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Introduction
Prostate-specific antigen (PSA) is widely used in the detection and monitoring of prostate 
cancer.1,2 Prostate-specific antigen is a glycoprotein produced by the epithelial cells of both 
normal and cancerous prostatic tissues, and is a vital tool for staging prostate carcinoma prior 
to treatment.3 Bone scans are regarded as important images in the pre-treatment of the 
patients. Many studies have shown a significant correlation between serum PSA levels and 
prostate cancer.4 In general, bone scans are expensive and time-consuming5 compared to PSA. 
In this study, we aim to determine if there is a high correlation between PSA test and bone 
scan findings.

Research methods and design
Patient population
In this retrospective study, 84 patients were selected from patient files over a period of 3 years, 
between 2015 and 2018. Bone scans were read as either positive or negative for metastases, based 
on radionuclide uptake. Serum PSA assays were performed using immunoradiometric assay 
(IRMA). The normal range in this laboratory is 0 ng/mL – 4 ng/mL.

Statistical methods
Data analysis was performed using IBM SPSS version 25 (Armonk, NY, USA) and Statistical 
Analysis Software (SAS) version 9.0 (SAS Institute, Cary, NC). Continuous variables were 
summarised using mean ± standard deviation (SD), and medians and interquartile ranges (IQR) 
were used for highly skewed data. Categorical variables were summarised using proportions and 
percentages. Proportions and categorical variables were compared using Pearson’s chi-square test 
and Fisher’s exact test as appropriate.

Ethical considerations
Ethical approval was obtained from Biomedical Research Ethics Committee (BREC) of the 
University of KwaZulu-Natal (BREC number BE295/18).

Results
A total of 84 patients were included in this study: 61 (72.62%) black patients, 14 (16.67%) 
Indian patients and 9 (10.71%) white patients. The age range of patients was from 51 to 82 years, 
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with the following mean ages for different ethnic groups: 
black patients, 68.63 ± 6.40 years; Indian patients, 68.28 ± 6.56 
years and white patients, 70.47 ± 5.61 years. Using, a Shapiro–
Wilk’s test for normality, age of patients was found to be non-
normally distributed, p = 0.056. The median ages of black, 
Indian and white patients were 69  (IQR  63–75), 66 (IQR 
64.75–72.5) and 64 (IQR 62.50–76.50), respectively.

Of the 84 bone scans, 36 (42.86%) were positive (Table 1), and 
all the 36 patients had elevated PSA levels (> 4.1), with a mean 
304.81 ng/mL ± 156 ng/mL and median 55.0 ng/mL. Table 1 
summarises the results of this study, with respect to race, age 
and PSA. Prostate-specific antigen and race had a statistically 
significant association with the incidence of a positive bone 
scan, with p-values of 0.012 and 0.000, respectively. Of 
significance is the fact that 24 patients (92.31%) out of 26 
patients with PSA ≥ 100 had positive bone scan.

No patient with serum PSA value in the reference range 
(0.0 ng/mL – 4.0 ng/mL) had a positive bone scan. As shown 
in Table 1, patients represented a wide range of ages and PSA 
values. Using a Fisher’s exact test, no statistically significant 
association between patient age and incidence of bone 
metastases was observed, p = 0.10. However, bone metastases 
had a statistically significant association with patients’ race, 
PSA level and risk level, with p-values of 0.012, 0.000 and 
0.000, respectively. The mean and median serum PSA 
concentrations in patients with a positive bone scan were 
560.54 ng/mL ± 890.93 ng/mL and 196.50 (IQR 56–802), 
whereas patients with a negative bone scan had a mean and 
median serum PSA level of 38.27 ng/mL ± 69.45 ng/mL and 
20 (IQR 9–40.7) ng/mL, respectively. Using an unpaired 

t-test, the difference in the mean serum PSA levels between 
patients with a positive bone scan and those without it was 
statistically significant, p = 0.0001. Only one patient (1.19%) 
had a serum PSA value in the reference range 
(0.0 ng/mL – 4.0 ng/mL), and the patient had a negative 
bone scan, indicating no evidence of bone metastases.

Discussion
The incidence rate of prostate cancer in Africa is highly 
variable, ranging from 10.6 per 100 000 in Northern Africa to 
61.8 per 100 000 in Southern Africa.6 A study conducted by 
Ferlay et al.7 indicated that the incidence of prostate cancer in 
South Africa in 2012 was 67.9 per 100 000. Our study indicated 
a high correlation between PSA level and the frequency of 
positive bone scan findings.

Based on the high correlation between PSA and bone scan 
findings, we highly recommend that at PSA level > 24 ng/mL, 
bone scan should be performed as PSA level of 24 ng/mL 
indicates a 63% positive bone scan. Numerous studies around 
the world indicate that PSA > 20 ng/mL is more accurate in 
predicting metastasis on bone scan. However, the shortcoming 
in our study was the small sample size. Therefore, a future 
study with more subjects can shed more light on the 
correlation between PSA levels and bone scans findings.

Conclusion
Our study indicated a high correlation between PSA level 
and the number of positive bone scan findings. However, 
the   shortcoming of this study was the small sample size. 
Further multi-institutional studies with larger samples are 
recommended to validate our findings.
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TABLE 1: Correlation of age and prostate-specific antigen (PSA) with bone scan 
findings.
Variable No. of patients No. of patients with 

positive bone scan

n % n %
Race

Black people 61 72.62 31 50.82
White people 9 7.14 4 44.44
Indian people 14 16.67 1 7.14
Total 84 100.00 36 42.86
Age (years)

50–59 6 7.14 4 66.67
60–69 41 48.81 13 31.71
≥ 70 37 44.05 19 51.35
Total 84 100.00 36 42.86
PSA (ng/mL)

0.0–4.0 1 1.19 0 0.00
4.1–10.0 12 14.29 1 8.33
10.1–20.0 12 14.29 0 0.00
20.1–50.0 21 25.00 6 28.57
50.1–100.00 12 14.29 5 41.67
≥ 100 26 30.95 24 92.31
Total 84 100.00 36 42.86
Risk factor

Low risk 4 4.76 0 0.00
Intermediate risk 18 21.43 0 0.00
High risk 26 30.95 0 0.00
Metastatic 36 42.86 36 100.00
Total 84 100 36 100.00
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Disclaimer
The views and opinions expressed in this article are those of 
the authors and do not necessarily reflect the official policy or 
position of any affiliated agency of the authors.
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