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Abstract
Background: Men of African descent are disproportionately affected by 
prostate cancer (PCa), and many have metastatic disease at presentation. 
In South Africa (SA), androgen deprivation therapy (ADT) is the first-line 
treatment for stage IV PCa.
Objective: To identify predictors of overall survival (OS) in Black South African 
men with stage IV PCa treated with ADT.
Design, Setting, and Participants: Men diagnosed with prostate cancer 
(3/22/2016–10/30/2020) at Chris Hani Baragwanath Academic Hospital in 
Soweto, Johannesburg, were recruited for the Men of African Descent with 
Cancer of the Prostate study. We included men with newly diagnosed stage IV 
PCa treated with ADT who had a prostate-specific antigen (PSA) level drawn 
prior to initiation of ADT and had ≥1 PSA drawn ≥12 weeks after ADT start.
Outcomes Measures and Statistical Analysis: We used Kaplan–Meier 
statistics to estimate OS and Cox regression models to identify predictors of OS.
Results and Limitations: Of the 1097 men diagnosed with prostate cancer, 
we included 153 men with stage IV PCa who received ADT and met PSA 
requirements. The median age was 68.0 years (interquartile range 64–73 years). 
Median OS from time of ADT initiation was 3.39 years (95% confidence interval 
(CI): 3.14%–noncalculable), while biochemical progression-free survival was 
2.36 years (95% CI: 2.03%–3.73%). Biochemical progression (HR 3.52, 95% CI: 
1.85%–6.70%), PSA nadir level >4 ng/mL (HR 3.77, 95% CI: 1.86%–7.62%), 
alkaline phosphatase level at diagnosis >150 IU/dL (HR 3.09, 95% CI: 1.64%–
5.83%), and hemoglobin at diagnosis <13.5 g/dL (HR 2.90, 95% CI: 1.28%–6.56%) 
were associated with worse OS.
Conclusions: In this study, we identified factors associated with poor OS among 
Black South African men with stage IV PCa treated with ADT. These factors may 
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1   |   BACKGROUND

Prostate cancer (PCa) is the second most common can-
cer and the fifth most common cause of cancer death 
in men worldwide, and it was responsible for 6.8% of 
all cancer-related deaths in men in 2020.1 In addition 
to increasing age and a family history of PCa, African 
ancestry is one of the few known risk factors for PCa.2–4 
Studies from Sub-Saharan Africa (SSA) have shown a 
rising PCa incidence and a high percentage of men pre-
senting with stage IV PCa. Reports from Burkina Faso, 
Togo, Nigeria, Kenya, Senegal, and the Ivory Coast show 
that 67%–99% of patients presented with advanced or 
metastatic PCa.5

The age-standardized risk (ASR) for PCa in SA was 
52.73 per 100,000 men in 2019.6 White men have the high-
est risk, with an estimated ASR of 77 per 100,000 in 2017, 
compared to 45 per 100,000 in Black men.6 This may reflect 
a true difference in incidence or may be due to differential 
access to diagnosis and screening in the Black population, 
who experience a myriad of barriers to healthcare access 
and frequently receive care in the low-resourced public 
healthcare sector in SA.

In SA, first line of treatment for Stage IV PCa is an-
drogen-deprivation therapy (ADT) with luteinizing hor-
mone-releasing hormone (LHRH) agonists and/or oral 
non-steroidal first-generation antiandrogens, with or 
without bilateral orchiectomy.7 In the public healthcare 
sector, second-generation anti-androgen agents are not 
available, and chemotherapy is grossly underused. Studies 
from high-income countries show that among men who 
receive first-line monotherapy with medical ADT and/or 
orchiectomy for Stage IV PCa, many will develop castrate 
resistance and die from PCa.8,9 The rate of progression 
to castrate-resistant PCa and death among Black African 
men with Stage IV PCa treated with ADT is poorly un-
derstood. Understanding the demographic and clinical 
factors associated with progression to castrate resistance 
and/or death in this population will allow clinicians to 

select patients who may benefit from more aggressive up-
front therapy.

In this study, we estimated the overall survival (OS) of 
Black African men diagnosed with stage IV PCa in SA and 
determine the demographic and clinical factors associated 
with OS. Our secondary aim was to determine the bio-
chemical progression-free survival (bPFS) and to evaluate 
if biochemical progression is correlated with OS.

2   |   METHODS

2.1  |  Data source

The MADCaP Consortium is a case–control study of 
men of African ancestry with PCa and age-matched 
controls.10,11 This analysis is restricted to men enrolled 
in MADCaP at the Chris Hani Baragwanath Academic 
Hospital (CHBAH) in Soweto, Johannesburg, SA.

2.2  |  Patient population

We included men ≥30 years of age of African descent 
enrolled in MADCaP and receiving care at the CHBAH 
site in Soweto, Johannesburg, between March 22nd, 
2016 and October 30th, 2020. Soweto is a township in 
Johannesburg; its population is 98.5% Black and has one 
of the highest rates of poverty in the region.12 Included 
patients had stage IV PCa with no prior cancer diagnosis 
and had lived in the greater Soweto area for ≥10 years. 
Stage IV PCa was defined as invasive adenocarcinoma of 
the prostate on prostate biopsy and evidence of distant 
metastasis on nuclear bone scan and/or other imaging 
within 6 months of diagnosis, or invasive prostate ade-
nocarcinoma on biopsy of a distant metastatic site. Men 
with incomplete metastatic workups were excluded. We 
included only patients who underwent bilateral orchi-
ectomy and/or received ≥1 dose of medical ADT, had a 
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prostate-specific antigen (PSA) level drawn prior to or 
on the day of ADT start, and had ≥1 PSA level drawn 
≥12 weeks after ADT start.

2.3  |  Data collection

We collected demographic, clinical, and outcomes data on 
each subject, including age at diagnosis, self-reported race, 
marital status, body mass index (BMI), waist circumference, 
number of years of education, income, self-reported history 
of cardiovascular disease (diabetes mellitus, hypertension, 
hyperlipidemia, ischemic heart disease, and stroke), HIV 
status, smoking history, and family history of PCa. PCa 
symptoms and Patients' International Prostate Symptom 
Score (IPSS) at diagnosis were recorded.13 Gleason group, 
presence of lymphovascular and perineural invasion (LVI/
PNI), and tumor volume (as a percent of total prostate 
volume) were obtained from pathology reports. Clinical 
T-stage was determined by digital rectal exam.

