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Abstract

Cervical cancer (CC) is the leading cause of cancer death among female South Africans (SA). 

Improved access to reproductive health services following multi-ethnic democracy in 1994, HIV 

epidemic, and the initiation of CC population-based screening in early 2000’s have influenced the 

epidemiology of CC in SA. We therefore evaluated the trends in CC age-standardized incidence 

(ASIR) (1994 - 2009) and mortality rates (ASMR) (2004 - 2012) using data from the South 

African National Cancer Registry and the Statistics South Africa, respectively. Five-year relative 

survival rates and average percent change (AAPC) stratified by ethnicity and age-groups was 

determined. The average annual CC cases and mortalities were 4,694 (75,099 cases/16years) and 

2,789 (25,101 deaths/9years) respectively. The ASIR was 22.1/100,000 in 1994 and 23.3/100,000 

in 2009, with an average annual decline in incidence of 0.9% per annum (AAPC = -0.9%, P-

value<0.001). The ASMR decreased slightly by 0.6% per annum from 13.9/100,000 in 2004 to 

13.1/100,000 in 2012 (AAPC = -0.6%, P-value < 0.001). In 2012, ASMR was 5.8-fold higher in 

Blacks than in Whites. The 5-year survival rates were higher in Whites and Indians/Asians 

(60-80%) than in Blacks and Coloureds (40-50%). The incidence rate increased (AAPC range: 

1.1% to 3.1%, P-value<0.001) among young women (25-34 years) from 2000 to 2009. Despite 

interventions, there were minimal changes in overall epidemiology of CC in SA but there were 

increased CC rates among young women and ethnic disparities in CC burden. A review of the CC 

national policy and directed CC prevention and treatment are required to positively impact the 

burden of CC in SA.
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Introduction

Cervical cancer (CC) is a largely preventable disease, yet the global incidence is high with 

approximately 528,000 cases reported in 2012(1). More than 80% of these cases are in low 

and middle income countries (LMICs) (1). Globally, CC is the fourth leading cause of 

cancer deaths in women, but it is the leading cause of female cancer deaths in Sub-Saharan 

Africa (SSA)(1). In 2012, the estimated age-standardized incidence rate (ASIR) in the 

Eastern, Southern, Middle and Western African regions were 42.7, 31.5, 30.6 and 29.3 cases 

per 100,000 women, respectively compared to 4.4, 5.5, and 6.6 per 100,000 women in 

Western Asia, Australia/New Zealand and Northern American regions respectively (1). 

These disparities have been attributed to differences in the scales of CC prevention 

programs, that include sexual and reproductive health education, vaccination campaigns, 

access to CC screening, integration of health systems and management of Human 

Immunodeficiency Virus/Acquired Immune Deficiency Syndrome (HIV/AIDS) (1,2).

The Human Papilloma Virus (HPV) is a necessary cause of CC (2). Most HPV infections are 

sexually transmitted and the virus is usually spontaneously cleared by the body. However, 

about 2% of infections by ‘high risk’ (or oncogenic) strain of HPV persists in the cervix to 

cause premalignant and malignant lesions (1-3). In South Africa (SA), the common high risk 

HPV (hrHPV) for CC includes HPV 16,18,35,45,33 and 52 (in order of prevalence)(2). SA 

has the largest population of people living with HIV and HIV infection has been found to 

increase the rate of HPV infection and its persistence (2-5). Other common co-factors or 

predisposing factors for HPV infection and persistence includes smoking, early sexual debut, 

multiparity and multiple sexual partnership (2,3,6,7).

SA is an upper middle-income, multi-ethnic country. In 2015, the proportions of females in 

the four main population groups were 80.4% for Blacks, 8.9% for Coloureds (mixed 

ancestry), 8.3% for Whites and 2.4% for Indians/Asians (8). This classification of population 

groups is historical and reflects how data is collected in SA by Statistics South Africa (Stats 

SA) and the South African National Cancer Registry (SANCR). In the South African 

context, prevalence of CC risk factors and some HPV predisposing factors such as HIV/

AIDS, smoking, risky sexual and reproductive behaviors, and socio-economic differences 

are associated with ethnicity (5,8-11). There are also ethnic differences with respect to 

accessibility to SA’s dual health system with most Black healthcare seekers utilizing the 

public health facilities and the majority of White healthcare users utilizing the private health 

facilities (10).

