounts for age group weights based on the 
International Cancer Survival Standardisation (ICSS) method.

FIGURE 3    |    Kaplan–Meier estimates of overall survival according 
to National Comprehensive Cancer Network (NCCN) risk stratification 
of non-metastatic prostate cancer (low, intermediate, and high risk). 
Differences in overall survival were assessed using the log-rank test. 
Level of significance was set at p < 0.05. Strata show the sample size of 
men in the study at each follow up year, and according to the NCCN risk 
stratification.
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differences may reflect variance in staging and treatment of the 
disease between countries [32, 33]. Furthermore, differences in 
sample sizes as a result of missing data and inadequate follow-up 

may also underestimate survival. The small sample sizes of non-
metastatic cases in most studies from LMICs could suggest a gen-
eral late presentation for prostate cancer diagnosis. Supporting 

FIGURE 4    |    Multivariable Cox proportional hazards regression on overall survival and associated risk factors. All variables were included in 
the single multivariable model. Data are presented as hazards ratios (HR) with corresponding 95% confidence intervals (CIs), depicted by symbols 
and bars, respectively. The vertical solid line passing through 1 demarcates the null effect, with HR > 1 indicating higher hazard (i.e., worse overall 
survival).
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evidence from a systematic review including 13 studies from sub-
Saharan Africa showed that 6.4%–43.0% of men present for a diag-
nosis of non-metastatic prostate cancer [34]. This is in contrast to 
high-income countries such as the US, where approximately 70% 
of men present with non-metastatic disease [35]. Screening is asso-
ciated with early detection and therefore is important for identify-
ing low grade tumours in prostate cancer.

The high 5-year overall survival observed in our study aligns with 
findings reported in other high-income countries, such as Norway 
and the US. From Norway, analyses from nearly 3500 men from 
the National Cancer Registry with non-metastatic prostate cancer 
reported an overall survival of 89.8% (95% CI 88.8–90.8) [36]. When 
stratified by treatment received, overall survival was lower among 
patients who did not receive local treatment, at 74.4% (95% CI 
72.0–76.6), while those who received radiotherapy with or without 
adjuvant hormonal therapy were higher (92.6% (95% CI 91.0–93.9)) 
and even higher in those who received surgery 95.9% (94.3–97.0). 
In our study, the overall survival of 79.0% (75.6–82.6) was closer 
to those in the no local treatment group of the Norwegian study. 
Findings from the SEER Program including over 150,000 patients 
with high risk non-metastatic prostate cancer showed an overall 5-
year overall survival of 85.5 (85.3–85.7) [37]. The differences in the 
magnitude may be related to treatments received between studies. 
In our study, no participants received surgery, and we could not 
confirm if participants received brachytherapy or external beam 
radiation therapy. Our findings of high survival are consistent 
with our expectation that non-metastatic prostate cancer is typi-
cally indolent, regardless of screening practices. This is interesting 
because the high survival in our study, an unscreened population 
was similar to studies from high-income settings where screen-
ing is routine. This underscores the significance of the biology of 
prostate cancer regardless of screening practices. Consequently, 
in lower-income settings where the screening uptake is typically 
low, aggressive treatment approaches including radiotherapy and 
surgery may not be warranted. These findings may therefore help 
strengthen intervention strategies towards more surveillance in 
low-risk non-metastatic prostate cancer and increasing aggressive 
approaches towards metastatic disease.

The finding that older age at diagnosis was associated with a 
poorer prognosis of prostate cancer is consistent with global 
studies. One large study of 10,901 men in the UK with a fol-
low-up of 14 years showed that older age was associated with a 
poorer prognosis [38]. This is reflective of the slow, progressive 
nature of the disease, which makes it more common among 
older men. The association between age at diagnosis and overall 
survival could also be indicative of delays in screening because 
of the location of the prostate, making it difficult for men to dis-
close their symptoms much earlier. Furthermore, the discomfort 
of digital rectal examination may discourage elderly men from 
seeking timely treatment. In the present study, we also observed 
that there were delays from the time patients received a referral 
to our study centre, where diagnosis was confirmed.

