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Background: Old age is an important risk factor for developing cancer, but few data exist on this 

association in people with HIV (PWH) in sub-Saharan Africa. 

Methods:  The South African HIV Cancer Match study is a nationwide cohort of PWH based on 

a linkage between HIV-related laboratory records from the National Health Laboratory Services 

and cancer diagnoses from the National Cancer Registry for 2004-2014. We included PWH who 

had HIV-related tests on separate days. Using natural splines, we modelled cancer incidence 

rates as a function of age.  

Results: We included 5,222,827 PWH with 29,580 incident cancer diagnoses – most commonly 

cervical cancer (n=7418), Kaposi sarcoma (n=6380), and breast cancer (n=2748). In young 

PWH, the incidence rates for infection-related cancers were substantially higher than for 
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infection-unrelated cancers. At age 40 years, the most frequent cancer was cervical cancer in 

female and Kaposi sarcoma in male PWH. Thereafter, the rates of infection-unrelated cancers 

increased steeply, particularly among male PWH, where prostate cancer became the most 

frequent cancer type at older age.  While Kaposi sarcoma rates peaked at 34 years (101/100,000 

person-years) in male PWH, cervical cancer remained the most frequent cancer among older 

female PWH. 

Conclusions: Infection-related cancers are common in PWH in South Africa, but rates of 

infection-unrelated cancers overtook those of infection-related cancers after age 54 years in the 

overall study population. As PWH in South Africa live longer, prevention and early detection of 

infection-unrelated cancers becomes increasingly important. Meanwhile, control strategies for 

infection-related cancers, especially cervical cancer, remain essential. 

Keywords: HIV; cancer; age; incidence; South Africa 

INTRODUCTION 

Older age is an important, non-modifiable risk factor for cancer with incidence rates increasing 

rapidly after age 50 years [1,2]. The strong association between increasing age and cancer risk 

may be explained by the accumulation of somatic mutations, a weakening immune system, 

changes in the tissue environment, and longer exposure to carcinogens [3,4]. However, not all 

cancer types follow this age pattern. Cancers that occur earlier in life are rare, associated with 

lifestyle factors or infections [4]. 

People with HIV (PWH) have a higher cancer risk than HIV-negative individuals, potentially 

due to HIV-induced immunodeficiency, oncogenic co-infections, and, in certain settings, a 

higher prevalence of smoking and alcohol use among PWH [5,6]. Antiretroviral therapy (ART) 

has reduced the incidence of certain cancers such as Kaposi sarcoma and non-Hodgkin 

lymphoma and improved life expectancy among PWH worldwide [7,8]. As PWH live longer, the 

burden of cancers traditionally associated with older age has increased in this population [9–11]. 

Some studies reported that the risk of certain cancer types increased drastically with older age 

among PWH, independently of immunodeficiency and viral suppression status [12,13]. 

However, studies of cancer risk in PWH often treat age as a factor of secondary interest. Large-

scale studies specifically examining the relationship between age and individual cancer types in 

PWH are rare, especially in resource-limited settings. Yet, a solid description of age-specific 

cancer incidence rates among PWH is essential for planning cancer prevention and care 

programs in this population. Therefore, we used data from the South African HIV Cancer Match 

(SAM) study, a nationwide cohort of PWH [14], to examine the association between age and 

cancer risk and estimate age-specific cancer rates in male and female PWH in South Africa. 
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METHODS 

The SAM study 

The SAM study is based on a linkage between records from the National Health Laboratory 

Services (NHLS), the largest pathology service in South Africa, and the National Cancer 

Registry (NCR) for the years 2004-2014 [14]. The NHLS serves the public sector with 

laboratories in all provinces. Established in 1986, the NCR collects data on pathologically-

confirmed cancer diagnoses from public and private laboratories throughout South Africa [15].
 

Using a privacy-preserving probabilistic record linkage (P3RL) encryption tool [16], we first 

created a virtual cohort of PWH by identifying HIV-related laboratory records most likely 

belonging to the same individual. In a second step, we linked PWH to cancer diagnoses. HIV-

related laboratory measurements included positive HIV tests, CD4 cell counts and percentages, 

and HIV RNA viral loads. We obtained ethical approval from the Human Research Ethics 

Committee of the University of the Witwatersrand (M190594), Johannesburg, South Africa, and 

the Cantonal Ethics committee (2016–00589) in Bern, Switzerland.  