Prostate-specific antigen, alkaline phosphatase (ALP), 
calcium, and hemoglobin (Hgb) levels were obtained at 
enrollment. Management protocol at CHBAH included 
PSA level at time of diagnosis and every 6–12 months. 
Treatment protocol consisted of ADT with a LHRH ago-
nist (goserelin or buserelin) every 3 months. Oral non-ste-
roidal antiandrogens (flutamide or bicalutamide) were 
prescribed to symptomatic patients. Bilateral orchiectomy 
was considered in patients who were unable or unwilling 
to come in for injections.

Treatment and survival outcomes data were collected 
through June 30, 2021. Patients were contacted every 
3–6 months to determine vital status. If the patient or 
identified person of contact were unable to be reached 
for two consecutive follow-up calls, we searched publicly 
available administrative data to determine vital status for 
that patient. If no additional information about vital status 
could be obtained, the patient was censored at last known 
follow-up date.

2.4  |  Survival and biochemical 
progression

Overall survival was defined as time from bilateral orchi-
ectomy or ADT initiation (ADT start) to death from any 
cause (event) or last date when patient was confirmed to 
be alive (censored). Biochemical progression-free survival 
was defined as time from ADT start to biochemical pro-
gression (event) or date when last PSA level was drawn 
(censored). For patients who had an initial decline in PSA 
level after ADT relative to the PSA drawn prior to or on 
day 1 of ADT, post-treatment PSA nadir was defined as 

the lowest post-treatment PSA prior to a subsequent in-
crease in PSA, or last drawn PSA if there was no docu-
mented increase.

Biochemical progression event was defined as any of:

1.	 First PSA value drawn ≥12 weeks after ADT start that 
was ≥2 ng/mL and ≥ 25% compared to posttreatment 
PSA nadir,

2.	 First PSA value drawn ≥12 weeks after ADT start that 
was ≥2 ng/mL and ≥ 25% compared to PSA at ADT start, 
if there was no nadir,

3.	 First PSA value drawn ≥12 weeks after ADT start that 
was ≥5 ng/mL and ≥ 50% compared to PSA level prior to 
ADT start, if there was no nadir and and PSA was not 
drawn at ADT start.

Biochemical progression event definitions were 
adapted from the Prostate Cancer Working Group 3 
recommendations.14,15 Key differences include: (1) 
omitting repeat PSA testing 3 weeks after initial rise to 
confirm a rising PSA trend and (2) including definition 
(3) of biochemical progression. These modifications 
were necessary because the South African public health-
care system does not subsidize more than one PSA level 
every 3 months.

2.5  |  Statistical analysis

We used descriptive statistics to report baseline demo-
graphic and clinical characteristics and Kaplan–Meier 
statistics to estimate OS.

We tested all variables for association with OS using 
univariate Cox proportional hazards models and included 
all variables with a p-value < 0.1 in a multivariate Cox re-
gression model (Table  2). We removed calcium level at 
diagnosis due to low sample size in the elevated category 
(n = 4). PSA progression was treated as a time-dependent 
covariate in all regression models.16

All statistical analyses were done using the R version 
4.0.5 and SAS version 9.4.

3   |   RESULTS

3.1  |  Baseline characteristics

During the study period, 1097 men with PCa enrolled 
in MADCaP at CHBAH. We excluded 227 patients with 
incompletely staged PCa. Out of the remaining 878 pa-
tients, we further excluded 678 with localized PCa and 
included 200 men with stage IV PCa (22.8%). Of these, 
8 men never initiated ADT, and 39 men had insufficient 
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PSA measurements to calculate biochemical progression-
free survival. We included 153 men who met the ADT ad-
ministration and PSA measurement requirements for our 
study. The median age was 68 years (IQR 64–73 years). 
All 153 men (100%) identified as Black, 120 (78.4%) had a 
relatively low income of <1850 ZAR per month (equiva-
lent to <$132), 94 (61.4%) reported a history of ≥1 cardio-
vascular comorbidity, 11 (7.2%) were HIV positive, and 
111 (72.5%) were current or former smokers (Table 1).

Most patients had a history of prostatitis (93.5%) and/
or presence of lower urinary tract symptoms (LUTS) at 
diagnosis (75.2%). At diagnosis, 69 patients (45.1%) had 
PSA levels ≥100 ng/mL, with a median PSA of 71.5 ng/mL 
(IQR 20.72–432.60) (Table 1). Of the 153 patients in our 
cohort, 57.5% had Gleason Group 5 PCa, 29.7% had LVI, 
and 75.8% had PNI on diagnostic biopsy.

3.2  |  Treatment

All 153 patients received a LHRH agonist and/or a first-
generation androgen receptor antagonist, per our inclu-
sion criteria. LHRH agonists included goserelin (146 
patients, 95.4%) and buserelin (1, 0.7%). First-generation 
androgen receptor antagonists included bicalutamide 
(136, 88.9%) and flutamide (4, 2.6%). Twelve patients 
(7.8%) underwent bilateral orchiectomy.

3.3  |  Overall survival

At the time of analysis, 52 (34%) of the 153 patients 
had died. Median OS from time of ADT initiation 
was 3.39 years (95% CI: 3.14%–noncalculable [NC]) 
(Figure 1A). Median follow-up time for the OS analysis 
was 2.75 years. The estimated one-, two-, and three-year 
OS from ADT start was 96.0% (95% CI: 92.9%–99.2%), 
82.1% (95% CI: 75.8%–88.9%), and 61.9% (95% CI: 52.7%–
72.6%), respectively.

Median OS from time of PCa diagnosis was 3.55 years 
in our cohort (95% CI: 3.38–NC). In the broader co-
hort of all 200 patients with Stage IV PCa, the median 
OS from time of PCa diagnosis was 3.38 years (95% CI: 
3.01%–4.55%).