The present study showed that having diabetes and non-
metastatic prostate cancer at recruitment was associated with 
a lower 5-year overall survival. The finding that the association 
was attenuated between diabetes and survival among older par-
ticipants warrants further investigations. This finding may re-
flect limited statistical power due to the relatively small number 

of diabetic participants in subgroup analyses, despite the prev-
alence estimates being similar (older: 62 [16.4%]; younger: 53 
[15.1%]). Similarly, the finding that hormonal treatment was 
associated with survival only among the young participants 
may reflect limited statistical power as suggested by the wide 
confidence intervals (HR = 6.61, 95% CI 2.01–21.70). Our find-
ings from the total sample and younger participants stratifica-
tion align with previous meta-analyses that have shown that 
pre-existing diabetes is associated with lower overall survival 
[39, 40]. It is possible that there is an aggressive interaction be-
tween diabetes and prostate cancer, which is associated with 
increased risk of cardiovascular outcomes and tumour progres-
sion. Similarly, our findings indicate that the combined burden 
of depression and prostate cancer is associated with reduced 
5-year overall survival, also suggesting an adverse interaction 
between the two conditions. This suggests that personalised 
treatment for prostate cancer may be warranted for patients 
with diabetes and/or depression. Moreover, optimising the man-
agement of diabetes and depression may be critical to improving 
overall survival of men diagnosed with prostate cancer.

Although not assessed in this study, we recognise that underly-
ing genetic variation may influence overall survival. Our group 
has previously published on the contribution of common germ-
line variant risk to prostate cancer in the incidence of variants in 
Africa. In addition, the HEROIC PCaPH Africa1K has identified 
rare pathogenic variants in African ancestry, many of which 
were not captured in standard panels based on non-African 
populations [33, 41]. Together, these findings highlight that bio-
logical susceptibility to prostate cancer is not uniform and that 
African populations may harbour distinct genetic architectures 
that influence both incidence and disease aggressiveness. While 
these data underscore the importance of ancestry-specific bio-
logical risk factors, we were unable to assess the contribution 
of biological versus environmental factors on observed survival 
differences. However, through the same MADCaP Network 
Consortium, studies are ongoing to uncover unique race specific 
molecular profiles and correlations to survival outcomes.

Our study had several strengths and limitations. To our knowl-
edge, we had the largest sample size of men with non-metastatic 
prostate cancer from South Africa, with a follow-up duration of 
5 years. We collected comprehensive data, including social and 
health data. We did, however, have some limitations. We had 
a small number of study participants in the low-risk prostate 
cancer group. This was anticipated, as it reflects on the high 
rates of late presentation and missed opportunities for early di-
agnosis. However, in a sub-analysis, we combined the low- and 
intermediate-risk groups to increase statistical power, and the 
associations were similar to those we have already presented. 
The cross-sectional measurement of psychological distress at en-
rolment limited our ability to definitively determine whether the 
PHQ-9 measure reflected pre-existing depression or psycholog-
ical distress triggered by a cancer diagnosis. However, given the 
nature of how the participants progressed through the healthcare 
system (i.e., from the primary to the tertiary healthcare facilities 
where the PHQ-9 was administered), we hypothesise that the 
psychological status and responses measured at this point may 
have been associated with the cancer diagnosis. Future research 
using longitudinal assessments and broader psychological profil-
ing including mental health history, duration of symptoms and 
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use of antidepressant treatment would be valuable in disentan-
gling these associations. A substantial proportion of participants 
were administratively censored before accruing 5 years of fol-
low-up due to closure of the database. Many men were diagnosed 
late in the enrolment period and had not yet accrued 5 years of 
potential follow-up by the data freeze. This pattern reflects roll-
ing enrolment and a limited observation window rather than 
true loss to follow-up. Only 0.4% of participants were lost, which 
shows strong retention and reliable mortality capture. Although 
this constrained our ability to estimate long-term survival with 
precision, administrative censoring is non-informative and 
is appropriately handled by Kaplan–Meier and Cox methods; 
therefore, this limitation is unlikely to bias the overall survival 
estimates. The overall survival was high (98.4% at 1-year, 90.3% 
at 3 years and 79.0% at 5-years). In a resource limited setting 
such as ours, disease specific mortality is very difficult to collect 
robustly. We lacked cause-specific survival data, and therefore 
the overall survival may be confounded by non-cancer mortal-
ity. For example, the last months of recruitment occurred during 
the COVID-19 pandemic, and around 2 years of follow-up fell 
within this period. Therefore, even though the period of over-
lap with recruitment was small, pandemic-related mortality may 
have confounded overall survival. As a result, we were only able 
to evaluate associations with overall survival but not prostate 
cancer specific deaths. Although we collected vital status data 
through follow-ups and searched VerifyID, a publicly available 
administrative database, we could retrieve information on liv-
ing or deceased status and only a few data on cause of death. 
Consequently, we used overall survival as the outcome, which re-
flects the combined burden of cancer-related and unrelated mor-
tality, potentially limiting attribution to prostate cancer alone. To 
mitigate this limitation, we modelled overall survival using so-
cial and health data. We also conducted stratified analyses by age 
groups to identify factors beyond those associated with ageing. A 
key limitation was reduced statistical power due to smaller sam-
ple sizes within these subgroups. We recognise potential data 
quality variability due to missing or incomplete values for key 
variables (including PSA, Gleason score, T-stage and follow-up). 
However, missing data were relatively low to impact effect esti-
mates. We acknowledge that self-report for a diabetes diagnosis 
is less accurate than biochemical confirmation as it introduces 
potential misclassification and under-detection. We lacked ge-
nomic or molecular profiling on participants, which could have 
uncovered race-specific tumour biology. Furthermore, our study 
participants were from local community-based primary care 
clinics in greater Soweto, and therefore, the findings may not 
be nationally representative. Future studies should include di-
verse regions to better capture national representation, includ-
ing urban–rural differences. Despite these limitations, our study 
makes a valuable contribution to the literature as, to the best of 
our knowledge, it is the largest study to date on risk stratification 
and survival analyses in non-metastatic prostate cancer in a sub-
Saharan African population.

