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Abstract

The incidence of Kaposi’s Sarcoma (KS) is high in South Africa but the impact of antiretroviral 

therapy (ART) is not well defined. We examined incidence and survival of KS in HIV-infected 

patients enrolled in South African ART programs. We analyzed data of three ART programs: 

Khayelitsha township and Tygerberg Hospital programs in Cape Town and Themba Lethu 

program in Johannesburg. We included patients aged >16 years. ART was defined as a regimen of 

at least three drugs. We estimated incidence rates of KS for patients on ART and not on ART. We 

calculated Cox models adjusted for age, sex and time-updated CD4 cell counts and HIV-1 RNA. 

18,254 patients (median age 34.5 years, 64% female, median CD4 cell count at enrolment 105 

cells/μL) were included. During 37,488 person-years follow-up 162 patients developed KS. The 

incidence was 1,682/100,000 person-years (95% confidence interval [CI] 1,406–2,011) among 

patients not receiving ART and 138/100,000 person-years (95% CI 102–187) among patients on 

ART. The adjusted hazard ratio comparing time on ART with time not on ART was 0.19 (95% CI 

0.13–0.28). Low CD4 cell counts (time-updated) and male sex were also associated with KS. 

Estimated survival of KS patients at one year was 72.2% (95% CI 64.9–80.2) and higher in men 

than in women. The incidence of KS is substantially lower on ART than not on ART. Timely 

initiation of ART is essential to preventing KS and KS-associated morbidity and mortality in 

South Africa and other regions in Africa with a high burden of HIV.
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Introduction

With an estimated 5.4 million HIV-infected people in 2011, South Africa is the country with 

the largest number of people living with HIV in the world.1 About 18% of the adult general 

population and 30% of pregnant women in antenatal care clinics are infected with HIV.1 The 

prevalence of infection with Kaposi’s Sarcoma-associated herpesvirus (human herpesvirus 

8, HHV-8) is estimated to be between 30 and 50%.2, 3 Infection with HHV-8 is a necessary, 

but not sufficient, cause of Kaposi’s Sarcoma (KS).4 Immunodeficiency induced by HIV-

infection substantially increases the risk of KS 5, 6 and since the advent of the HIV/AIDS 

epidemic the incidence of KS has increased substantially in South Africa. KS is now the 

most common cancer with a high morbidity and mortality in HIV-infected South Africans.7 

In addition, treatment for KS requires specialized services.8

In high-income countries a decline in the incidence of new AIDS-defining events became 

evident soon after the introduction of highly active combination antiretroviral combination 

therapy (ART), and KS was among a group of diseases showing the most pronounced 

reductions.9, 10 In the Swiss HIV Cohort Study, for example, after the introduction of potent 

ART (1997 to 1998) the incidence of KS declined by 92% from before the introduction of 

combination ART (1992 to 1994).11

Since 2004, ART has been scaled up in sub-Saharan Africa with the support of the U.S. 

President’s Emergency Plan for AIDS Relief (PEPFAR), the Global Fund, the World Health 

Organization (WHO), non-governmental organizations and other agencies.12, 13 WHO 

estimates that in low-income and middle-income countries, 47% of adults and children 

eligible for ART received therapy at the end of 2010, compared with only 2% in 2002.14 In 

South Africa, the number of people receiving ART reached 1.4 million in 2010, which 

corresponds to an estimated coverage based on 2010 WHO guidelines of 55%,14 making it 

the largest national ART program worldwide.15

While a decline in the incidence of KS in the ART era has been well documented in 

resource-rich settings, data on the incidence and prognosis of KS in the era of ART are 

scarce for resource-limited settings.16 We examined incidence rates, survival and the impact 

of ART on the development of KS in a large cohort of HIV-infected patients followed up in 

South Africa.