South Africa is currently undergoing an epidemiological and health transition characterized 

by a high burden of hypertension, type 2 diabetes mellitus, road traffic accidents and 

violence-related deaths, HIV/AIDS, other infections and under-nutrition (10,12). Following 

the dawn of multi-ethnic democracy in 1994, access to reproductive health services 

improved, especially among the previously marginalised ethnic groups (10). In 2000, the SA 
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government initiated a CC population-based screening program (13) and in 2014, a national 

human papilloma virus (HPV) vaccination program for public school girls (≥ 9 years old) 

was implemented (14). In 2004, the SA government rolled-out a nation-wide anti-retroviral 

therapy (ART) program and the country currently has the largest global ART program (15). 

There has also been ongoing scaling-up of tobacco control programs since 1994 (5,11,13).

The SANCR was established in 1986 and is currently the only source of national data on 

cancer incidence (16). The registry publishes annual national cancer incidence, stratified by 

gender, population and age-group (16-18). On the other hand, Stats SA is responsible for 

collecting and publishing national vital statistics, including cancer mortality (16). Despite 

the available information from these data repositories, very little has been reported on the 

national trends of CC burden in the country. To appropriately evaluate the impact of CC 

interventions, a comprehensive understanding of the trends in CC burden over time is 

warranted. Hence, we evaluated the temporal trends in CC incidence, mortality and survival 

by ethnicity and age group in South Africa from 1994 to 2012.

Methods

We conducted a trend analysis of secondary data of CC incidence (1994 - 2009) and 

mortality (2004 - 2012), using data from SANCR and Stats SA respectively. At the time of 

commencement of the study, cancer incidence data from SANCR was not available beyond 

2009 and cancer mortality data for Stats SA was only available until 2012.

Data Sources

The methodologies of the SANCR (16-18) and Stats SA (8,19) have been previously 

described but are summarised below.

South African National Cancer Registry (SANCR)

The SANCR receives information on pathologically confirmed cancer cases from all private 

and government laboratories in SA (17,18). The registry receives an average of 80,000 

cancer cases per annum (16). The information received on each cancer case includes 

patient’s name, date and age at diagnosis, place and province of diagnosis, ethnicity/

population group, name of the reporting laboratory and the tumour topography and 

morphology (17,18). Cancer cases are coded according to the International Classification of 

Diseases for Oncology Version 3 (ICD-O-3) and CC cases were coded as: ICD-O-3: Code 

C53. Hot-deck imputation techniques were used to account for missing data on population 

group (17,20).

Statistics South Africa (Stats SA)

Stats SA mortality data are derived from death notifications reported to the Department of 

Home Affairs (8). Causes of death were coded using the International Classification of 

Diseases, Tenth Revision (ICD-10) (9). The underlying cause of death with code ICD-10, 

C53 was used to obtain data on CC mortality. Mid-year population estimates of females 

(≥15 years) were obtained from Stats SA from 1994 to 2012.
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Ethics

Ethical approval was obtained from the Human Research Ethics Committee (Medical) of the 

University of the Witwatersrand (Clearance certificate number: M141163). Permission to 

use the datasets was obtained from SANCR and Stats SA.

Statistical Analysis

Descriptive statistics of the socio-demographic and histological characterises of the CC 

cases and deaths were conducted. Analysis of Variance (ANOVA) was conducted to 

determine the relationship of age across the four ethnic groups (Post-Hoc Bonferroni test 

was also conducted). Pearson’s Chi Square test was conducted to determine association 

between ethnicity and the other categorical socio-demographic variables. Unknown age and 

ethnic group were not adjusted for in the analysis. Statistical significance level was set at P-

value < 0.05.

The annual crude incidence (1994-2009) and mortality (2004-2009) rates (CIR, CMR) were 

calculated for five-year age groups among women ≥15 years with the appropriate mid-year 

population estimates (21). Age-standardized incidence (ASIR) and mortality (ASMR) rates 

were calculated using the direct method and the 1964 SEGI world standard population 

(1,21). The Mortality Rate : Incidence Rate (MR:IR) ratio was calculated by dividing the 

CMR by the CIR to estimate a standard, population-based measure of fatality (22). Five-year 

relative survival rates were calculated using the formula: 1-(MR:IR) (22) and are expressed 

as percentages. Annual survival rates were calculated for years in which incidence and 

mortality data were available (2004 - 2009).