In conclusion, our study underscores the importance of early di-
agnosis of prostate cancer and the need for integrated care in the 
management of individuals having comorbidities, particularly di-
abetes and depression. Such targeted interventions may improve 
overall survival. We have therefore generated valuable data on 
the overall survival of non-metastatic prostate cancer from a ter-
tiary hospital in urban South Africa, and this information may 

be useful for policy formulation towards integrated management 
of chronic diseases and improving overall survival.

Author Contributions

Raylton P. Chikwati: conceptualisation; methodology; data cu-
ration; investigation; validation; formal analysis; data visualisa-
tion; writing – original draft; writing – review and editing. Monica 
Ewomazino Akokuwebe: writing – review and editing; validation. 
Olaide O. Ojoniyi: writing – review and editing; validation. Rebaone 
Petlele: writing – review and editing; validation. Shane A. Norris: 
supervision; conceptualisation; methodology; validation; writing – 
review and editing. Audrey Pentz: data curation; writing – review 
and editing; project administration. Sean Doherty: data curation; 
writing – review and editing; project administration. Timothy R. 
Rebbeck: funding acquisition; review and editing. Maureen Joffe: 
funding acquisition; supervision; methodology; writing – review and 
editing; project administration. Wenlong C. Chen: supervision; data 
curation; methodology; writing – review and editing; project admin-
istration. All authors reviewed and approved the manuscript before 
submission for publication.

Acknowledgements

We thank the study participants, study coordinators, and field teams at 
the Chris Hani Baragwanath Academic Hospital for this work. Open 
Access funding enabled and organized by Projekt DEAL.

Funding

This study was funded by an NCI grant U01CA184374 entitled 
Genetics of Prostate Cancer in Africa. Furthermore, the study was 
also funded/supported by the Department of Science and Technology 
and Innovation- National Research Foundation (DSTI-NRF) Centre 
of Excellence in Human Development at the University of the 
Witwatersrand, Johannesburg. The project on which this publica-
tion is based was in part funded by the German Federal Ministry of 
Research, Technology, and Space 01KA2220B. This research was 
funded in part by the Science for Africa Foundation to the Developing 
Excellence in Leadership, Training and Science in Africa (DELTAS 
Africa) program [Del-22-008] with support from Wellcome Trust and 
the UK Foreign, Commonwealth & Development Office and is part 
of the EDCPT2 programme supported by the European Union. The 
opinions expressed and the conclusions drawn are those of the au-
thors and are not to be attributed to the funders.

Ethics Statement

This study was approved by the University of the Witwatersrand Human 
Research Ethics Committee (M150934 and M220673). All participants 
provided written informed consent.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

All statistical results are reported in this publication. R scripts and Stata 
do-files used in the analyses are available from the corresponding au-
thor upon reasonable request.

References

1. F. Bray, M. Laversanne, H. Sung, et al., “Global cancer Statistics 2022: 
GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36 
Cancers in 185 Countries,” CA Cancer Journal for Clinicians 74, no. 3 
(2024): 229–263.