Materials and methods

The International epidemiological Databases to Evaluate AIDS

The International epidemiological Databases to Evaluate AIDS (IeDEA) is a research 

consortium established in 2006 which includes four regional networks in sub-Saharan Africa 

that aim to inform the scale-up of ART through clinical and epidemiological research. The 

African regions of IeDEA have been described in detail elsewhere.17 The Southern African 
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region (IeDEA-SA, www.iedea-sa.org) includes ART programs located in seven countries 

(Botswana, Lesotho, Malawi, Republic of South Africa, Zambia, Mozambique, Zimbabwe). 

We restricted the current analysis to cohorts from South Africa that prospectively collect 

information on incident KS in adults and systematically monitor HIV-1 RNA (viral load): i) 

the Khayelitsha township ART program located in Cape Town;18 ii) the ART program at 

Tygerberg Hospital, a tertiary hospital located in Parow Cape Town;19 and iii) the Themba 

Lethu Clinic ART program in Johannesburg.20 All three programs provide care following 

the guidelines of the South African National Department of Health21 and have received local 

approval from ethics committees or institutional review boards for use of the data. Data are 

collected using standardized methods and are transferred to the coordinating centers at the 

School of Public Health and Family Medicine, University of Cape Town, South Africa and 

the Institute of Social and Preventive Medicine, University of Bern, Switzerland.

Inclusion criteria and definitions

We included all ART-naïve adult patients (aged >16 years) who enrolled into a cohort in 

2004 or thereafter. 2004 was chosen as cut off because it corresponds to the era of national 

ART rollout in South Africa. All patients had to be under follow-up for at least 30 days. 

Patients with a follow-up time of less than 30 days were excluded from the analysis. 

Prevalent cases, i.e. patients who were diagnosed with KS before or within the first 30 days 

of follow-up, were excluded. Follow-up time was classified as ART exposed or unexposed, 

see next paragraph. However, starting ART was not a requirement for inclusion into the 

analysis.

CD4 cell count and plasma HIV-1 RNA at enrolment were defined as the measurement 

closest to the first visit date, within a window of 180 days before and 30 days after 

enrolment. The CD4 cell count at start of ART was defined as the count closest to the date 

of starting ART, within the same time window. WHO clinical stage was recorded at and 

after the start of ART but not at enrolment into the cohort. We defined ART as a regimen of 

at least three antiretroviral drugs from at least two drug classes, including nucleoside reverse 

transcriptase inhibitors, non-nucleoside reverse transcriptase inhibitors and protease 

inhibitors. The data were merged on February 28th 2011 and the median date of the last 

follow-up was June 22nd 2009 (IQR November 29th 2007 to March 17th 2010).

Statistical analyses

Incidence rates of KS were calculated by dividing the number of patients developing KS by 

the number of person-years at risk. In patients not on ART we measured time from the date 

of enrolment plus 30 days to the earliest of: date of diagnosis, start of ART or the last 

follow-up visit. In patients on ART we measured time from the start of ART plus 30 days to 

the date of the KS diagnosis or the last follow-up visit. For the purpose of a sensitivity 

analysis we right censored follow-up time at 2.5 years. In patients who were ART naïve at 

enrolment and started ART during observation we split the observation time at start of ART 

plus 30 days so that these patients contributed observation time both to the not on ART and 

the on ART analysis. We used an intent-to-continue-treatment approach and ignored 

subsequent changes to ART regimens, including treatment interruptions and terminations. In 

analyses of survival in patients with KS we measured time from the date of diagnosis to the 
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date of death or the date the patient was last known to be alive. The vital status of KS 

patients with civil identification numbers was checked with the most recent data available in 

the civil registry of the Department of Home Affairs in November 2011, details for this 

procedure are reported elsewhere.12, 22 Previous studies have estimated that about 90% of all 

deaths in adults in South Africa are captured in the civil registry of the Department of Home 

Affairs.23, 24

We calculated crude incidence rate ratios, Kaplan-Meier survival curves and examined risk 

factors for incident KS in Cox proportional hazard models and Poisson regression stratified 

by cohort. Cox models for the KS incidence analyses were adjusted for time-updated ART 