3.4  |  Biochemical 
progression-free survival

The median bPFS was 2.36 years (95% CI: 2.03–3.73) 
(Figure  1B). The estimated one-, two-, and three-year 
bPFS were 87.9% (95% CI: 82.%2–94.1%), 62.5% (95% 

T A B L E  1   Baseline and treatment characteristics of men with 
stage IV prostate cancer who received ADT and were enrolled 
in the MADCaP study at the Chris Hani Baragwanath Academic 
Hospital in Johannesburg, South Africa (2016–2020).

Overall (N = 153)

Age category

<65 years 41 (26.8%)

>=65 years 112 (73.2%)

Marital status

Divorced 15 (9.8%)

Married 96 (62.7%)

Single 10 (6.5%)

Widowed 32 (20.9%)

Education level

>12 years of schooling 4 (2.6%)

0-4 years of schooling 24 (15.7%)

5-12 years of schooling 114 (74.5%)

No Formal education 11 (7.2%)

Income

>10,000 per month 1 (0.7%)

1851–10,000 per month 20 (13.1%)

Chose not to answer 12 (7.8%)

Up to 1850 per month 120 (78.4%)

BMI

BMI 18.5–24.9 65 (42.5%)

BMI < 18.5 9 (5.9%)

BMI 25.0–29.9 44 (28.8%)

BMI > 30.0 35 (22.9%)

Number of cardiovascular comorbiditiesa

0 59 (38.6%)

1 59 (38.6%)

2 28 (18.3%)

3 7 (4.6%)

HIV status

No 142 (92.8%)

Yes 11 (7.2%)

Smoking status

Current smoker 39 (25.5%)

Former smoker 72 (47.1%)

Never smoker 42 (27.5%)

Family history

N-Miss 78

Negative 66 (88.0%)

Positive 9 (12.0%)

Intentional weight loss

N-Miss 2

No 124 (82.1%)

Yes 27 (17.9%)
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CI: 52.8%–73.8%), and 43.6% (95% CI: 32.7%–57.9%), 
respectively.

3.5  |  Multivariate analyses

Our multivariate Cox model for OS included age at diagno-
sis, PSA at diagnosis, tumor volume, Gleason group, ALP 
and hemoglobin at diagnosis, PSA nadir (defined as ≤4 ng/
mL and >4 ng/mL), and biochemical progression. We found 
that biochemical progression (HR 3.52, 95% CI: 1.85%–
6.70%, p-value < 0.001), nadir PSA level >4 ng/mL (HR 3.77, 
95% CI 1.86%–7.62%, p-value < 0.001), ALP >150 IU/dL at 
diagnosis (HR 3.09, 95% CI 164%–5.83%, p-value < 0.001), 
and hemoglobin <13.5 g/dL at diagnosis (HR 2.90, 95% CI 
1.28%–6.56%, p-value = 0.01) were significantly associated 
with worse OS (Table 2). Age ≥ 65 years was also associated 
with worse OS, although the confidence intervals were wide 
(HR 2.40, 95% CI 1.04%–5.53%, p-value 0.04).

4   |   DISCUSSION

The International Agency for Research on Cancer (IARC) 
predicts that yearly deaths from prostate cancer (PCa) 
will more than double in Sub-Saharan Africa (SSA) from 
47,000 in 2020 to more than 100,000 by 2040.17 Recognizing 
this large burden of disease, the National Cancer Control 
Network in the United States (NCCN) and Africa Cancer 

Overall (N = 153)

Prostatitis at diagnosis

No 10 (6.5%)

Yes 143 (93.5%)

IPSS

Median 9.000

Q1, Q3 5.000, 20.000

IPSS category

Mild symptoms 67 (43.8%)

Moderate symptoms 44 (28.8%)

Severe symptoms 42 (27.5%)

Lower urinary tract symptoms at diagnosis

No 38 (24.8%)

Yes 115 (75.2%)

PSA at diagnosis

Median 71.530

Q1, Q3 20.720, 432.600

PSA at diagnosis, categorized

<100 ng/mL 84 (54.9%)

>/=100 ng/mL 69 (45.1%)

Tumor volume (%)

N-Miss 1

<50% 57 (37.5%)

>=50% 95 (62.5%)

Gleason GROUP

Median 5.000

Q1, Q3 3.000, 5.000

LVI at diagnosis

N-Miss 15

No 97 (70.3%)

Yes 41 (29.7%)

PNI at diagnosis

No 37 (24.2%)

Yes 116 (75.8%)

Clinical T-stage

T1 29 (19.0%)

T2 93 (60.8%)

T3 28 (18.3%)

T4 3 (2.0%)

Alkaline phosphatase at diagnosis

N-Miss 1

</=150 IU/L 102 (67.1%)

>150 IU/L 50 (32.9%)

Hemoglobin at diagnosis

N-Miss 2

>=13.5 g/dL 63 (41.7%)

<13.5 g/dL 88 (58.3%)

T A B L E  1   (Continued)

Overall (N = 153)

Calcium at diagnosis

N-Miss 1

</= 2.7 mmol/L 150 (98.7%)

>2.7 mmol/L 2 (1.3%)

Bone only metastatic disease

N-Miss 14

No 6 (4.3%)

Yes 133 (95.7%)

Underwent bilateral orchiectomy

No 142 (92.8%)

Yes 11 (7.2%)

PSA nadir

Median 2.820

Q1, Q3 0.550, 17.930

Abbreviations: HIV, human immunodeficiency virus; IPSS, international 
prostate symptom score; LHRH, luteinizing hormone releasing hormone; 
PSA, prostate-specific antigen.
aIncluded history of stroke, diabetes mellitus, ischemic heart disease, 
hypertension, and hyperlipidemia.