12 of 13 Cancer Medicine, 2026

2. R. Marima, M. Mbeje, R. Hull, D. Demetriou, N. Mtshali, and Z. 
Dlamini, “Prostate Cancer Disparities and Management in Southern 
Africa: Insights Into Practices, Norms and Values,” CMAR 14 (2022): 
3567–3579.

3. Y. A. Nyame, M. R. Cooperberg, M. G. Cumberbatch, et al., “Decon-
structing, Addressing, and Eliminating Racial and Ethnic Inequities in 
Prostate Cancer Care,” European Urology 82, no. 4 (2022): 341–351.

4. O. W. Brawley and R. Ramalingam, “The Enigma of Race and Pros-
tate cancer,” Cancer 130, no. 2 (2024): 179–181.

5. R. A. Vince, R. Jiang, M. Bank, et  al., “Evaluation of Social Deter-
minants of Health and Prostate Cancer Outcomes Among Black and 
White Patients: A Systematic Review and Meta-Analysis,” JAMA Net-
work Open 6, no. 1 (2023): e2250416.

6. J. W. Lillard, K. A. Moses, B. A. Mahal, and D. J. George, “Racial Dis-
parities in Black Men With Prostate Cancer: A Literature Review,” Can-
cer 128, no. 21 (2022): 3787–3795.

7. E. A. Tindall, L. R. Monare, D. C. Petersen, et al., “Clinical Presen-
tation of Prostate Cancer in Black South Africans,” Prostate 74, no. 8 
(2014): 880–891.

8. K. Gheybi, N. Mmekwa, M. T. Lebelo, et al., “Linking African An-
cestral Substructure to Prostate cancer Health Disparities,” Scientific 
Reports 13, no. 1 (2023): 20909.

9. National Health Laboratory Service and National Cancer Registry, 
“Summary Statistics of Cancer Diagnosed Histologically in 2022,” 
accessed October 15, 2024, https://​www.​nicd.​ac.​za/​centr​es/​natio​nal-​
cance​r-​regis​try/​.

10. International Agency for Research on Cancer, “Global Cancer Ob-
servatory: Cancer Today. South Africa Fact Sheet,” Lyon, France. 2020, 
https://​cansa.​org.​za/​files/​​2021/​02/​IARC-​Globo​can-​SA-​2020-​Fact-​
Sheet.​pdf?​utm_​sourc​e=​chatg​pt.​com.

11. J. Ferlay, M. Ervik, F. Lam, et al., Global Cancer Observatory: Cancer 
Today (International Agency for Research on Cancer, 2024), https://​gco.​
iarc.​who.​int/​today​.

12. Y. Ruffieux, N. V. Fernández Villalobos, C. Didden, et al., “Prostate 
Cancer Diagnosis Rates Among Insured Men With and Without HIV 
in South Africa: A Cohort Study,” Cancer Epidemiology, Biomarkers & 
Prevention 33, no. 8 (2024): 1057–1064.

13. Y. S. Pumpalova, A. Ramakrishnan, M. May, et  al., “Biochemical 
Progression Free and Overall Survival Among Black Men With Stage 
IV Prostate cancer in South Africa: Results From a Prospective Cohort 
Study,” Cancer Medicine 13, no. 1 (2024): e6739.

14. M. O. A. Benedict, W. J. Steinberg, F. M. Claassen, N. Mofolo, and 
M. Benedict, “The Profile of Black South African Men Diagnosed With 
Prostate Cancer in the Free State, South Africa,” South African Family 
Practice 65, no. 1 (2023): e1–e10.

15. N. Cassim, A. Ahmad, R. Wadee, T. R. Rebbeck, D. K. Glencross, 
and J. A. George, “Prostate cancer Age-Standardised Incidence In-
crease Between 2006 and 2016 in Gauteng Province, South Africa: A 
Laboratory Data-Based Analysis,” South African Medical Journal 111, 
no. 1 (2020): 26.

16. National Comprehensive Cancer Network, “NCCN Prostate Can-
cer Guidelines, 2022. Version 4.2022,” accessed September 8, 2022, 
https://​www.​nccn.​org/​guide​lines/​​guide​lines​-​detail?​categ​ory=​1&​
id=​1459.