(model 1) and additionally for age and sex (model 2), and age, sex and time-updated CD4 

cell counts (model 3). We conducted similar models including HIV-1 RNA viral loads. In 

sensitivity analyses we accounted for heterogeneity between cohorts using frailty models.25 

Age and CD4 cell counts at baseline refer to start of observation, i.e. enrolment into cohort, 

plus 30 days in patients not on ART and start of ART plus 30 days in patients on ART. In 

Kaplan-Meier curves for incidence analyses time zero was set at start of observation, i.e. 

enrolment into cohort, plus 30 days in patients not on ART and start of ART plus 30 days in 

patients on ART. Cox models for the survival analysis of patients with KS were adjusted for 

gender, age and CD4 cell counts at time of KS diagnosis, calendar year of KS diagnosis 

(2004 to 2006 versus 2007 to 2009), and ART status at the time of KS diagnosis (defined as 

ART treatment duration of more of less than 30 days before KS diagnosis). The effect of 

current ART on KS survival was not assessed because all patients who had been ART naïve 

at the time of KS diagnosis started ART shortly after the KS diagnosis. Patients with 

missing covariate information were excluded from all Cox models.

Results are presented as incidence rates per 100,000 person-years, incidence rate ratios, 

Kaplan-Meier estimates of the cumulative incidence of KS and of death in patients with KS 

and crude and adjusted hazard ratios (HRs), with 95% confidence intervals (95% CI). 

Statistical analyses were done in R (version 2.13.1, The R Foundation for Statistical 

Computing, Vienna, Austria).

Results

Characteristics of cohorts and patients

The three cohorts included 27,975 patients of whom 18,254 patients were eligible for this 

analysis: 9,721 patients were excluded for the reasons detailed in supplementary Figure S1. 

Compared to excluded patients those included were more likely to present with CD4 counts 

below 50 cells/μL at enrolment (27.3% versus 19.6%) and at start of ART (29.3% versus 

18.7%) but were similar in terms of age and gender. Of all KS patients excluded 48% 

(122/255) were considered prevalent cases. Included patients were mostly female (64%) and 

the median age at enrolment was 34.5 years (Table 1). The median CD4 cell count among 

included patients at enrolment was 105 cells/μL; in patients developing KS not on ART the 

median CD4 count at enrolment was 123 cells/μL; whereas in patients developing KS after 

starting ART the median CD4 cell count was 52 cells/μL at start ART. The CD4 count at 

enrolment was missing in 3,655 of 18,254 patients (20%) and missing at start of ART in 

1,407 of 17,516 patients (8%). There were a total of 75,237 CD4 and 60,397 HIV-1 RNA 
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measurements, on average 4.1 CD4 and 3.3 HIV-1 RNA measurements per patient. In 

patients developing KS there were 234 CD4 count and 72 viral load measurements before 

the diagnosis of KS for an average of 1.4 and 0.4 measurements respectively. Median 

follow-up time was 660 days (IQR 304 to 1,168 days).

Incidence of KS—Of the 18,254 persons included in the analysis 17,516 (96%) patients 

started ART either at enrolment or within a median of 66 days (IQR 35 to 147) days after 

enrolment. The observation time was 7,136 person-years while not on ART and 30,352 

person-years on ART. The longest follow-up time was 5.4 years in patients not on ART and 

6.4 years in patients on ART. Forty-two cases of KS were diagnosed while on ART and 120 

cases while not on ART (Table 2). The incidence rate per 100,000 person-years was 138 

(95% CI 102 to 187) on ART and 1,682 (95% CI 1,406 to 2,011) not on ART. When we 

censored follow-up time at 2.5 years, the incidence rate of KS in patients not on ART 

remained similar and increased in patients on ART (171 per 100,000 person-years; 95% CI 

126 to 231). In patients not on ART the cumulative incidence of KS 2.5 years after 

enrolment was 2.61% (95% CI 1.87% to 3.65%) compared to 0.29% (95% CI 0.21% to 

0.40%) 2.5 years after starting ART (Figure 1).