Inclusion criteria and definitions 

We included PWH who had HIV-related laboratory tests on separate days and available 

information on sex and age. Individuals diagnosed with cancer before their first HIV-related 

laboratory result were excluded from the analysis of that specific cancer type. In a separate 

analysis, we restricted the study population to individuals with ≥1 CD4 count measurement and 

≥1 year of follow-up after their first CD4 count measurement. 

We divided cancers into infection-related and infection-unrelated. Infection-related cancers were 

categorized into Kaposi sarcoma, cervical cancer, non-Hodgkin lymphoma, human 

papillomavirus (HPV)-related cancers (non-AIDS-defining), Epstein-Barr virus-related cancers 

(non-AIDS-defining), conjunctival cancer, liver and bile duct cancer, stomach cancer, and 

bladder cancer. Infection-unrelated cancers included breast cancer, colorectal cancer, connective 

tissue cancer, leukemia, lung cancer, melanoma, esophageal cancer, prostate cancer, and other 

infection-unrelated cancers. Cancer types were identified using site and morphology codes from 

the International Classification of Diseases for Oncology, 3
rd

 Edition (ICD-0-3), see 

Supplemental Table 1. Ill-defined cancers and cancers with unknown primary site were not 

considered. We excluded basal cell carcinoma (ICD-0-3 morphology codes 8090-8110) and 

squamous cell carcinoma of the skin (ICD-0-3 topography codes C44.0-9 in combination with 

morphology codes 8050-8084) from all analyses.  
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Statistical analysis 

We used descriptive statistics to assess age, calendar year, and CD4 count of PWH at their first 

HIV-related laboratory test (baseline). For baseline CD4 counts we considered measurements 

within 14 days of the first HIV-related laboratory test. Additionally, for PWH who developed 

cancer we assessed the age and calendar year at cancer diagnosis. 

Individuals were considered at risk from their first HIV-related laboratory measurement until six 

months after their last HIV-related laboratory measurement, database closure (1
st
 January 2015), 

or the first diagnosis of the cancer(s) under consideration, whichever came first. We estimated 

cancer incidence rates per 100,000 person-years (py) as a continuous function of age using 

Royston-Parmar parametric survival models [17]. We fit separate unadjusted models for the 

incidence of infection-related and infection-unrelated cancers. We estimated incidence rates for 

specific cancers including either sex, CD4 count (0-199, 200-349, ≥350 cells/µL), or baseline 

calendar year (2004-2009, 2010-2014) as an independent variable. The CD4 counts were time-

updated and lagged by one year to minimize the risk of our results being affected by reverse 

causality. Thus, for analyses involving CD4 counts the time-at-risk started one year after an 

individual’s first CD4 count measurement. For each cancer type, we considered 3-6 degrees of 

freedom for the natural spline basis for the incidence rate, choosing the models based on the 

lowest Akaike Information Criteria (AIC). We modelled interactions between age and either sex, 

CD4 count, or baseline calendar year using natural splines with 1-3 degrees of freedom. For each 

cancer, we compared the interaction model with lowest AIC to the corresponding model without 

the interaction using likelihood ratio tests. We retained the interaction if the p-value was <0.05. 

We summarize the choice of the number of degrees of freedom in Supplemental Table 2. Data 

management and analyses were performed in R version 3.6.2 (R Foundation for Statistical 

Computing, Vienna, Austria).  

RESULTS 

Study population 

We included 5,222,827 PWH with 15,376,297 py of follow-up (Supplemental Figure 1). The 

median time-at-risk was 2.4 years (inter-quartile range [IQR] 1.1-4.2). Over two-thirds of the 

study population were female (N=3,593,738; 69%). The median age at the first HIV-related test 

was 33 years (IQR 26-41), and the majority had their first HIV-related test between 2008 and 

2011 (Table 1). A total of 29,580 individuals developed cancer, including 19,749 with an 

infection-related and 8,764 with an infection-unrelated cancer. The most common cancers were 

cervical cancer (N=7,418), Kaposi sarcoma (N=6,380), and breast cancer (N=2,748). The 

characteristics of PWH with an incident cancer are shown in Table 2 (infection-related cancers, 

any cancer) and Table 3 (infection-unrelated cancers). The median age at cancer diagnosis varied 
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from 35 years (IQR 29-43) for EBV-related non-AIDS-defining cancers and 35 years (IQR 30-

42) for Kaposi sarcoma to 59 years (IQR 54-64) for prostate cancer.  