17. T. P. Seraphin, W. Y. Joko-Fru, S. S. Manraj, et al., “Prostate cancer 
Survival in Sub-Saharan Africa by Age, Stage at Diagnosis, and Human 
Development Index: A Population-Based Registry Study,” Cancer 
Causes & Control 32, no. 9 (2021): 1001–1019.

18. J. O. Bello, “Natural History of Castration-Resistant Prostate cancer 
in Sub-Saharan African Black Men: A Single-Centre Study of Nigerian 
Men,” Ecancermedicalscience 12 (2018): 797.

19. N. D. James, I. Tannock, J. N'Dow, et al., “The Lancet Commission 
on Prostate cancer: Planning for the Surge in Cases,” Lancet 403, no. 
10437 (2024): 1683–1722.

20. C. Andrews, B. Fortier, A. Hayward, et al., “Development, Evalua-
tion, and Implementation of a Pan-African Cancer Research Network: 
Men of African Descent and Carcinoma of the Prostate,” Journal of Gy-
necologic Oncology 4 (2018): 1–14.

21. K. Kroenke, R. L. Spitzer, and J. B. W. Williams, “The PHQ-9: Valid-
ity of a Brief Depression Severity Measure,” Journal of General Internal 
Medicine 16, no. 9 (2001): 606–613.

22. M. Zimmerman, “Using the 9-Item Patient Health Questionnaire to 
Screen for and Monitor Depression,” Journal of the American Medical 
Association 322, no. 21 (2019): 2125–2126.

23. P. A. James, S. Oparil, B. L. Carter, et  al., “2014 Evidence-Based 
Guideline for the Management of High Blood Pressure in Adults: Re-
port From the Panel Members Appointed to the Eighth Joint National 
Committee (JNC 8),” Journal of the American Medical Association 311, 
no. 5 (2014): 507–520.

24. World Health Organization, Global Action Plan on Physical Activity 
2018–2030: More Active People for a Healthier World (World Health Or-
ganization, 2018), 101 p, https://​iris.​who.​int/​handle/​10665/​​272722.

25. I. Corazziari, M. Quinn, and R. Capocaccia, “Standard Cancer Pa-
tient Population for Age Standardising Survival Ratios,” European Jour-
nal of Cancer 40, no. 15 (2004): 2307–2316.

26. B. Rachet, C. Maringe, L. M. Woods, L. Ellis, D. Spika, and C. Al-
lemani, “Multivariable Flexible Modelling for Estimating Complete, 
Smoothed Life Tables for Sub-National Populations,” BMC Public 
Health 15, no. 1 (2015): 1240.

27. P. T. Courtney, R. Deka, N. V. Kotha, et al., “Metastasis and Mortal-
ity in Men With Low- and Intermediate-Risk Prostate Cancer on Active 
Surveillance,” Journal of the National Comprehensive Cancer Network 
20, no. 2 (2022): 151–159.

28. A. Katz, S. C. Formenti, and J. Kang, “Predicting Biochemical Disease-
Free Survival After Prostate Stereotactic Body Radiotherapy: Risk-
Stratification and Patterns of Failure,” Frontiers in Oncology 6 (2016): 168.

29. S. Mahjoub Taha, H. Y. Weng, M. El Imam Mohammed, et al., “Pros-
tate Cancer Clinical Characteristics and Outcomes in Central Sudan,” 
Ecancermedicalscience 14 (2020): 1116.

30. D. Kitson-Mills, A. Donkor, Y. A. Amoako, et  al., “Outcomes and 
Toxicities After Treatment for Men Diagnosed With Localized Prostate 
Cancer in Low- and Middle-Income Countries: A Systematic Review 
and Meta-Analysis,” Advances in Radiation Oncology 10, no. 1 (2025): 
101670.

31. A. Degu, A. N. Mekonnen, and P. M. Njogu, “A Systematic Review 
of the Treatment Outcomes Among Prostate Cancer Patients in Africa,” 
Cancer Investigation 40, no. 8 (2022): 722–732.

32. T. P. Seraphin, W. Y. Joko-Fru, L. Hämmerl, et  al., “Presentation, 
Patterns of Care, and Outcomes of Patients With Prostate Cancer in 
Sub-Saharan Africa: A Population-Based Registry Study,” Cancer 127, 
no. 22 (2021): 4221–4232.

33. R. Janivara, W. C. Chen, U. Hazra, et al., “Heterogeneous Genetic 
Architectures of Prostate Cancer Susceptibility in Sub-Saharan Africa,” 
Nature Genetics 56, no. 10 (2024): 2093–2103.

