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Abstract 

Background

Antiretroviral therapy (ART) restores cellular immunity, significantly reducing AIDS-related 

mortality and morbidity thus improving the quality of life among People living with HIV 

(PLHIV). Studies done in several countries show a decline in AIDS defining cancers 

(ADCs) with the introduction of ART however the increased longevity has led to the 

increase of Non-AIDS defining cancers (NADCs). The study was aimed at studying the 

changing spectrum and trends of cancer among Human Immunodeficiency Virus (HIV) 

patients in southwestern Uganda.

Methods

The study was a retrospective chart review of records of HIV-positive patients attending/

receiving care from the Oncology clinic and ISS clinic of Mbarara Regional Referral Hospi-

tal (MRRH) who were, diagnosed with cancer for the past 10 years (January 2012–2021). 

Data were statistically analyzed using STATA version 17 (Stata Corp, Texas, US) at P <  

0.05.

Results

Males were more common at 64.5% while the median age was 37 years (IQR 29–47 

years). ADCs were seen in 77.5% of the population while participants with NADCs were 

older (p < 0.001). The majority 73.3% (283/386) were in later stages (3 and 4). Having 

either ADCs or NADCs was different across HIV stages (p < 0.001). The median base-

line CD4 count was 205 cells/μl (IQR: 90–400 cells/μl). The median duration on ART 

was 15 months (IQR 3–65 months). Participants with ADCs had been on ART for a 

shorter duration of time (p < 0.001). Only the outcome of patients with ADCs were avail-

able. The outcome varied with sex (p < 0.036), baseline CD4 (p < 0.048), and HIV stage 

(p < 0.002). Males were more likely to die (30/38 or 78.95%) and lost to follow-up (26/41 

or 60.98%). Participants with baseline CD4 cell count > 200 cells/μl were more than twice 

likely to be active in care. The Commonest ADC was Kaposi Sarcoma (KS) while the 
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commonest NADC was Squamous cell carcinoma, Not otherwise specified. Age above 

50 years was associated with a significantly reduced risk of ADCs (OR: 0.11; 95% CI: 

0.03–0.43; p value: 0.002). The risk of ADCs increased from stage 2 (OR: 0.46, p-value: 

0.03; 95% CI: 0.23–0.91) to stage 3 (OR: 1.13; p-value: 0.66; 95% CI: 0.65–1.97) but this 

was not statistically significant. The risk of ADCs decreased with increasing ART duration 

(P value < 0.05).

Conclusion

ADCs are still a major health challenge in Southwestern Uganda despite the increasing 

the coverage and uptake of ART in region. These have mostly affected the young people, 

people who have been on HAART for a shorter period and those with lower CD4 cell 

count at initiation of ART.

Introduction
To date, 79.3 million people have so far been infected by the Human Immunodeficiency Virus 
(HIV) [1]. Presently, 37.7 million people are living with HIV (PLHIV) globally. 25.4 million 
PLHIV (67%) are in Sub-Saharan (SSA). In Uganda, 1.5 million people are living with HIV, 
5.4% being adults (15–49 years). With improvement in the coverage of Antiretroviral therapy 
(ART), there has been a significant decrease in the number of new infections, prevalence, 
and death globally [2]. Uptake of HIV prevention and treatment has improved over years in 
Uganda with ART coverage currently at 85% among adults, consequently reducing new infec-
tions from 94,000 in 2010 to 53,000 in 2019 which is still high [3,4]. HIV-related death has 
declined in Uganda from 53,000 in 2010 to 21,000 in 2019 with Non Communicable Diseases 
(NCDs) including cancers contributing a significant number to the mortality in addition to 
opportunistic infections [3,5,6].

HIV causes immunosuppression which increases the risk of developing cancer post infec-
tion with several viruses like Human Papilloma Viruses (HPV), Epstein Barr Virus (EBV), and 
Human Herpes Virus 8 (HHV-8), among others which are known to cause cancers [7]. Some 
of these cancers are collectively known as AIDS-defining cancers (ADCs) namely, Kaposi 
sarcoma (KS), Non-Hodgkin Lymphoma (NHL), and cancer of the cervix, and these can be 
the initial manifestation of AIDS [8–10]. However, these cancers are also seen in the general 
population though at a low prevalence [10–12]. HIV also increases the risk for other cancers 
collectively termed as non-AIDS defining cancers (NADCs), but not to the tune of ADCs [9]. 
A study conducted in Kyadondo County in central Uganda before the introduction of Antiret-
roviral Therapy (ART) revealed that KS, NHL, and cervical cancer were the commonest can-
cers (70%) seen among PLHIV. Studies have highlighted that low CD4 (<200 cells/mm³) count 
and high viral load (>500 copies/mL) increase the risk of almost all cancer [13,14].