Age and cancer incidence 

In young PWH, both male and female, the incidence rates for infection-related cancers were 

substantially higher than for infection-unrelated cancers (Figure 1). However, from the age of 40 

years, the incidence rate of infection-unrelated cancers increased steeply. The rates of infection-

unrelated cancers overtook those of infection-related cancers by age 55 years in the overall study 

population and by age 51 years in male PWH.  In female PWH, the risk of infection-related 

cancers was higher than that of infection-unrelated cancers across all age groups. 

We found significant interactions between age and sex for all infection-related cancers except 

bladder cancer and for none of the infection-unrelated cancers. Still, for most cancer types and at 

most ages, the incidence rates in male PWH were higher than or similar to those in female PWH 

(Figure 2). Some of the infection-related cancers showed a distinct age-specific incidence pattern 

with a peak among middle-aged PWH. The Kaposi sarcoma rate peaked at age 31 years in 

female (34.4/100,000 py, 95% CI 32.7-36.2) and 34 years in male PWH (100.8/100,000 py, 95% 

CI 94.6-107.5). The conjunctival cancer rate peaked at age 37 years in female (10.1/100,000 py, 

95% CI 8.9-11.4) and 38 years in male PWH (11.6/100,000 py, 95% CI 10.0-13.2). For EBV-

related non-AIDS-defining cancers we found an incidence rate peak at age 33 years in male 

PWH (8.9/100,000 py, 95% CI 7.7-10.3) but no such peak was evident for female PWH. 

Incidence rates for other infection-related cancers were highest among older PWH (Figure 2).  

For example, the incidence rates of liver, stomach, and bladder cancer remained very low until 

age 40 years in both male and female PWH (<2.5/100,000 py) but increased at older age 

(Supplemental Table 3). In female PWH, the incidence rates of cervical and other HPV-related 

cancers increased after age 20 years. For example, between age 20 and 40 years, cervical cancer 

rates increased from 1.5/100,000 py (95% CI 1.0-2.2) to 98.5/100,000 py (95% CI 94.5-102.8). 

Of note, the incidence rate of non-AIDS defining HPV-related cancers was higher in male than 

female PWH between the ages of 41 and 56 years. In both male and female PWH, non-Hodgkin 

lymphoma rates increased steadily until age 45 years before stabilizing.  

For most infection-unrelated cancers, the steep incidence rate increase started after the age of 40 

years (Figure 3). Breast cancer incidence rates increased substantially from age 30 years already, 

reaching 33.4/100,000 py (95% CI 31.6-35.2) at age 40 years and 171.6/100,000 py (95% CI 

140.5-209.6) at age 80 years. For colorectal, lung, esophageal, and prostate cancer, incidence 

rates stabilized in older PWH. In contrast, incidence rates for leukemia showed a bimodal pattern 

with highest rates in young and old PWH. The lowest leukemia rates occurred at age 37 years in 

both female (1.3/100,000 py, 95%CI 1.1-1.6) and male PWH (2.9/100,000 py, 95%CI 2.3-3.5).  

There were significant interactions between age and CD4 cell count for some of the infection-

related cancers, i.e., non-Hodgkin lymphoma, non-AIDS defining HPV-related cancers, and 
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stomach cancer, but for none of the infection-unrelated cancers. Incidence rates of most 

infection-related cancers were higher at lower CD4 cell counts (Figure 4 and Supplemental Table 

4). The non-Hodgkin lymphoma rate peaked between ages 40-45 years (23.3/100,000 py, 95%CI 

20.2-26.9) in PWH with CD4 cell counts <200 cells/µL, whereas for PWH with ≥200 CD4 

cells/µL incidence rates increased from middle-age onwards. There were negligible differences 

by CD4 cell counts in the incidence rates of infection-unrelated cancers (Supplemental Figure 2 

and Supplemental Table 4). We found an interaction between age and baseline calendar period 

for non-AIDS defining HPV-related cancers and conjunctival cancer, but not for other types of 

cancers (Supplemental Figures 3 and 4, Supplemental Table 5). 