T A B L E  1   (Continued)
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Coalition published the “Harmonized Guidelines for Sub-
Saharan Africa: Prostate Cancer Screening, Diagnosis, and 
Treatment” in 2019.18 These resource-stratified guidelines 
recommend ADT plus a second-generation anti-androgen 
agent (apalutamide or abiraterone) or ADT plus docetaxel 
(for 6 cycles) as the preferred first-line treatment in meta-
static (Stage IV) castrate-sensitive PCa, with ADT alone 
as an alternative (less-preferred) recommendation. These 
recommendations are based on several recent phase III 
randomized controlled trials that have demonstrated 
improved survival for men with stage IV PCa with the 
addition of chemotherapy and/or second-generation anti-
androgen agents to first-line ADT.19–24

Nonetheless, real-world implementation of such can-
cer treatment guidelines is often very delayed or not pos-
sible in low-resource settings. In this study, we report 
detailed real-world demographic, clinical, and treatment 
data, as well as progression-free and overall survival for 
a cohort of 153 Black African men who were diagnosed 
with Stage IV PCa at Chris Hani Baragwanath Academic 
Hospital (CHBAH) in Soweto, Johannesburg (South 
Africa) between March 22nd, 2016 and October 30th, 2020 
and treated with ADT. In our cohort, the median OS from 
ADT initiation was 3.39 years. High ALP and anemia at di-
agnosis, PSA nadir >4 ng/mL after ADT, and biochemical 
progression were associated with shorter OS.

F I G U R E  1   (A) Overall survival and (B) Biochemical progression-free survival from date of ADT initiation in men with Stage IV prostate 
cancer enrolled in the MADCaP study at the Chris Hani Baragwanath Academic Hospital in Johannesburg, South Africa (2016–2020).
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T A B L E  2   Cox proportional hazards ratio models of demographic and clinical factors associated with overall survival among men with 
stage IV prostate cancer who received ADT and were enrolled in the MADCaP study at the Chris Hani Baragwanath Academic Hospital in 
Johannesburg, South Africa (2016–2020).

Characteristic Univariate HR 95% CI p-Value Multivariate HR 95% CI p-Value

Age ≥65 years 1.41 0.68–2.91 0.4 2.40 1.04–5.53 0.04

PSA at diagnosis ≥ 100 ng/mL 2.16 1.24–3.77 0.006 0.87 0.45–1.69 0.7

Tumor volume ≥ 50% 1.90 1.03–3.52 0.041 1.29 0.65–2.54 0.5

Gleason group 1.47 1.07–2.01 0.016 1.21 0.82–1.79 0.3

ALP >150 IU/L 3.30 1.90–5.74 <0.001 3.09 1.64–5.83 <0.001

Hb <13.5 g/dL 4.01 1.94–8.29 <0.001 2.90 1.28–6.56 0.01

PSA nadir >4 ng/mL 4.35 2.28–8.29 <0.001 3.77 1.86–7.62 <0.001

PSA-progression 4.69 2.64–8.35 <0.001 3.52 1.85–6.70 <0.001

Abbreviations: ALP = Alkaline Phosphatase; Hb = Hemoglobin; IPSS = International Prostate Symptom Score; PSA = Prostate-Specific Antigen; UTI = Urinary 
Tract Infection.
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CHBAH is a state-sector hospital with an academic 
affiliation and the largest public hospital in SSA. The 
catchment area of CHBAH is the poor and mostly Black 
population of Soweto township, which is reflected in 
the low median monthly income of the described cohort 
(<1850 ZAR per month, equivalent to <$132). Due to re-
source constraints, first-line treatment for patients with 
Stage IV PCa at CHBAH is restricted to conventional 
ADT (orchiectomy, LHRH agonists, and first-generation 
androgen receptor antagonists). During the study period, 
patients with Stage IV PCa who progressed on ADT were 
referred to Charlotte Maxeke Johannesburg Academic 
Hospital (CMJAH) for chemotherapy (docetaxel) in the 
second-line setting. CMJAH is a sister facility 20 km away 
from Soweto, and many patients cannot afford the taxi far 
to get to apptointments at CMJAH; this explains the likely 
very low rate of patients in our cohort who received sec-
ond-line docetaxel (data not shown).

The Soweto Comprehensive Cancer Center at CHBAH 
opened in 2021 (sponsored by a private pharmaceutical 
company), and second-line docetaxel is now more readily 
available to patients treated at CHBAH. However, chemo-
therapy in the first-line setting for stage IV PCa patients 
remains rare, and second-generation anti-androgens (abi-
raterone, enzalutamide, and apalutamide) are still not 
available due to their high costs. There are significant ef-
forts within the Departments of Urology and Oncology at 
CHBAH to make these treatments available to a limited 
number of selected, high-risk patients, but as of the writ-
ing this paper, no such budget has been approved.

Comparison of the South African cohort described in 
this study to other published studies from SSA demon-
strates both similarities and unique characteristics. In 2021, 
Seraphin et al.25 published a population-based registry study 
of presentation, patterns of care, and outcomes of patients 
with PCa in SSA. The study included 693 patients with PCa 
from 10 countries in SSA (Cote d'ivoire, Ethiopia, Mali, 
Congo, Zimbabwe, Benin, Kenya, Uganda, Mozambique, 
and Namibia). However, detailed tumor characteristics and 
treatment information were available for only 365 patients 
(“traced cohort”) and survival information for 491 patients. 
Like SA, none of these 10 countries have organized or op-
portunistic PCa screening programs, and all men included 
in the study were symptomatic. Among the 365 patients in 
the traced cohort, 37.3% (n = 136) were metastatic, which 
is a higher percentage than in our cohort, where we found 
that 22.8% of men with complete staging and 18.2% of all 
men diagnosed with PCa had metastatic or stage IV dis-
ease at diagnosis. We hypothesize that this difference re-
flects the higher socioeconomic status of SA compared to 
the countries included in the Seraphin et  al. cohort and 
the robust South African healthcare system, where men 
may present to care earlier or may be evaluated more 

expeditiously for symptoms compared to other countries in 
SSA. Alternatively, men in East, West, and Central Africa 
may have more aggressive PCa disease compared to men in 
Southern Africa, although little data exists to support such 
biological differences among African men, and the Seraphin 
et  al. cohort does include men from Zimbabwe, which is 
in Southern Africa. Follow-up studies are warranted to test 
these hypotheses.