Linear regression models were fitted to estimate the average annual percent change (AAPC) 

(95% confidence interval) in ASIRs and ASMRs. ln(rate) was the outcome variable while 

calendar year was the explanatory variable, using the equation below (23):

ln(rate) = β × (Calendar year) + C

Thus, AAPC = (eβ − 1) × 100

Where β = coefficient of the calendar year, e = 2.7 and C = constant (intercept)

Based on the visual inspection of the graphs of the incidence and mortality trends, 

partitioned AAPC for incidence and mortality trends were computed for the periods: 

1994-1998; 1998-2001; 2001-2009 and 2004-2008; 2008-2012, respectively. The variance–

covariance matrix estimate (vce (robust)) option of linear regression was used to obviate any 

deviation from the linear regression assumptions. Calculations and analyses were conducted 

using Excel (Microsoft 2010) and Stata version 13 (Statacorp, College Station, TX) 

statistical software.

Results

Over the 16-year study period (1994-2009), 75,099 incident CC cases were reported and the 

average CC cases per annum were 4,694 (Supl Table 1). The majority of cases (90%) were 
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diagnosed in public sector laboratories and squamous cell carcinoma (SCC) was the most 

common histological type (79.9%) (Table 1). Seventy-nine percent of all CC cases occurred 

among Black women and the least (1.4%) occurred in Indian/Asian women (Fig 1A, Table 

1). The mean age for CC diagnosis (all population groups) was 52.3 (±13.7) years and 

almost half (43.1%) of the cases occurred in women of reproductive age (15-49 years) 

(Table 1). The mean age at diagnosis of CC was 50.9 years (±14.), 51.1(±13.1), 52.5(±13.7) 

and 53.0 (±12.8) among White, Coloured, Black and Indian/Asian ethnic groups 

respectively. (Table 2). One-third of CC cases among the White population were diagnosed 

at a private laboratory while other ethnic groups had significantly lower percentage of CC 

cases that were diagnosed from private laboratories (Table 2).

Incidence trends

Figure 1B shows that although there was an overall 0.9% per annum average decrease in 

ASIR from 1994 to 2009 (AAPC= -0.9%, 95%CI: -0.91 to -0.88; P-value < 0.001), the 

ASIR increased by 7.6% per annum from 1994 (22.1/100,000 women) to 1998 

(29.2/100,000), (AAPC = 7.6%, 95%CI: 7.60 to 7.62; P-value < 0.001) and subsequently 

decreased by 8.5% per annum until 2001 (22.4/100,000) (AAPC= -8.5%; 95% CI: -8.53 to 

-8.45; P-value < 0.001). Slight increase in CC rates was noted thereafter (2001-2009) 

(AAPC= 0.9%, 95%CI: 0.93 to 0.95; P-value < 0.001). Compared to the annual ASIR, 

annual crude incidence rates (CIR) were higher and of similar patterns (Supl Table 1).

The highest ASIR was observed among Black women (27.2 per 100,000) in 2009 and was 

1.6-, 2.4- and 2.7-fold higher than in Coloured (17.5/100,000), White (11.5/100,000) and 

Indian/Asian (10.2/100,000) women respectively. While CC incidence increased among 

Black (AAPC=1.3%, 95% CI: 1.28 to 1.31; P-value < 0.001) and Indian/Asian women 

(AAPC=1.1%, 95% CI: 0.77 to 1.42) from 2001 to 2009, it decreased among Coloured 

(AAPC=-1.5%, 95% CI: -1.57 to -1.41; P-value < 0.001) and White (AAPC=-0.55%, 95% 

CI: -0.60 to 0.50; P-value < 0.001) women (Figure 1B).

From 2000 to 2009, the highest increase in AAPC for CC incidence was observed in women 

≥75 years (AAPC=6.8%, 95% CI: 6.71 to 6.92; P-value <0.001), followed by those between 

25 - 49 years (AAPC range: 1.1% to 3.1 %,). In the same period, the greatest decrease in 

incidence was observed among teenagers (15-19 years) (AAPC = -12.3 %, 95% CI: -15.89 

to – 8.50; P-value <0.001) and lesser decreases were observed in women aged 50-64 years 

(AAPC range: -1.04% to -3.0 %,). The incidence rates among women aged 20-24 and 65-74 

years were relatively stable (Table 3).

The cumulative age-specific incidence rates over the study period increased with increasing 

age in all population groups (Figure 1C). Black women had the highest rates in all age 

groups, except in the 25-34 year age-group where White women had higher rates. The rates 

among Whites subsequently declined gradually. Age-specific incidence rates sharply 

declined among the elderly (beyond 65 years) in all population groups.