DISCUSSION 

In this study of over five million PWH in South Africa, we found that below the age of 40 years, 

infection-related cancers were the predominant incident cancer types in both male and female 

PWH. After that age, incidence rates of infection-unrelated cancers sharply increased. The rates 

of infection-unrelated cancers surpassed those of infection-related cancers by the age of 55 years 

in the overall study population and by age 51 in male PWH. In female PWH, infection-related 

cancers remained the dominant incident cancer type throughout the life span. The rates of most 

cancer types increased continuously with older age. In contrast, incidence rates for Kaposi 

sarcoma and conjunctival cancer – two cancer types strongly associated with immunodeficiency 

– peaked in middle-aged PWH.  

This is one of the first large-scale studies to focus on age as an important risk factor for 

developing cancer in PWH in sub-Saharan Africa. The large cohort size allowed the assessment 

of individual cancer types. We used flexible parametric survival models with splines to estimate 

cancer rates across the age continuum and avoided applying arbitrary age category cut-offs. All 

cancers were laboratory confirmed and ICD-0-3 coded. However, our results must be interpreted 

considering some limitations. The cancer incidence rates in our study are likely underestimated 

because diagnoses were pathology-based and clinically diagnosed cases were missed. A Dutch 

study found that individuals with clinically diagnosed cancer were older than those with 

pathology-confirmed diagnoses [18]. If the same pattern applies to South Africa, we may have 

underestimated cancer risk in older PWH more than in young PWH. We defined incident cancers 

as diagnoses that occurred at any time after the first HIV-related laboratory measurement. Other 

studies used clinic enrolment or ART initiation as starting points for time-at-risk. Therefore, 

incidence estimates across studies may not be readily comparable.  The SAM study does not 

currently include death or migration data; thus, we censored time-at-risk six months after an 

individual’s last HIV-related laboratory measurement. Furthermore, we did not have access to 

socio-economic, behavioral, or ART information and could not assess whether these factors 

modified the association between age and cancer incidence.  
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Few studies specifically examined age as a risk factor for developing cancer among PWH, and 

data from sub-Saharan Africa are particularly scarce. Furthermore, most studies did not assess 

age as a continuous variable, and comparisons across studies are hampered by the varying age 

categories chosen in the individual studies. Nevertheless, in line with our results, one European 

study reported that old age was a strong risk factor for infection-related and infection-unrelated 

cancers in PWH with the association being stronger for infection-unrelated cancers [10].  

Because of the relatively low number of cancers (n=643), cancer types could not be assessed 

individually [10]. In contrast to our results, this study did not find significant interactions 

between CD4 cell count and age for the risk of developing infection-related cancers whereas for 

infection-unrelated cancers the association of lower CD4 counts with incident cancer seemed to 

be stronger among PWH aged <50 years [10]. However, findings between the two studies are 

difficult to compare as the European study did not assess individual cancers and used only two 

broad age categories (<50 years and ≥50 years) to assess interactions between age and CD4 

counts. Interaction between age and sex was not assessed. A larger US-based study restricted to 

PWH aged ≥50 years found that incidence rates for different infection-unrelated cancers such as 

lung, prostate, and colon cancer increased substantially with older age [19]. In contrast, Kaposi 

sarcoma rates were lower in PWH aged >69 years compared to those aged 50-59 years [19]. The 

association between age and Kaposi sarcoma remains unclear with some studies reporting 

highest incidence rates in young [20–22] or middle-aged PWH [23], and others in older PWH 

[12,24]. These conflicting results may be partly explained by the large geographic variation in 

the age-specific prevalence of human herpesvirus 8, the infectious cause of Kaposi sarcoma [25], 

and differences in ART coverage between the study populations.  