The median age of our cohort is comparable to that in 
the Seraphin et al.26 publication (68 years, IQR 64–73 and 
69 years, IQR 63–75, respectively) and older compared to 
the 2017–2019 SEER cohort from the United States (me-
dian age 62 IQR, 56–69 years for Black men and 65, IQR, 
59–71 years White men in the United States). This age 
discrepancy likely reflects prostate cancer screening pat-
terns in the United States and lack of screening in SSA. 
Comparisons of T-stage, PSA, and highest Gleason score 
at presentation between our cohort and the Seraphin 
et al.25 publication are difficult because of the high degree 
of missing data for these variables, even in the traced co-
hort (55.9% no T-stage, 59.6% no PSA at diagnosis, 56.5% 
no Gleason score). The relatively low degree of missing 
data in our cohort makes it unique compared to other 
published cancer data from SSA.

With regards to treatment, of the 136 patients with 
metastatic PCa in the Seraphin et al. cohort, 22.8% (n = 31) 
did not receive any cancer-directed therapy, 59.6% (n = 81) 
received ADT, with or without other cancer-directed ther-
apy, and 17.7% (n = 24) received other cancer-directed 
therapy without ADT (chemotherapy, surgery, or external 
beam radiation). In comparison, only 8 out of 200 men 
with metastatic PCa (4%) did not initiate ADT in our co-
hort, while an additional 39 men (19.5%) initiated ADT 
but were lost to follow-up before at least one PSA level 
was drawn ≥12 weeks after ADT start. This data demon-
strates a higher rate of treatment and/or treatment up-
take with ADT among South African men than what is 
reported from cancer registries in 10 countries across SSA. 
Another striking difference between the Seraphin et  al. 
cohort and our study is a significantly higher rate of sur-
gical ADT in other SSA countries – 45.6% of patients with 
metastatic PCa who received ADT underwent surgical 
orchiectomy, compared to just 7.2% in the South African 
cohort presented here. A similarity between the previ-
ously published cohort and our study is the very low rate 
of treatment with chemotherapy among men with meta-
static PCa; none of the men in our study were treated with 
chemotherapy in the first-line setting, and in the Seraphin 
et al. study, although 77.2% (n = 105) of men with meta-
static PCa received cancer-directed therapy (with or with-
out ADT), only 1 patient received chemotherapy.

Seraphin et  al. present 1-, 3-, and 5-year overall sur-
vival data for the metastatic subgroup (n = 136) of 61.2% 
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(95% CI: 52.2%–70.2%), 25.8% (95% CI: 16.4%–35.2%), and 
14.7% (95% CI: 5.0%–24.5%), respectively. Among 99 pa-
tients with metastatic PCa and ≥12 weeks of follow-up in 
the Seraphin et al. cohort, 2-year OS was approximately 
50% among patients who received cancer-directed ther-
apy, compared to 20% among those who did not. Non-
receipt of cancer-directed therapy was associated with 
worse survival in a multivariable analysis by Seraphin 
et al. In comparison, in our cohort of 153 men treated with 
ADT in Soweto, Johannesburg, 2-year OS from ADT start 
was 82.1% (95% CI: 75.8%–88.9%).

In our cohort of men with metastatic PCa who received 
ADT, we had relatively low rates of missing data and suf-
ficient patients with adequate follow-up to determine OS, 
biochemical progression-free survival, and predictors of 
death. Identifying patients with Stage IV PCa at high risk 
of death is important in resource-constrained healthcare 
settings, as it allows clinicians to select which patients re-
quire more aggressive treatment. With annual costs in the 
United States of approximately $35,000–$50,000 for sec-
ond-generation anti-androgen agents, these drugs are un-
affordable in most low-resource settings.27 On the other 
hand, generic docetaxel in SA costs approximately $10–20 
per dose, making it a realistic treatment option for patients 
with unfavorable risk Stage IV PCa and good functional 
status and supporting the inclusion of this treatment strat-
egy as a preferred option in the resource-stratified NCCN 
guidelines.28 Our study, as well as a population-based can-
cer registry study of patients with PCa in 10 other countries 
in SSA, demonstrate that chemotherapy for stage IV PCa 
is severely underused in this setting.25 In contrast, a retro-
spective cohort study of 874 men diagnosed with PCa at the 
Uganda Cancer Institute was published in 2020 and showed 
that 43.94% of men were treated with chemotherapy (mix of 
men with localized and metastatic PCa).29 The most com-
monly used chemotherapy agents were cabazitaxel and 
docetaxel, in keeping with NCCN recommendations.18,29 
Based on our study, there is clearly room within the South 
African public health system to increase compliance with 
the resource-stratified NCCN guidelines for stage IV PCa.

The findings of our study provide critical data on the 
efficacy of ADT as first-line treatment for patients with 
Stage IV PCa in SA and provide a framework to help cli-
nicians select which patients may benefit most from the 
addition of upfront chemotherapy to ADT. In particular, 
ALP >150 IU/L or Hb <13.5 g/dL at diagnosis and PSA 
nadir >4 ng/mL 12 weeks or more after ADT start were 
all significantly associated with shorter mOS among men 
treated with ADT alone. High ALP and low Hb are consid-
ered markers of mPCa disease severity and have been as-
sociated with worse OS in non-African cohorts as well.30,31 
High PSA nadir is similarly associated with poor response 

to treatment and has been shown to correlate with poor 
prognosis in other studies.32

The bPFS in our cohort was 2.36 years (95% CI: 2.03%–
3.73%). Our multivariate model for mOS demonstrated 
that having a biochemical progression event was signifi-
cantly associated with OS (HR 3.52, 95% CI: 1.85–6.70). 
In Stage IV PCa patients who do not meet high-risk cri-
teria for upfront chemotherapy, biochemical progression 
should prompt addition of chemotherapy to ADT.

To our knowledge, this is the first large study to eval-
uate the factors associated with OS in Black African men 
with Stage IV PCa treated with ADT. Bello et al published 
a small study evaluating factors associated with OS among 
48 Nigerian men with metastatic castrate resistant PCa.33 
In a study including both patients with localized and met-
astatic PCa from Uganda (n = 36 patients with stage IV 
disease), Yahaya et al.34 found that Gleason score and LVI 
were independent predictors of survival.

4.1  |  Strengths and limitations

Study strengths include a large cohort with extensive 
demographic, treatment, laboratory, and survival infor-
mation on all patients. Serial PSA levels are often not 
available from PCa cohorts from SSA; thus, our dataset is 
unique in that it enabled us to accurately estimate bPFS. 
Our analysis provides important information regarding 
OS and bPFS among men with mPCa.