Mortality trends

Over the 9-year study period (2004 - 2012), 25,101 CC mortalities were recorded and the 

average number of deaths per annum was 2,789. The majority of deaths (69.4%) occurred 
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among Black women (Figure 2A, Table 1). The mean age at CC death was 56.1(±14.7) years 

which was about 4 years after the mean incidence of 52.3 (±13.7) years. About one-third 

(35.7%) of CC mortalities occurred in women of the reproductive age group (15 - 49 years) 

(Table 1). Complete case analysis of mortality data indicated that 7.1% were smokers while 

of those whose educational status was known, 64% had primary education or lower. The 

highest and least mean age at CC death occurred among Whites and Coloureds respectively 

(Mean age at death of Whites, Indians/Asians, Blacks, Coloureds were: 58.7(±15.8), 

58.3(±12.3), 56.1(±14.8), 55.1 (±13.4)). Table 2. White women had the longest survival 

period of 7.8 years between mean CC diagnosis and mean CC death. Table 2. About half 

(52.8%) and one-third (33.9%) of Coloureds and Whites who died of CC were smokers 

while a small proportion of Blacks (12.0%) and Indians/Asians (11.1%) were smokers. 

Table 2

The overall (all population groups) ASMR over the 9-year study period slightly decreased 

from 2004 (13.9/100,000) to 2012 (13.1/100,000) (AAPC = -0.6% 95% CI: -0.60 to -0.58; 

P<0.001) (Figure 2B, Supl Table 1). We observed two phases in the mortality trends: There 

was an initial average decline of 3% per annum in mortality rates from 2004 to 2008 (AAPC 

= -3.0%, 95% CI: -3.04 to -3.55; P<0.001) and a subsequent slight increase of 0.8% per 

annum from 2008 to 2012 (AAPC = 0.8%; 95% CI: 0.76 to 0.81; P<0.001) (Figure 2B, Supl 

Table 1). The annual crude mortality rates were higher but of similar pattern as the annual 

ASMR throughout the study period (Supl Table 1). In 2012, the ASMR in Black women 

(15.0/100,000) was about 1.6, 5.2 and 5.8 fold higher compared to Coloured (9.2/100,000), 

Indian/Asian (2.9/100,000) and White women (2.6/100,000) respectively. An average annual 

increase in ASMR among Indian/Asian (AAPC=1.1%, 95% CI: 0.3 to 1.8; P<0.001), White 

(AAPC=1.4%, 95% CI: 1.4 to 1.5; P<0.001) and Black women (AAPC = 1.5%, 95% CI: 1.4 

to 1.7; P<0.001) was observed between 2004 and 2012 while there was a decrease in CC 

mortality among Coloured women (AAPC= -2.9%, 95% CI: -2.7 to -3.0; P<0.001) (Figure 

2B).

Table 3 illustrates that women in the younger age group (25-34 years) had the highest 

average annual increase in mortality rates (AAPC range: 4.1% to 6.3%) from 2004 to 2012. 

However, significant declines in the annual mortality rates were observed among women in 

the age groups 20-24 and 50-64 years (AAPC range: -4.5% to -1.5%).

Over the 9-year study period, the cumulative age-specific mortality rates increased with 

increasing age in all population groups (Figure 2C). A steep rise in mortality rates was 

observed from 30 years among all the population groups and the rates were lowest among 

White and highest in Black women. The rates in White women showed a steady decline 

from 40 to 69 years. There was a steep rise in mortality rates among the elderly in all 

population groups except among Indian/Asian women (Figure 2C).

Survival trends

The overall 5-year relative survival rates from 2004 to 2009 were poor (37.9-45.7%). 

Although, the Indians/Asians had a point value in 2006 where the survival rate was 49.3%, 

White (80.0–82.1%) and Indian/Asian (60.8-69.5%) women had relatively high 5-year 

relative survival rates during the period of study compared to Coloured (37.7-50.0%) and 
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Black women (48.5-52.2%). An overall increase in 5-year relative survival rate of 13.2% 

was observed between 2004 and 2009, driven by gains among the Coloured (8.8%) and 

Black ethnic groups (7.6%). However for the same period a decline in survival rate was 

observed among Indian/Asian (-3.2%) and White women (-1.7%). Figure 3

Discussion

This is the first study to report and compare temporal trends in national CC incidence, 

mortality and survival by ethnicity and age group in SA after the commencement of multi-

ethnic democracy in 1994 and during the ART era (2004 - 2012).