Both on ART and not on ART the incidence of KS was about twice as high in men than in 

women, increased with age, and was higher in more recent calendar years (Table 2). A lower 

CD4 cell count at enrolment and an advanced clinical stage were associated with a higher 

incidence of KS in patients on ART. Figure 2 shows the incidence of KS by CD4 cell counts 

in patients on ART and not on ART. The risk of developing KS decreases with increasing 

CD4 cell counts at baseline or start of ART respectively in patients not on ART and on 

ART. Hazard ratios from univariable Cox models are presented in supplementary Table S1.

Risk factors for KS—Table 3 presents the results from Cox models treating ART as a 

time-updated variable. CD4 cell counts were missing for 378 patients and hence these were 

excluded from the analysis. 17,890 patients (148 with and 17,742 without KS) remained in 

the analysis set. In univariable analysis (model 1), the HR comparing ART with no ART 

was 0.22 (95% CI 0.15 to 0.32). This estimate remained unchanged when adding age and 

gender (model 2) and was similar when adding time-updated CD4 cell count to the model 

(model 3; HR 0.19, 95% CI 0.13 to 0.28). Compared to patients with CD4 cell counts below 

50 cells/μL in patients with CD4 cell counts above 350 cells/μL the risk of developing KS 

was reduced by 65% (HR 0.35, 95% CI 0.16 to 0.76). There was no evidence for an 

association of HIV-1 viral loads and the risk of developing KS (supplementary Table S2).

Survival—162 patients with incident KS (120 diagnosed before, 42 after starting ART) 

were included in the survival analysis. Median age at KS diagnosis was 36.2 years (IQR 

30.7 to 42.1 years) and about half of the patients were female (48%). Overall, the median 

CD4 cell count at KS diagnosis was 125 cells/μL (IQR 49 to 206 cells/μL). In patients 

developing KS before starting ART the median CD4 cell count at diagnosis was 115 

cells/μL (IQR 45 to 195 cells/μL) compared to 161 cells/μL (IQR 58 to 260 cells/μL) in 

patients developing KS on ART (P=0.12). In 107 of 162 (66%) KS patients we obtained 

additional information on vital status from the civil registry or next of kin. A total of 51 

deaths were ascertained. Estimated survival at 1 year was 72.2% (95% CI 64.9 to 80.2). In 
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univariable and multivariable Cox models men were half as likely to die compared to 

women. Survival was similar in patients receiving or not receiving ART at the time of KS 

diagnosis (HR 0.83, 95% CI 0.39 to 1.79; adjusted for gender, as well as age, CD4 cell count 

and calendar year at KS diagnosis). Of note, all patients who were not receiving ART at the 

time of KS diagnosis started ART within a median of 17 days (IQR 12 to 51 days) after KS 

diagnosis which precluded an analysis on the effect of current ART status on KS survival. 

There was little evidence for an influence of age or CD4 cell count at KS diagnosis on the 

probability of survival (Table S3).

Discussion

In South Africa, where up to 48% of HIV-infected adults are tested positive for HHV-8,2 

ART was associated with reductions in the risk of developing KS of 70% to 80%. Other risk 

factors for KS included male sex and more advanced clinical stage. In time-updated analyses 

CD4 cell counts increasing above 350 cells /μL provided protection against KS. Survival at 

one year was 72.2% and similar in patients who had started ART before or shortly after KS 

diagnosis.