Study limitations include significant censoring of pa-
tients, especially in the bPFS analysis, where censoring 
occurred at date of last recorded PSA. This resulted in 
early censoring of patients lost to follow-up after only 1 or 
2 visits, before progression is expected. Additionally, PSA 
levels were not drawn at standardized time intervals, and 
follow-up times varied between 6 and 12 months, which 
could have biased results. Finally, we excluded patients 
with incompletely staged PCa, many of whom likely had 
Stage IV PCa, which could have further biased our results.

5   |   CONCLUSIONS

Stage IV PCa in SA is treated with ADT alone, with-
out chemotherapy or second-generation anti-androgen 
agents. Survival outcomes in our cohort are similar to 
those of patients with Stage IV PCa in higher-resource 
countries treated with ADT alone and in ADT-alone 
groups of clinical trials. High ALP, anemia at diagnosis, 
PSA nadir >4 ng/mL, and biochemical progression are 
associated with shorter OS in Black South Africans with 
Stage IV PCa treated with ADT. These factors should be 
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used to identify patients for treatment escalation, includ-
ing the early use of chemotherapy.

AUTHOR CONTRIBUTIONS
Yoanna S. Pumpalova: Conceptualization (lead); data 
curation (lead); formal analysis (lead); writing – original 
draft (lead); writing – review and editing (lead). Adarsh 
Ramakrishnan: Data curation (supporting); formal 
analysis (supporting); writing – original draft (support-
ing); writing – review and editing (supporting). Michael 
May: Formal analysis (supporting); writing – original draft 
(supporting); writing – review and editing (supporting). 
Audrey Pentz: Data curation (supporting); investigation 
(supporting); project administration (supporting). Shauli 
Minkowitz: Conceptualization (supporting); investiga-
tion (supporting); writing – review and editing (support-
ing). Sean Doherty: Investigation (supporting); writing 
– review and editing (supporting). Elvira Singh: Data cu-
ration (supporting); formal analysis (supporting); method-
ology (supporting). Wenlong Carl Chen: Data curation 
(supporting); project administration (supporting); writing 
– review and editing (supporting). Timothy R. Rebbeck: 
Conceptualization (supporting); funding acquisition (lead); 
supervision (supporting); writing – review and editing 
(supporting). Alfred I. Neugut: Methodology (support-
ing); supervision (supporting); writing – review and editing 
(supporting). Maureen Joffe: Funding acquisition (sup-
porting); investigation (supporting); project administration 
(lead); writing – review and editing (supporting).

FUNDING INFORMATION
This study was funded by an NIH grant (U01-CA184374) 
awarded to Dr. Rebbeck and MADCaP co-investigators. 
The study was also supported by the National Institutes of 
Health, National Cancer Institute CCSG P30-CA13696 and 
R38 CA231577. The content is solely the responsibility of the 
authors and does not necessarily represent the official views 
of the National Institutes of Health. Dr. Pumpalova was 
also partially funded through an ASCO/Conquer Cancer 
Foundation Young Investigator Award (2021-2022).

CONFLICTS OF INTEREST STATEMENT
Alfred Neugut: Otsuka, United Biosource Corp, Hospira, 
Eisai, and GlaxoSmithKline (Consulting/advisory re-
lationship); EHE Intl (Scientific Advisory Board); 
Otsuka (Research Funding); Yoanna Pumpalova: Pfizer 
(Ownership Interest). The other authors indicated no fi-
nancial relationships.

DATA AVAILABILITY STATEMENT
The datasets generated during an/or analyzed during the 
current study are available from the corresponding author 
in reasonable request.

ETHICS STATEMENT
Approval was obtained from the Human Research 
Ethics Committee (Medical) at the University of the 
Witwatersrand (certificate numbers M150934 and 
M220673) and Harvard University. The procedures used 
in this study adhere to the tenets of the Declaration of 
Helsinki.

CONSENT TO PARTICIPATE
Informed consent was obtained from all individual par-
ticipants included in the study.

PRIOR PRESENTATIONS
This work was presented as a poster at the American 
Society for Clinical Oncology Annual Conference in 
Chicago, IL, USA in June 2022.

ORCID
Yoanna S. Pumpalova   https://orcid.
org/0000-0001-5520-9264 
Timothy R. Rebbeck   https://orcid.
org/0000-0002-4799-1900 

REFERENCES
	 1.	 Sung H, Ferlay J, Siegel RL, et  al. Global cancer statistics 

2020: GLOBOCAN estimates of incidence and mortality 
worldwide for 36 cancers in 185 countries. CA Cancer J Clin. 
2021;71(3):209-249. doi:10.3322/caac.21660

	 2.	 Bigler SA, Pound CR, Zhou X. A retrospective study on patho-
logic features and racial disparities in prostate cancer. Prostate 
Cancer. 2011;2011:1-7. doi:10.1155/2011/239460

	 3.	 Parkin DM, Sitas F, Chirenje M, Stein L, Abratt R, Wabinga 
H. Part I: cancer in indigenous Africans–burden, distribu-
tion, and trends. Lancet Oncol. 2008;9(7):683-692. doi:10.1016/
S1470-2045(08)70175-X

	 4.	 Tindall EA, Bornman MSR, van Zyl S, et al. Addressing the con-
tribution of previously described genetic and epidemiological 
risk factors associated with increased prostate cancer risk and 
aggressive disease within men from South Africa. BMC Urol. 
2013;13:74. doi:10.1186/1471-2490-13-74

	 5.	 Cassell A, Yunusa B, Jalloh M, et al. Management of advanced 
and metastatic prostate cancer: a need for a Sub-Saharan guide-
line. J Oncol. 2019;2019:1-9. doi:10.1155/2019/1785428

	 6.	 National Cancer Registry. Summary statistics of cancer di-
agnosed histologically in 2019. National Health Laboratory 
Service. 2021. https://​www.​nicd.​ac.​za/​wp-​conte​nt/​uploa​ds/​
2021/​12/​NCR_​Path_​2019_​Full_​Report_​8dec2​021.​pdf