Summary of main findings

We reported that approximately 5,000 new CC cases and 3,000 deaths occurred annually in 

SA from 1994 to 2012. There was a slight increase in CC ASIR (0.9% per annum) from 

2001 to 2009. The CC ASMR declined by 3% per annum between 2004 and 2008 but 

subsequently increased by 0.8% per annum from 2008 to 2012. Ethnic differences in the 

epidemiology of CC were observed. Black and Coloured women had higher incidence and 

mortality rates and lower 5-year relative survival rates compared to Indian/Asian and White 

women. Women of the reproductive age (15-49 years) accounted for almost half of CC cases 

and about a third of mortalities. Also, young women had increased incidence (25-49 years) 

and mortality (25-34 years) trends.

Incidence trends

A sharp increase in CC incidence (7.6% per annum) between 1994 and 1998 was observed. 

This could be attributed to the commencement of multi-ethnic democracy in 1994 that 

reduced barriers to reproductive health services, especially among the Black population, 

who contributed about four-fifths of the total CC incidence. This may have led to increased 

diagnosis and reporting of CC to SANCR (10,20,24).

The incidence rates of CC also increased by 0.9% per annum from 2001 to 2009, though at a 

much slower rate compared to the 1994-1998 period (0.9% per annum Vs 7.9% per annum). 

The slight increase in incidence from 2001 to 2009 mirrored the complex interactions 

between HIV prevalence, ART coverage and CC preventive programs. SA’s HIV prevalence 

rate increased by about 32% from 2002 (15.1%) to 2012 (19.9%), among individuals who 

were older than 24 years, because increased nationwide coverage of ART in the country led 

to improved longevity of People living with HIV/AIDS (PLWHA) (5,19). Thus, the 

increased CC rates from 2001 to 2009 could be related to increased HIV prevalence in the 

country. Since PLWHA that were on ART are encouraged to screen more frequently, the rate 

of diagnosis of early staged CC cases could have increased during the ART era (25). 

Dryden-Peterson and co-workers also reported increased trends in CC incidence after ART 

expansion in Botswana (26), but Uganda and Zimbabwe did not have similar patterns as SA, 

possibly because of low ART coverage (27,28).

Although the advent of ART dramatically reduced the incidence of other AIDS-defining 

cancers like non-Hodgkin’s lymphoma and Kaposi sarcoma, the impact of ART on the 

incidence of CC remains unclear (6,29). Several studies have demonstrated that ART 
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reduces HPV persistence, increases the rate of regression of pre-cancerous lesions and 

stimulates immune reconstitution, thereby reducing the risk of CC (6,7). Although ART 

reduced early deaths from opportunistic infections, nonetheless PLWHA that were on ART 

still have chronic latent defective immunity that predispose them to CC at older age 

(26,30,31). Interestingly, emerging in-vitro evidence shows that some anti-retroviral drugs 

(especially protease inhibitors) have therapeutic anti-CC effect at the onco-genetic level 

(32). Nevertheless, current empirical evidence calls for concerted CC surveillance among 

PLWHA (including those on ART).

Of note, in 2000, SA introduced a population-based CC screening program (13). The initial 

paradoxical increase in incidence of early staged CC after the commencement of a 

population based screening program (10,33) seems to have occurred in SA since there was a 

slight increase in CC of about 0.9% per annum from 2001 to 2009. Nonetheless, the 

subsequent decline in CC incidence rate that is traditionally associated with an effective 

screening program is not yet observed in SA. This may be attributed to a number of reasons. 

The CC screening program is not widely established in SA, and the targeted 70% screening 

coverage rate for maximal efficacy was not achieved in most provinces (10,34). The low 

coverage rate was associated with poor awareness among the targeted population coupled 

with inadequate health personnel and infrastructure (10,34). Furthermore, the prevalence of 

HIV infection is higher in SA than in high income countries that have well established CC 

screening programs(2,6). This may also explain the lag in the impact of current CC 

screening in the country.

Mortality trends

The overall ASMR slightly declined by 0.6% per annum from 2004 to 2012. This is in 

contrast to the upward trends reported in other SSA countries (35,36). Two phases in 

mortality trends were observed in this study. The first phase was a decline at 3% per annum 

from 2004 to 2008 and the second phase was an increase of 0.8% per annum from 2008 to 

2012. Such patterns previously occurred in some high income countries because of sporadic 

shifts in risk factors of CC and screening practices (37,38). However, the reason for the 

pattern in SA appears to differ.

The reduction in CC mortality from 2004 to 2008 in SA may be related to the nation-wide 

roll-out of ART in SA in 2004, since CC is an AIDS defining illness which was the leading 

competing risk of premature death in SA prior to the roll-out of ART (8,15,19,39). 