This is one of the first large-scale studies examining the incidence of KS and survival in 

HIV-infected patients on ART and not on ART in sub-Saharan Africa. We included almost 

20,000 patients attending ART programs in three different treatment programs in South 

Africa. Patients were seen in the clinics and CD4 cell counts and HIV-1 viral loads were 

measured in regular intervals. The ascertainment of deaths in the cohorts was improved 

through linking of the clinical records with the national vital registration system. Our study 

nevertheless has several limitations. Data on the clinical presentation, histology and stage of 

KS, the incidence of immune reconstitution inflammatory syndromes following ART and 

details on chemotherapy or radiotherapy were not collected. Patients were not followed from 

a uniform point in time, such as time of HIV-infection, which limits our ability to directly 

compare pre-ART (starting at enrolment) and ART (starting at ART) time periods. KS 

diagnoses were made by the treating physicians. Physicians were not blinded, i.e. they knew 

the ART treatment status of their patients. This information may have influenced their 

diagnostic work-up of clinical lesions suspicious of KS. Only three cohorts from South 

Africa participating in the IeDEA network could be included in the analyses. The other 

IeDEA cohorts in South Africa were excluded because they did not systematically ascertain 

KS diagnoses. Similarly, cohorts from other countries participating in IeDEA were excluded 

because they do not regularly measure HIV-1 viral load. In the IeDEA collaboration, only 

the ART programs in South Africa and Botswana have access to routine viral load 

monitoring.17

Semeere et al 16 recently reviewed the impact of ART on the incidence of KS in studies 

from resource-rich and resource-limited settings published up to 2011. We updated their 

review by adding studies published since 2012 which reported incidence rates for patients on 

ART and not on ART (Table 4). Studies reporting KS incidence rates per ART calendar 

periods, i.e. before or during ART era, were not included in this table. Our results are in line 

with several previous studies that showed a reduction in the incidence of KS of at least 

70%.6, 9, 26, 27 Some cohorts reported higher incidence rates in patients on ART which might 
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be explained by inclusion of KS patients who were diagnosed during the first month of 

ART.28 Including patients developing KS soon after starting ART may have led to selection 

bias: patients starting ART will have more advanced disease and are therefore more likely to 

develop KS, and some may have early stages of KS which remain unnoticed.28 As a result 

the reduction in incidence associated with ART will be under estimated.28 Other studies 

included patients from before ART was available 29 or were restricted to the early years of 

the combination ART era when patients received less effective therapy.30 Conversely, the 

effect of ART may be overestimated if ascertainment of KS in patients not receiving ART 

was less complete than in the more closely monitored patients on ART or person time under 

observation was shortened before starting ART.26, 28, 31

Our study confirms previous reports from high and low income countries showing an 

increased risk of developing KS at lower CD4 cell counts.6, 27–29, 31 This was evident in the 

association with the CD4 count at enrolment in patients not on ART, at start of cART in 

patients on ART, and in models including time-updated CD4 cell counts which showed a 

decreased risk of developing KS in patients reaching CD4 cell counts above 350 cells /μL. 

The CD4 cell count is a time-dependent mediator of the effect of ART and inclusion of 

time-updated CD4 cell counts into the model would be expected to reduce the effect of 

ART. Surprisingly, this was not the case in our analysis. Ideally, the effect of ART on the 

incidence of KS would be investigated using causal modeling; however, the limited number 

of CD4 cell counts available in our study did not permit this type of analysis. Our study 

could not confirm an association between HIV-1 viral load and the risk of developing KS 

observed in previous studies.6, 28 Again, this might be due to the relatively few HIV-1 viral 

load measurements in patients developing KS. Despite a wealth of viral load data on the 

entire patient population, in patients developing KS there were only 72 HIV-1 RNA 

measurements from 35 KS patients.

In our study men were at higher risk of developing KS but at lower risk of death from KS 

compared to women. These results are in line with previous studies from sub-Saharan Africa 

which have also shown higher incidence rates in HIV-infected and uninfected men 

compared to women.32, 33

This gender difference in the KS incidence rate in sub-Saharan Africa is not well 

understood. In contrast to populations in the US,34 in sub-Saharan Africa the HHV-8 

prevalence appears to be similar in HIV-infected men and women. For example, in HIV-

infected men and women under care at Themba Lethu clinic in Johannesburg, about 46% of 

men and 48% of women tested positive for HHV-8.3 It therefore seems unlikely that HHV-8 

infection explains the gender difference observed in our study although in the absence of 

data on HHV-8 infection we cannot exclude it. Survival of KS patients has increased 

substantially since the advent of ART both in resource-rich and resource-limited 

countries.18, 28, 35, 36 This might be explained by both wider access to effective ART and 

earlier diagnosis of KS in less advanced stages among patients under regular follow-up in 