	 7.	 Kingham TP, Alatise OI, Vanderpuye V, et al. Treatment of can-
cer in sub-Saharan Africa. Lancet Oncol. 2013;14(4):e158-e167. 
doi:10.1016/S1470-2045(12)70472-2

	 8.	 Schalken J, Fitzpatrick JM. Enzalutamide: targeting the an-
drogen signalling pathway in metastatic castration-resistant 
prostate cancer. BJU Int. 2016;117(2):215-225. doi:10.1111/
bju.13123

	 9.	 Kirby M, Hirst C, Crawford ED. Characterising the cas-
tration-resistant prostate cancer population: a systematic 

https://orcid.org/0000-0001-5520-9264
https://orcid.org/0000-0001-5520-9264
https://orcid.org/0000-0001-5520-9264
https://orcid.org/0000-0002-4799-1900
https://orcid.org/0000-0002-4799-1900
https://orcid.org/0000-0002-4799-1900
https://doi.org//10.3322/caac.21660
https://doi.org//10.1155/2011/239460
https://doi.org//10.1016/S1470-2045(08)70175-X
https://doi.org//10.1016/S1470-2045(08)70175-X
https://doi.org//10.1186/1471-2490-13-74
https://doi.org//10.1155/2019/1785428
https://www.nicd.ac.za/wp-content/uploads/2021/12/NCR_Path_2019_Full_Report_8dec2021.pdf
https://www.nicd.ac.za/wp-content/uploads/2021/12/NCR_Path_2019_Full_Report_8dec2021.pdf
https://doi.org//10.1016/S1470-2045(12)70472-2
https://doi.org//10.1111/bju.13123
https://doi.org//10.1111/bju.13123


10 of 10  |      PUMPALOVA et al.

review – PubMed. Int J Clin Pract. 2011;65(11):1180-1192. 
doi:10.1111/j.1742-1241.2011.02799.x

	10.	 Andrews C, Fortier B, Hayward A, et  al. Development, eval-
uation, and implementation of a pan-African cancer research 
network: men of African descent and carcinoma of the prostate. 
J Glob Oncol. 2018;4:1-14. doi:10.1200/JGO.18.00063

	11.	 Odiaka E, Lounsbury DW, Jalloh M, et  al. Effective project 
management of a pan-African cancer research network: men 
of African descent and carcinoma of the prostate (MADCaP). J 
Glob Oncol. 2018;4:1-12. doi:10.1200/JGO.18.00062

	12.	 Harrison P, Gotz G, Todes A, Wray C. Changing Space, 
Changing City: Johannesburg after Apartheid – Open Access 
Selection. Wits University Press; 2014. Accessed April 26, 2023. 
https://​muse.​jhu.​edu/​pub/​299/​oa_​edited_​volume/​book/​52738​

	13.	 D'Silva KA, Dahm P, Wong CL. Does this man with lower 
urinary tract symptoms have bladder outlet obstruction? The 
rational clinical examination: a systematic review. JAMA. 
2014;312(5):535-542. doi:10.1001/jama.2014.5555

	14.	 Scher HI, Halabi S, Tannock I, et al. Design and end points of 
clinical trials for patients with progressive prostate cancer and 
castrate levels of testosterone: recommendations of the pros-
tate cancer clinical trials working group. JCO. 2008;26(7):1148-
1159. doi:10.1200/JCO.2007.12.4487

	15.	 Scher HI, Morris MJ, Stadler WM, et al. Trial design and ob-
jectives for castration-resistant prostate cancer: updated rec-
ommendations from the prostate cancer clinical trials working 
group 3. J Clin Oncol. 2016;34(12):1402-1418. doi:10.1200/
JCO.2015.64.2702

	16.	 Therneau T, Crowson C, Atkinson E. Using time dependent 
covariates and time dependent coeffcients in the cox model. 
R-Project.Org. 2023;11:1-30.

	17.	 International Agency for Research on Cancer. Estimated num-
ber of deaths from 2020 to 2040, males [0–85+], prostate, Africa. 
Cancer Tomorrow. World Health Organization. Accessed April 
26, 2023. https://​gco.​iarc.​fr/​tomor​row/​en/​datav​iz/​trends?​popul​
ation​s=​910_​911_​913_​914&​cance​rs=​27&​sexes​=​1&​types​=​1

	18.	 NCCN Harmonized Guidelines(TM) for Sub-Saharan Africa: 
Prostate Cancer. National comprehensive cancer network. 
2021. Accessed April 26, 2023. https://​www.​nccn.​org/​profe​
ssion​als/​physi​cian_​gls/​pdf/​prost​ate_​harmo​nized​-​africa.​pdf

	19.	 Rice MA, Malhotra SV, Stoyanova T. Second-generation an-
tiandrogens: from discovery to standard of Care in Castration 
Resistant Prostate Cancer. Front Oncol. 2019;9:801. doi:10.3389/
fonc.2019.00801

	20.	 Kyriakopoulos CE, Chen YH, Carducci MA, et  al. 
Chemohormonal therapy in metastatic hormone-sensi-
tive prostate cancer: long-term survival analysis of the ran-
domized phase III E3805 CHAARTED trial. J Clin Oncol. 
2018;36(11):1080-1087. doi:10.1200/JCO.2017.75.3657

	21.	 Chi KN, Agarwal N, Bjartell A, et  al. Apalutamide for meta-
static, castration-sensitive prostate cancer. N Engl J Med. 
2019;381(1):13-24. doi:10.1056/NEJMoa1903307

	22.	 Davis ID, Martin AJ, Stockler MR, et  al. Enzalutamide with 
standard first-line therapy in metastatic prostate cancer. N Engl 
J Med. 2019;381(2):121-131. doi:10.1056/NEJMoa1903835

	23.	 Fizazi K, Tran N, Fein L, et  al. Abiraterone plus predni-
sone in metastatic, castration-sensitive prostate cancer. New 
England Journal of Medicine. 2017;377(4):352-360. doi:10.1056/
NEJMoa1704174