In the South African general population, 85% of incident cancers occur in people aged ≥40 years 

[26]. Ageing may increase cancer risk through prolonged carcinogenic exposure, accumulation 

of somatic mutations, a deteriorating immune system, and changes in the tissue environment 

[3,4]. Several studies have suggested that the ageing process is accelerated in PWH and, thus, 

age-related comorbidities such as cancer may occur earlier [27,28], but some controversy around 

this hypothesis remains [29,30]. In our analysis, incidence rates in young PWH were higher for 

infection-related than infection-unrelated cancers. The most frequent cancer type at the age of 40 

years was Kaposi sarcoma in male and cervical cancer in female PWH. Interestingly, incidence 

rates for Kaposi sarcoma and conjunctival cancer – the cancer types most strongly associated 

with low CD4 counts in a previous analysis of the SAM study [31], peaked in middle-aged 

PWH, whereas cervical cancer rates started increasing substantially and steadily after the age of 

20 years. Although the HIV-attributable fraction of cervical cancer is particularly high (86%) 

among young women (≤35 years) in Southern Africa [32], we found that cervical cancer was 

also the most frequent cancer type in older women with HIV. In contrast, the most frequent 

cancer type in older men with HIV was prostate cancer. 

With ART widely available, the distribution of PWH in South Africa is shifting towards older 

ages [33,34]. We found that in PWH aged ≥55 years, incidence rates for infection-unrelated 
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cancers were higher than for infection-related cancers. Over time, the prevention and early 

detection of infection-unrelated cancers will become increasingly important to reduce cancer-

related morbidity and mortality among PWH in South Africa. Prevention strategies for infection-

unrelated cancers include smoking cessation interventions, promotion of a healthy lifestyle, 

avoidance of excessive sun exposure, and adherence to recommended routine screenings [35,36]. 

Nevertheless, prevention of infection-related cancers remains important throughout the lifespan 

of PWH, but especially among young PWH where infection-related cancers are the predominant 

incident cancer types. Prevention strategies to reduce the burden of infection-related cancers 

include HPV vaccination, screening for and treatment of pre-cancerous cervical lesions, hepatitis 

B virus (HBV) vaccination, and treatment of HBV and hepatitis C virus infection [35]. 

Furthermore, early ART initiation may reduce the risk of developing infection-related and 

potentially also infection-unrelated cancers [37]. 

In conclusion, incidence rates of most cancers increased with older age among PWH in South 

Africa, but rates of Kaposi sarcoma and conjunctival cancer peaked among middle-aged PWH In 

young PWH infection-related cancers were the dominant cancer types, whereas most cancer 

diagnoses in PWH above the age of 54 years were infection-unrelated. As PWH in South Africa 

become older, prevention and early detection of infection-unrelated cancers will become 

increasingly important. However, promotion of prevention strategies for infection-related 

cancers will remain essential to reduce the cancer burden among young PWH in South Africa. 
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Table 1: Characteristics of eligible individuals from the South African Cancer Match 

(SAM) study at the time of their first HIV-related laboratory test 

Characteristic   Number (%) 

Total   5,222,827 

Female  

 

 3,593,738 (68.8) 

Median age [IQR], years  32.91 [26.13, 40.83] 

Age group    

  0-14  330,280 (6.3) 

  15-29  1,712,924 (32.8) 

  30-44  2,329,666 (44.6) 

  45-59  753,029 (14.4) 

  60-74  90,816 (1.7) 

  ≥75  6112 (0.1) 

Calendar period    

  2004 – 2007  1,131,399 (21.7) 

  2008 – 2011  2,679,987 (51.3) 

  2012 – 2014  1,411,441 (27.0) 

Median CD4 cell count [IQR], cells/µl   286 [151, 459] 

CD4 cell count, cells/µl    

  0-49  373,788 (7.2) 

  50-99  367,990 (7.0) 

  100-199  819,033 (15.7) 

  200-349  1,230,564 (23.6) 

  350-499  854,581 (16.4) 

  ≥ 500  959,814 (18.4) 

  Missing  617,057 (11.8) 
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Table 2: Characteristics at the time of cancer diagnosis for individuals with an infection-related cancer or any cancer. 