ART programs. The results of our analysis compare well with survival data in KS patients 

receiving ART in Khayelitsha, Cape Town18 and Durban36 but also with survival estimates 

from studies conducted in resource rich countries in the ART era.28, 35 Survival was similar 

in patients on and not on ART at the time of KS diagnosis. However, all patients who were 
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ART naïve at the time of KS diagnosis started ART within short time thereafter. This may 

explain why we did not see an impact of ART status at KS diagnosis on survival. 

Interestingly, our and previous observational studies from Italy37 and South Africa36 have 

shown that survival in women with KS is lower than in men. There is some evidence that 

women are more likely to present with systemic symptoms which may point to more 

aggressive KS or unidentified co-infections.37, 38

In settings with limited access to cancer treatment the prevention of cancer is key to 

reducing the burden of disease and mortality.39 Our study indicates that ART may prevent a 

substantial proportion of incident KS cases in HIV-infected patients in low resource settings. 

Even starting ART at CD4 cell counts well below the currently recommended threshold of 

350 CD4 cells/μL (South African ART guidelines) does prevent the development of new KS 

cases.40 Several mechanisms may contribute to the prevention of KS in patients on ART. 

ART restores the immune system which in turn improves control over malignant 

transformed cells.41 Our and other prospective cohort studies have shown that the risk of 

developing KS decreases with increasing CD4 cell counts.6, 27–29, 31 The preventative effect 

of ART would probably be even greater when started at higher CD4 counts. Our ability to 

examine this issue was limited: during the study period the South African guidelines for 

ART recommended initiation of ART at or below a CD4 cell count of 200 cells/μL (or 

below 350 CD4 cells/μL in patients with TB and pregnant women) and regardless of the 

CD4 cell count in patients with WHO stage IV disease and pregnant women with WHO 

stage III or IV.21 The patients starting ART at higher CD4 counts in our study thus were a 

small and selected group. Besides immune restoration control of HIV-replication may 

contribute to the preventive effect of ART. In vitro studies have demonstrated that HIV-1 

activates HHV-8 replication and induces tumor genesis.42 Epidemiological studies found no 

evidence for an association between HIV RNA viral load and HHV-8 seropositivity3, 43 or 

HHV-8 viremia.44 However, cohort studies in HIV-infected patients have shown that the 

risk of KS increases with increasing HIV-1 viral load.6, 28 There was some debate on 

specific antiangiogenic effects of protease inhibitors 45 but this was not confirmed in 

prospective cohort studies.28, 46

In conclusion, KS among HIV-1 infected patients continues to be of concern in African 

settings where large numbers of patients who are eligible for ART do not receive it. The 

incidence of KS in patients on ART observed in our study (138 new cases per 100,000 

person-years) is still comparatively high and similar to the incidence of frequent cancers 

diagnosed in HIV-uninfected men and women in the USA, for example prostate cancer (138 

per 100,000 person-years) or breast cancer (123 per 100,000 person-years).47 We conclude 

that in the absence of effective and affordable vaccines against HHV-848 and HIV, initiation 

of ART at CD4 ≤ 350 cells/μL irrespective of WHO clinical stage as recommended in the 

latest South African guidelines,40 is the most promising approach to preventing KS in 

African settings.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Novelty and impact

We analyzed the data of prospective cohorts treating HIV-infected adult patients in South 

Africa. Our study shows that antiretroviral therapy (ART) reduces the risk of developing 

Kaposi Sarcoma (KS) by 80%. We conclude that timely initiation of ART is essential to 

preventing KS in South Africa and other regions in Africa with a high burden of HIV. 

This is one of the first studies to confirm the beneficial effects of ART in an African 

setting.
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Figure 1. 
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Figure 2. 
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Table 1

Characteristics of HIV-infected patients developing and not developing Kaposi sarcoma in South Africa.