	24.	 Fizazi K, Tran N, Fein L, et  al. Abiraterone acetate plus 
prednisone in patients with newly diagnosed high-risk met-
astatic castration-sensitive prostate cancer (LATITUDE): 
final overall survival analysis of a randomised, double-blind, 
phase 3 trial. Lancet Oncol. 2019;20(5):686-700. doi:10.1016/
S1470-2045(19)30082-8

	25.	 Seraphin TP, Joko-Fru WY, Hämmerl L, et  al. Presentation, 
patterns of care, and outcomes of patients with prostate can-
cer in sub-Saharan Africa: a population-based registry study. 
Cancer. 2021;127(22):4221-4232. doi:10.1002/cncr.33818

	26.	 Dess RT, Hartman HE, Mahal BA, et  al. Association of 
Black Race with prostate cancer-specific and other-cause 
mortality. JAMA Oncol. 2019;5(7):975-983. doi:10.1001/
jamaoncol.2019.0826

	27.	 Friedman J, Gu F, Klausner JD. Pursuing global equity in access 
to cancer drugs: lessons learned from the HIV epidemic. JAMA 
Oncol. 2019;5(11):1535-1536. doi:10.1001/jamaoncol.2019.3811

	28.	 Mattila PO, Babar ZUD, Suleman F. Assessing the prices and 
affordability of oncology medicines for three common cancers 
within the private sector of South Africa. BMC Health Serv Res. 
2021;21(1):661. doi:10.1186/s12913-021-06627-6

	29.	 Katongole P, Sande OJ, Yusuf M, Joloba M, Reynolds SJ, 
Niyonzima N. Clinical characteristics and primary manage-
ment of patients diagnosed with prostate cancer between 
2015 and 2019 at the Uganda cancer institute. PloS One. 
2020;15(10):e0236458. doi:10.1371/journal.pone.0236458

	30.	 Li D, Lv H, Hao X, Hu B, Song Y. Prognostic value of serum al-
kaline phosphatase in the survival of prostate cancer: evidence 
from a meta-analysis. Cancer Manag Res. 2018;10:3125-3139. 
doi:10.2147/CMAR.S174237

	31.	 Nieder C, Haukland E, Pawinski A, Dalhaug A. Anaemia 
and thrombocytopenia in patients with prostate can-
cer and bone metastases. BMC Cancer. 2010;10:284. 
doi:10.1186/1471-2407-10-284

	32.	 Tomioka A, Tanaka N, Yoshikawa M, et  al. Nadir PSA level 
and time to nadir PSA are prognostic factors in patients 
with metastatic prostate cancer. BMC Urol. 2014;14(1):1-6. 
doi:10.1186/1471-2490-14-33/TABLES/3

	33.	 Bello JO. Predictors of survival outcomes in native sub Saharan 
black men newly diagnosed with metastatic prostate cancer. 
BMC Urol. 2017;17(1):39. doi:10.1186/s12894-017-0228-0

	34.	 Yahaya JJ, Okecha T, Odida M, Wabinga H. Prognostic factors 
for overall survival of patients with prostate cancer in Kyadondo 
County, Uganda. Prostate Cancer. 2020;2020:8517130. 
doi:10.1155/2020/8517130

How to cite this article: Pumpalova YS, 
Ramakrishnan A, May M, 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 
Med. 2024;13:e6739. doi:10.1002/cam4.6739

https://doi.org//10.1111/j.1742-1241.2011.02799.x
https://doi.org//10.1200/JGO.18.00063
https://doi.org//10.1200/JGO.18.00062
https://muse.jhu.edu/pub/299/oa_edited_volume/book/52738
https://doi.org//10.1001/jama.2014.5555
https://doi.org//10.1200/JCO.2007.12.4487
https://doi.org//10.1200/JCO.2015.64.2702
https://doi.org//10.1200/JCO.2015.64.2702
https://gco.iarc.fr/tomorrow/en/dataviz/trends?populations=910_911_913_914&cancers=27&sexes=1&types=1
https://gco.iarc.fr/tomorrow/en/dataviz/trends?populations=910_911_913_914&cancers=27&sexes=1&types=1
https://www.nccn.org/professionals/physician_gls/pdf/prostate_harmonized-africa.pdf
https://www.nccn.org/professionals/physician_gls/pdf/prostate_harmonized-africa.pdf
https://doi.org//10.3389/fonc.2019.00801
https://doi.org//10.3389/fonc.2019.00801
https://doi.org//10.1200/JCO.2017.75.3657
https://doi.org//10.1056/NEJMoa1903307
https://doi.org//10.1056/NEJMoa1903835
https://doi.org//10.1056/NEJMoa1704174
https://doi.org//10.1056/NEJMoa1704174
https://doi.org//10.1016/S1470-2045(19)30082-8
https://doi.org//10.1016/S1470-2045(19)30082-8
https://doi.org//10.1002/cncr.33818
https://doi.org//10.1001/jamaoncol.2019.0826
https://doi.org//10.1001/jamaoncol.2019.0826
https://doi.org//10.1001/jamaoncol.2019.3811
https://doi.org//10.1186/s12913-021-06627-6
https://doi.org//10.1371/journal.pone.0236458
https://doi.org//10.2147/CMAR.S174237
https://doi.org//10.1186/1471-2407-10-284
https://doi.org//10.1186/1471-2490-14-33/TABLES/3
https://doi.org//10.1186/s12894-017-0228-0
https://doi.org//10.1155/2020/8517130
https://doi.org/10.1002/cam4.6739

	Biochemical progression free and overall survival among Black men with stage IV prostate cancer in South Africa: Results from a prospective cohort study
	Abstract
	1|BACKGROUND
	2|METHODS
	2.1|Data source
	2.2|Patient population
	2.3|Data collection
	2.4|Survival and biochemical progression
	2.5|Statistical analysis

	3|RESULTS
	3.1|Baseline characteristics
	3.2|Treatment
	3.3|Overall survival
	3.4|Biochemical progression-free survival
	3.5|Multivariate analyses

	4|DISCUSSION
	4.1|Strengths and limitations

	5|CONCLUSIONS
	AUTHOR CONTRIBUTIONS
	FUNDING INFORMATION
	CONFLICTS OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	ETHICS STATEMENT
	CONSENT TO PARTICIPATE
	PRIOR PRESENTATIONS
	REFERENCES