 
AIDS-defining cancers 

 
Non AIDS-defining cancers 

 Any infection-
related cancer 

Any cancer 

 Invasive 
cervical cancer 

Kaposi Sarcoma Non-Hodgkin 
lymphoma 

 Human 
papillomavirus-

related 
 

Conjunctival  
cancer 

Epstein-Barr 
virus-related 

 

Stomach 
cancer 

Bladder cancer Liver and bile 
duct cancer 

   

 N (%) N (%) N (%)  N (%) N (%) N (%) N (%) N (%) N (%)  N (%) N (%) 

 7418 6380 2590  1094 1080 609 284 195 189  19749 29580 

Female (%) 7418 (100.0) 3103 (48.6) 1387 (53.6)  765 (69.9) 705 (65.3) 300 (49.3) 123 (43.3) 87 (44.6) 84 (44.4)  13890 (70.3) 19873 (67.2) 

Median age [IQR] 
42.57  

[36.40, 49.69] 
35.49  

[30.05, 42.02] 
38.62  

[32.20, 45.79] 
 

40.62  
[33.81, 48.80] 

38.00  
[33.35, 43.67] 

35.18  
[29.21, 42.71] 

49.17  
[41.33, 57.06] 

51.63  
[41.80, 58.37] 

44.84  
[36.73, 53.82] 

 
39.21  

[33.03, 46.75] 
41.60  

[34.37, 50.20] 

Age group (%)              

   0-14 0 (0.0) 105 (1.6) 96 (3.7)  2 (0.2) 1 (0.1) 30 (4.9) 0 (0.0) 0 (0.0) 1 (0.5)  250 (1.3) 363 (1.2) 

   15-29 454 (6.1) 1470 (23.0) 361 (13.9)  119 (10.9) 134 (12.4) 138 (22.7) 18 (6.3) 4 (2.1) 19 (10.1)  3973 (20.1) 3301 (11.2) 

   30-44 3943 (53.2) 3718 (58.3) 1426 (55.1)  592 (54.1) 725 (67.1) 326 (53.5) 86 (30.3) 59 (30.3) 75 (39.7)  10731 (54.3) 14344 (48.5) 

   45-59 2603 (35.1) 961 (15.1) 622 (24.0)  329 (30.1) 199 (18.4) 109 (17.9) 131 (46.1) 92 (47.2) 71 (37.6)  4193 (21.2) 9453 (32.0) 

   60-74 395 (5.3) 123 (1.9) 83 (3.2)  49 (4.5) 18 (1.7) 6 (1.0) 46 (16.2) 38 (19.5) 21 (11.1)  570 (2.9) 2028 (6.9) 

   ≥75 23 (0.3) 3 (0.0) 2 (0.1)  3 (0.3) 3 (0.3) 0 (0.0) 3 (1.1) 2 (1.0) 2 (1.1)  32 (0.2) 91 (0.3) 

Calendar period (%)              

  2004 – 2007 962 (13.0) 1517 (23.8) 452 (17.5)  95 (8.7) 166 (15.4) 105 (17.2) 35 (12.3) 19 (9.7) 19 (10.1)  7878 (39.9) 4563 (15.4) 

  2008 – 2011 3083 (41.6) 2960 (46.4) 1147 (44.3)  406 (37.1) 510 (47.2) 237 (38.9) 116 (40.8) 81 (41.5) 89 (47.1)  9153 (46.3) 12639 (42.7) 

  2012 – 2014 3373 (45.5) 1903 (29.8) 991 (38.3)  593 (54.2) 404 (37.4) 267 (43.8) 133 (46.8) 95 (48.7) 81 (42.9)  2718 (13.8) 12378 (41.8) 
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Table 3: Characteristics at the time of cancer diagnosis for individuals with an infection-unrelated cancer. 

 Breast cancer Colorectal cancer Connective tissue 
cancer 

Leukaemia Lung cancer Melanoma Esophagus cancer Prostate cancer Other infection-
unrelated cancers 

Any infection-
unrelated cancer 

 
N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) 

 2748 655 243 359 734 235 589 652 2685 8764 

Female (%) 2707 (98.5) 362 (55.3) 130 (53.5) 187 (52.1) 208 (28.3) 137 (58.3) 262 (44.5) 0 (0.0) 1558 (58.0) 5489 (62.6) 

Median age [IQR] 
44.77  

[38.02, 52.16] 
48.02  

[38.67, 56.19] 
40.01 

 [31.61, 49.86] 
36.51  

[28.30, 46.33] 
52.59  

[46.65, 58.34] 
47.57  

[39.19, 55.08] 
52.47  

[46.43, 58.02] 
59.00  

[53.67, 64.46] 
45.86 

 [36.91, 54.87] 
47.46 

 [38.66, 55.55] 