Patients developing KS Patients not developing KS

Not on ART On ART

All patients 120 42 18,092

Cohort Khayelitsha 25 (20.8%) 18 (42.9%) 5,609 (31.0%)

Themba Lethu 88 (73.3%) 24 (57.1%) 10,272 (56.8%)

Tygerberg 7 (5.8%) 0 (0.0%) 2,211 (12.2%)

Gender Female 56 (46.7%) 21 (50.0%) 11,675 (64.5%)

Male 64 (53.3%) 21 (50.0%) 6,417 (35.5%)

Age at baseline [years] Median, IQR 34.8 (29.7 – 41.4) 37.1 (34.1 – 42.6) 34.4 (29.4 – 40.9)

16 – 29 32 (26.7%) 5 (11.9%) 5,073 (28.0%)

30 – 39 54 (45.0%) 23 (54.8%) 7,985 (44.1%)

40 – 49 22 (18.3%) 9 (21.4%) 3,721 (20.6%)

≥ 50 12 (10.0%) 5 (11.9%) 1,313 (7.3%)

Calendar year of enrolment 2004 – 2006 77 (64.2%) 23 (54.8%) 10,652 (58.9%)

2007 – 2010 43 (35.8%) 19 (45.2%) 7,440 (41.1%)

WHO stage at start of ART I/II - 11 (26.2%) 7,508 (42.9%)

III/IV - 31 (73.8%) 9,800 (55.9%)

Missing - 0 208 (1.2%)

CD4 count at baseline [cells/μL] Median, IQR 123 (49 – 197) 52 (18 – 93) 105 (45 – 173)

< 50 20 (16.7%) 16 (38.1%) 3,949 (21.8%)

50 – 99 14 (11.7%) 12 (28.6%) 2,977 (16.5%)

100 – 349 35 (29.2%) 9 (21.4%) 7,180 (39.7%)

≥ 350 8 (6.7%) 0 (0.0%) 379 (2.1%)

Missing 43 (35.8%) 5 (11.9%) 3,607 (19.9%)

ART, antiretroviral therapy; KS, Kaposi Sarcoma

Baseline refers to enrolment into the cohort plus 30 days in patients not on ART and to start of ART plus 30 days in patients on ART
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Table 3

Hazard ratios for developing Kaposi Sarcoma among HIV-infected patients in South Africa from 

multivariable Cox models.

Model 1 Model 2 Model 3

HR (95% CI) HR (95% CI) HR (95% CI)

Patients included [total/KS cases] 17,890 / 148 17,890 / 148 17,890 / 148

Time-updated ART
Not on ART 1 1 1

On ART 0.22 (0.15 – 0.32) 0.22 (0.15 – 0.32) 0.19 (0.13 – 0.28)

Gender Female - 1 1

Male - 1.99 (1.43 – 2.77) 1.88 (1.35 – 2.62)

Age at baseline [years] 16 – 29 - 1 1

30 – 39 - 1.14 (0.75 – 1.74) 1.13 (0.75 – 1.73)

40 – 49 - 0.89 (0.53 – 1.49) 0.89 (0.53 – 1.48)

≥ 50 - 1.13 (0.59 – 2.17) 1.16 (0.60 – 2.23)

Time-updated CD4 cell count [cells/μL] < 50 - - 1

50 – 99 - - 0.61 (0.37 – 0.99)

100 – 349 - - 0.46 (0.31 – 0.68)

≥ 350 - - 0.35 (0.16 – 0.76)

ART, antiretroviral therapy; KS, Kaposi Sarcoma. All models were stratified by cohort and include only patients with complete information for 
ART status, age, gender and CD4 cell counts. Age at baseline refers to age at enrolment into the cohort plus 30 days in patients not on ART and to 
start of ART plus 30 days in patients on ART.

We adjusted models for time-updated ART (model 1), plus gender and age (model 2), plus time-updated CD4 cell counts (model 3)
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