Furthermore, ART improves outcome of CC in HIV positive patients. Hence, initiation of 

ART is a standard of care in HIV positive ART naïve CC patients. Thus, increased access to 

ART among HIV positive CC women who would have died from complications of HIV 

engendered improved quality of life and longevity (19,39).

The slight increase in CC mortality from 2008 to 2012 could be due to an improvement in 

reporting and recording of cancer mortalities in the country (40). We however speculate that 

the increased CC mortality between 2008 and 2012, after increased ART coverage can be 

partly attributed to the improved longevity among PLWHA that were on ART that unmasked 

the background impact of epidemiological and health transition among them. Thus, 

associated cardiovascular and other risks of death may supervene (10,12,19,24,39). 
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Nevertheless, the overall downward CC mortality trend between 2004 and 2012 in SA may 

suggest some improvement in oncology care after the apartheid era, as the democratic 

government made efforts to reduce the inequity related to healthcare access in the country.

Ethnic disparity in trends

Findings from this study indicate significant differences in the CC burden by ethnicity. 

Indian/Asian and White women in SA had relatively low incidence and mortality rates, with 

higher survival rates compared to Black and Coloured women. However, the survival rates in 

Blacks and Coloured women were still higher than in other LMICs (28,41,42). The ethnic 

disparity of CC trends in SA contrasts with the trends in the United States of America 

(USA) where rates in all ethnic groups declined considerably during a similar time period as 

our study (43).

The low incidence and mortality rates observed among Indian/Asian women could be 

attributed to the less risky sexual behaviours and low HIV and smoking prevalence among 

them (5,20,44,45). Higher socio economic status, greater access to healthcare facilities 

(especially screening facilities), low parity and low HIV prevalence could have accounted 

for the low incidence and mortality rates in White women (5,44,45). In contrast, Blacks and 

Coloureds had higher incidence and mortality rates because they had: relatively poor access 

to healthcare and CC screening, low socio economic status and high prevalence of HIV, 

tobacco smoking and teenage pregnancy (5,10,44,45). While other ethnic groups had 

slightly increased CC mortality rate from 2004 to 2012, a 3% decline in CC mortality rate 

occurred among the Coloured women during the same period. Since HIV prevalence and 

smoking rates were very high among the Coloured women, the roll-out of ART in 2004, 

coupled with the public health interventions on tobacco control in the country may partly 

explain the significantly reduced trends among the Coloured women (5,9). However, our 

study highlights the need for further investigation of drivers of ethnic disparity in CC trends 

in the country.

The high survival rates among Indian/Asian and White women may be because they 

presented to hospital with early stage disease that is amenable to curative treatment (28,41). 

The modest increase in the survival rates in the general population, more importantly among 

Coloreds and Blacks may suggest some relatively improved access to CC down staging 

procedures, oncological care in public healthcare facilities and possibly ART coverage. At 

the population level, it appears that there was a poor average CC survival period of four 

years from mean age of diagnosis of 52.3years to mean age at death of 56.1 years. However, 

this observation should be interpreted with caution as ecological fallacy, sub-population 

variables and the limitations of the data may play varying roles in this conclusion

Differential ethnic hrHPV prevalence can influence differences in ethnic CC rates (2,3). 

However, the researchers could find no previous study on ethnic prevalence of hrHPV in SA. 

Emerging evidence suggest that a contributory factor to observed ethnic disparity of CC 

burden is genetic polymorphism (46). Such genetic information can aid the design of a 

targeted, cost effective and risk-based CC preventive (or screening) programs among 

vulnerable ethnic groups (46). Nevertheless, the impact of such genetic information may not 

supersede the current evidence-based preventive interventions and concerted efforts aimed at 
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reducing ethnic socio-economic and healthcare inequity, that is presently believed to be the 

driver of ethnic disparity of CC evolution (10,19,43,47).

In addition to evaluating the incidence and mortality rates, our study utilized the 

complement of the ratio of mortality to incidence rate to estimate survival rates and obtained 

results that were plausible and comparable to rates from other LMICs and high income 

countries that used the traditional methods of survival estimation (33,41,42,48). This 

approach provides a useful proxy estimation of population-level 5-year relative survival rate 

of CC, especially in countries without robust follow-up and cancer related data linkage (22).

Temporal trends for age at diagnosis and death

CC incidence and mortality were hitherto rare in women younger than 35 years (1,13,25,28). 