34. A. Cassell, B. Yunusa, M. Jalloh, et al., “A Review of Localized Pros-
tate Cancer: An African Perspective,” World Journal of Oncology 10, no. 
4–5 (2019): 162–168.

35. United States Cancer Statistics (USCS), Prostate Cancer Incidence 
by Stage at Diagnosis, United States—2001−2019 (U.S. Department 
of Health and Human Services, 2023), Report No.: No. 34, https://​
www.​cdc.​gov/​unite​d-​state​s-​cance​r-​stati​stics/​​publi​catio​ns/​prost​ate-​
cancer.​html.

https://www.nicd.ac.za/centres/national-cancer-registry/
https://www.nicd.ac.za/centres/national-cancer-registry/
https://cansa.org.za/files/2021/02/IARC-Globocan-SA-2020-Fact-Sheet.pdf?utm_source=chatgpt.com
https://cansa.org.za/files/2021/02/IARC-Globocan-SA-2020-Fact-Sheet.pdf?utm_source=chatgpt.com
https://gco.iarc.who.int/today
https://gco.iarc.who.int/today
https://www.nccn.org/guidelines/guidelines-detail?category=1&id=1459
https://www.nccn.org/guidelines/guidelines-detail?category=1&id=1459
https://iris.who.int/handle/10665/272722
https://www.cdc.gov/united-states-cancer-statistics/publications/prostate-cancer.html
https://www.cdc.gov/united-states-cancer-statistics/publications/prostate-cancer.html
https://www.cdc.gov/united-states-cancer-statistics/publications/prostate-cancer.html


13 of 13Cancer Medicine, 2026

36. S. D. Fosså, Y. Nilssen, R. Kvåle, E. Hernes, K. Axcrona, and B. 
Møller, “Treatment and 5-Year Survival in Patients With Nonmetastatic 
Prostate Cancer: The Norwegian Experience,” Urology 83, no. 1 (2014): 
146–153.

37. P. Song, J. Wang, M. Shu, et al., “Prognosis of Men With High-Risk 
Prostate Cancer Stratified by Risk Factors: A Population-Based Retro-
spective Cohort Study,” Translational Cancer Research 9, no. 10 (2020): 
6013–6025.

38. S. W. D. Merriel, S. M. Ingle, M. T. May, and R. M. Martin, “Ret-
rospective Cohort Study Evaluating Clinical, Biochemical and Phar-
macological Prognostic Factors for Prostate Cancer Progression Using 
Primary Care Data,” BMJ Open 11, no. 2 (2021): e044420.

39. J. Lee, E. Giovannucci, and J. Y. Jeon, “Diabetes and Mortality in 
Patients With Prostate cancer: A meta-Analysis,” Springerplus 5, no. 1 
(2016): 1548.

40. H. Cai, Z. Xu, T. Xu, B. Yu, and Q. Zou, “Diabetes Mellitus Is Asso-
ciated With Elevated Risk of Mortality Amongst Patients With Prostate 
cancer: A Meta-Analysis of 11 Cohort Studies,” Diabetes/Metabolism 
Research and Reviews 31, no. 4 (2015): 336–343.

41. K. Gheybi, P. X. Y. Soh, J. Jiang, et al., “Pathogenic Variants Reveal 
Candidate Genes for Prostate Cancer Germline Testing for Men of Afri-
can Ancestry,” Nature Communications 16, no. 1 (2025): 8799.

Supporting Information

Additional supporting information can be found online in the 
Supporting Information section. Data S1: Supporting Information. 


	Factors Associated With Risk Stratification and Overall Survival of Black South African Men With Non-Metastatic Prostate Cancer
	ABSTRACT
	1   |   Introduction
	2   |   Methods
	2.1   |   Study Population
	2.2   |   Participant Recruitment and Inclusion Criteria
	2.3   |   Data Collection
	2.4   |   Study Outcomes
	2.5   |   Statistical Analyses

	3   |   Results
	3.1   |   Social and Health Factors at Study Recruitment
	3.2   |   Factors Associated With Risk Stratification
	3.3   |   Survival
	3.4   |   Factors Associated With Overall Survival

	4   |   Discussion
	Author Contributions
	Acknowledgements
	Funding
	Ethics Statement
	Conflicts of Interest
	Data Availability Statement
	References