Age group (%) 
         

 

   0-14 1 (0.0) 0 (0.0) 16 (6.6) 38 (10.6) 1 (0.1) 0 (0.0) 0 (0.0) 0 (0.0) 70 (2.6) 126 (1.4) 

   15-29 118 (4.3) 39 (6.0) 39 (16.0) 70 (19.5) 7 (1.0) 13 (5.5) 9 (1.5) 1 (0.2) 238 (8.9) 532 (6.1) 

   30-44 1274 (46.4) 226 (34.5) 99 (40.7) 150 (41.8) 134 (18.3) 86 (36.6) 109 (18.5) 28 (4.3) 970 (36.1) 3063 (34.9) 

   45-59 1126 (41.0) 283 (43.2) 71 (29.2) 80 (22.3) 444 (60.5) 110 (46.8) 364 (61.8) 324 (49.7) 1080 (40.2) 3819 (43.6) 

   60-74 222 (8.1) 104 (15.9) 18 (7.4) 21 (5.8) 147 (20.0) 25 (10.6) 102 (17.3) 284 (43.6) 308 (11.5) 1175 (13.4) 

   ≥75 7 (0.3) 3 (0.5) 0 (0.0) 0 (0.0) 1 (0.1) 1 (0.4) 5 (0.8) 15 (2.3) 19 (0.7) 49 (0.6) 

Calendar period 

(%)          
 

  2004 – 2007 278 (10.1) 60 (9.2) 51 (21.0) 69 (19.2) 90 (12.3) 42 (17.9) 65 (11.0) 47 (7.2) 351 (13.1) 1041 (11.9) 

  2008 – 2011 1148 (41.8) 244 (37.3) 117 (48.1) 167 (46.5) 276 (37.6) 84 (35.7) 240 (40.7) 212 (32.5) 1202 (44.8) 3645 (41.6) 

  2012 – 2014 1322 (48.1) 351 (53.6) 75 (30.9) 123 (34.3) 368 (50.1) 109 (46.4) 284 (48.2) 393 (60.3) 1132 (42.2) 4078 (46.5) 

  Missing 375 (13.6) 91 (13.9) 41 (16.9) 63 (17.5) 105 (14.3) 30 (12.8) 78 (13.2) 79 (12.1) 433 (16.1) 1275 (14.5) 
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FIGURE LEGENDS 

Figure 1: Incidence rates per 100,000 person-years (solid lines) as a function of age for any 

infection-related cancer and any infection-unrelated cancer, overall, for men, and women.  The 

shaded areas represent 95% confidence intervals. We included an interaction between sex and 

age in the sex-adjusted model for infection-related cancers (p-value for interaction <0.001) and 

infection-unrelated cancers (p-value for interaction <0.001). 
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Figure 2: Incidence rates per 100,000 person-years (solid lines) as a function of age and sex for 

infection-related cancers, with p-values from the likelihood ratio test comparing the model with 

an interaction between age and sex to the model without. The interaction was included in all 

analyses except that of bladder cancer. The shaded areas represent 95% confidence intervals. 

HPV: human papillomavirus; EBV: Epstein-Barr virus.  
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Figure 3: Incidence rates per 100,000 person-years (solid lines) as a function of age and sex for 

infection-unrelated cancers, with p-values from the likelihood ratio test comparing the model 

with an interaction between age and sex to the model without.  We did not include an interaction 

between age and sex in any of the analyses. The shaded areas represent 95% confidence 

intervals. 
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Figure 4: Incidence rates per 100,000 person-years (solid lines) as a function of age and CD4 

cell count (cells/µL, time-updated, lagged one year) for infection-related cancers, with p-values 

from the likelihood ratio test comparing the model with an interaction between age and CD4 cell 

count to the model without. We included the interaction in the analysis of non-Hodgkin 

lymphoma, HPV-related (non-AIDS defining) cancers, and stomach cancer. The estimates for 

bladder cancer are left-truncated at age 20 years and the estimates for the EBV-related cancers 

and liver cancer are left-truncated at age 5 years. The shaded areas represent 95% confidence 

intervals. 
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