However, this study illustrated that about half of all the reported cases and a third of the 

mortalities occurred in women of the reproductive age (15-49 years). The increasing rates of 

CC at young ages (25-49 years) in SA may be associated with the high prevalence of HIV in 

this age group, poor health care access (including screening), decreasing age at sexual debut 

and prevalent teenage pregnancy (38,49). However, initiation of ART in 2004 could have 

accounted for a reduction in mortality rates among women aged 20-24 (AAPC= -4.5%), 

since HIV/AIDS is a major driver of CC in young women. This study highlights the need to 

fully incorporate CC prevention programs into maternal and child health initiatives, since a 

considerable proportion of CC patients were women of the reproductive age (31). In 

addition, programs that ensure linkages and cooperation between CC preventive programs 

and institutions that engage young women (such as immunisation programs, educational 

institutions, banks, hotels and markets) should be encouraged. This will improve coverage of 

CC preventive efforts among the target population (31).

We observed that White women had the lowest mean age at CC diagnosis (50.9 years) and 

the highest mean age at death (58.7 years). Furthermore, the age specific incidence rates was 

slightly higher among Whites between 25 and 34 year age-group and it subsequently 

declined in older age group. The foregoing may suggest that White women had more 

opportunities for CC screening and diagnosis at early age of between 25 and 34 years as 

compared to the other ethnic groups(45). The difference in mean age at diagnosis and age at 

death was highest (about 7.8years) among the White population which may be a reflection 

of early diagnosis and improved survival among them. Although, some CC diagnoses also 

occurred among young Black women on account of HIV prevalence, most Black women 

were still diagnosed at later age (and probably at advanced disease stage) possibly because 

of poor screening practice among them (34,45). Thus, Blacks had low difference in mean 

age at diagnosis and mean at death (3.6 years). Similarly, the age specific incidence rates in 

Black and Coloured women were high until age 65 years. This is comparable to reports 

among Black women in Harare, Zimbabwe during the same study period (27). The sharp 

decline in the age specific incidence rates beyond 65 years might be due to poor 

ascertainment since histological diagnosis may be difficult to obtain in the elderly (50). As 

expected, age-specific mortality rates increased steeply in the elderly (26).
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Limitations

Since SANCR is a passive pathology-based registry, CC patients without histological 

diagnoses are not reported to the registry (27,42,50). Furthermore, under-reporting of 

diagnosed CC cases to SANCR and CC deaths to Stats SA may also have occurred (16). 

(about 20% of SA female deaths were not reported circa 2004-2007)(40). The majority of 

Blacks and Coloureds utilised public laboratories while Private Health facilities are mainly 

accessed by the Whites and some Indians/Asians, because of differences in socio-economic 

status (Table 2) (16). While all public laboratories report cancer cases to SANCR, private 

laboratories may not have adequately reported cancer cases to SANCR from 2005 to 2007 

because of concern about patients’ confidentiality. This may cause underreporting of cancer 

incidence among Whites and Indians/Asians during that period(16). However, this suspicion 

may not have affected CC incidence as our study did not reveal a sharp dip in incidence rates 

among Whites and Indian/Asians from 2005 to 2007. Furthermore, a higher proportion of 

unreported cancer deaths may arise among the Black population as more deaths may occur 

outside the healthcare facility. However, it is mandatory for all deaths (both within and 

outside the hospital) to be reported in SA(8)

Nevertheless, there has been marked improvement in the rate of reporting of cancer cases 

and deaths to SANCR and Stats SA in recent years (9,16). Thus, our study reported the 

minimal CC incidence and mortality rates in SA which were still unacceptably high. The 

study was unable to relate survival rates with cancer stage because such information was not 

available from either the SANCR or Stats SA. Despite these limitations, these data remain 

an important primary source to understand and create innovative strategies, interventions and 

policies to alleviate CC burden in SA.

Conclusion

In summary, we demonstrate that despite preventive strategies and interventions, there was a 

slight increase in CC incidence between 2001 and 2009 (which mirrors increased ART 

coverage) and a slight decrease in CC mortality between 2004 and 2012 in SA. A significant 

ethnic disparity in CC burden still exists and CC incidence and mortality rates increased 

among young women (25-34 years) during the study period. There is therefore a need for a 

review of current CC preventive policies and control programs in the country.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations

AAPC Average annual percent change

ADC Adenocarcinoma

ART Anti-retroviral Therapy

ASIR Age standardized incidence rate

ASMR Age standardized mortality rate

CC Cervical cancer

CIR Crude Incidence Rate

CMR Crude Mortality Rate

hrHPV High risk Human Papilloma Virus

HIV/AIDS Human Immunodeficiency Virus/Acquired Immune 

Deficiency Syndrome

HPV Human Papilloma Virus

ICD-O3 International Classification of Diseases for Oncology 

Version 3

ICD-10 International Classification of Diseases, Tenth revision

LMIC Low and middle income country

PLWHA People living with HIV/AIDS

SA South Africa

SANCR South African National Cancer Registry

SCC Squamous cell carcinoma

SSA Sub Saharan African countries

Stats SA Statistics South Africa

VCE (robust) variance–covariance matrix estimate (robust)

Olorunfemi et al. Page 15

Int J Cancer. Author manuscript; available in PMC 2019 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3364121&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3364121&tool=pmcentrez&rendertype=abstract
http://www.ncbi.nlm.nih.gov/pubmed/22858816


Novelty and Impact of the study

This study suggest that there was no meaningful change in overall and racial disparity in 

CC rates over the last two decades (1994 – 2012) in South Africa (SA), despite efforts to 

reduce racial health inequity and initiation of population based screening in the country. 

The increased coverage of ART program in SA appears to increase CC incidence but 

caused reduction in CC mortality. For the first time in Africa, the complement of 

mortality to incidence ratio was estimated as proxy of CC survival.
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Figure 1. 
Cervical cancer incidence in South African women, by ethnic group (1994-2009) (Ai), (Aii), 

(Aiii) Annual numbers of cervical cancer cases (B) Annual age-standardized incidence rates 

(ASIR) and (C) Age-specific incidence rates for the study period (Note that secondary axis 

in Fig Aii applies to other ethnic groups other than Blacks)
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Figure 2. 
Cervical cancer mortality in South African women, by ethic group (2004-2012) (A) (Ai), 

(Aii), (Aiii). Annual numbers of cervical cancer deaths, (B) Annual age-standardized 

mortality rates and (C) Age-specific mortality rates. (Note that secondary axis on Fig 2Aii 

applies to other ethnic groups other than Blacks)
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Figure 3. 
Annual five-year relative survival rates (1-(MR:IR)) of cervical cancer by population group 

in South African women (2004-2009)
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Table 1

Demographic and histological characteristics of cervical cancer cases (1994-2009) and deaths (2004-2012) in 

South Africa

Characteristics Cervical cancer cases N= 75,099 N, (%) Cervical cancer deaths N=25,101 N, (%)

Population group

Blacks 59,333 (79.0) 17,422 (69.4)

Coloureds 5,548 (7.4) 1,771 (7.1)

Whites 6,062 (8.1) 724 (2.9)

Indians/ Asians 1,016 (1.4) 218 (0.9)

Missing 3,140 (4.2) 4,966 (19.8)

Age (mean±SD) 52.3 (±13.7) 56.14 (±14.7)

<20 87 (0.1) 14 (0.1)

20-29 2,136 (2.8) 515 (2.1)

30-39 11,442 (15.2) 2,775 (11.1)

40-49 18,717 (24.9) 5,647 (22.5)

50-59 17,264 (23.0) 6,117 (24.4)

60-69 13,546 (18.0) 4,936 (19.7)

70-79 6,677 (8.9) 3,492 (13.9)

80 & above 2,049 (2.7) 1,565 (6.2)

Missing 3,181 (4.2) 40 (0.2)

Histologic types

SCC 60,053 (79.9) -

ADC 7,300 (9.7) -

Others 7,746 ()10.3 -

Cervical cancer site -

Endocervix 1,611 (2.2) -

Exocervix 238 (0.3) -

Overlapping 121 (0.2) -

Cervix Uteri 73,129 (97.4) -

Type of laboratory

Government 67,564 (90.0) -

Private 7,535 (10.0) -

Marital status

Never married - 9,088 (36.2)

Married - 5,153 (20.5)

Widowed - 1,954 (7.8)

Divorced - 2,349 (9.4)

Missing - 6,557 (26.1)

Smoking status

Yes - 1,771 (7.1)
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Characteristics Cervical cancer cases N= 75,099 N, (%) Cervical cancer deaths N=25,101 N, (%)

No - 9,661 (38.5)

Missing - 13,669 (54.5)

Highest Education

No education - 3,175 (12.7)

Primary school - 4,406 (17.6)

High school - 3,926 (15.6)

Tertiary - 219 (0.9)

Missing - 13,375 (53.3)

SD: Standard deviation
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