The emergence of other cancers described as NADCs like conjunctival squamous cell 
carcinoma, breast carcinoma, hepatocellular carcinoma, and prostate cancer among others 
has been reported [15,16]. This rise of NADCs has been attributed to increased longevity of 
PLHIV, behavioral factors, environmental toxins, and the direct effect of HIV (activating sev-
eral proto-oncogenes and inhibition of tumor suppressor gene) [17]. NADCs have reportedly 
superseded ADCs among AIDS patients in the United States [15,18] and Tanzania [19].

ART restores cellular immunity, significantly reducing AIDS-related mortality and 
morbidity thus improving the quality of life among PLHIV [20–22]. Studies done in several 
countries show a decline in ADCs with the introduction of ART [7,23,24]. The introduction 
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of ART led to a decrease in the incidence of KS, and an increase in NHL and HPV-associated 
cancers including cervical cancer [25], however, some studies showed no effect on cervical 
cancer [16,26,27].

In Uganda, ART coverage has improved to 85% among adults of 15 years and over [4]. 
This study will assess the influence ART has had on trends and the spectrum of cancers 
among PLHIV in the last 10 years in Mbarara, southwestern Uganda. Mbarara is an area 
with the highest prevalence of HIV in Uganda and yet there is scarcity of data about cancer 
patterns among PLHIV in the region.

Methods

Study design and setting
The study was a retrospective chart review of records of HIV-positive patients attending/
receiving care from the Oncology clinic and Immune Suppression Syndrome (ISS) clinic of 
Mbarara Regional Referral Hospital (MRRH) who were, diagnosed with cancer for the past 10 
years (January 2012–2021). Records of patients under the age of 18 years and/or with missing 
data (ART regimen and baseline CD4 count) were excluded.

Study procedures
584 records of adult patients that attended ISS clinic oncology and were reviewed and sorted 
by the type of ART regimen and presence or absence of a cancer diagnosis.. The 584 patient 
files were assigned numbers from 1–584. These numbers were entered into STATA version 17. 
They were randomly redistributed and then picked as selected by the software. Those that did 
not meet the inclusion criteria were removed and replaced, until the 386 cases were achieved 
as seen in Fig 1. Cancer diagnosis was cross-checked with the records at the Pathology 
Laboratory and cancer registry to ensure quality and consistency of the data. Data on patient 
characteristics (age and gender), Baseline CD4 cell count (<200 and above 200), ART regimen 
at start (first or second line), duration on ART (≤6 months, 7–12 months, 13–24 months and 
> 24 months), Type and histological subtypes of cancer and HIV stage at cancer diagnosis 
were obtained. Cancer types were classified as either ADCs (KS, Cervical cancer, and NHL) or 

Fig 1.  Study flow chart.

https://doi.org/10.1371/journal.pone.0317222.g001

https://doi.org/10.1371/journal.pone.0317222.g001
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NADCs, and the clinical outcome was recorded as active, dead, loss to follow-up and trans-
fer. The study was approved by Mbarara University Institutional Review Board (MUST-IRB) 
with study number (MUST-2022-681). Permission to access the data from Oncology and ISS 
clinics was also given by the respective unit heads.

Data management and analysis
Data was entered in Epi Info software version 7 (CDC), transferred into Excel for clean-
ing, coded and analyzed using STATA version 17 (Stata Corp, Texas, US). Data was 
entered in Mbarara and stored in an encrypted database. The continuous variables were 
reported as medians, and discontinuous variables were reported as proportions and/or 
percentages. The dependent variables were the type and histological subtypes of cancer, 
and the independent variables included patient characteristics (age, gender), baseline CD4 
cell count, baseline ART regimen, duration on ART till cancer diagnosis and HIV stage at 
cancer diagnosis. Chi-square tests was used to establish differences amongst established 
categories (ADCs and NADCs) and study participant characteristics. Regression anal-
ysis was used to establish the relationship between the ART regimen, duration on ART, 
HIV stage and the different cancer types in univariate and multivariate analyses. Results 
were reported as odds ratios and confidence intervals at 95%. A p < 0.05 was considered 
significant.

Results
We reviewed 584 charts from the oncology and immunosuppression syndrome (ISS) clinics 
to determine participants with both cancer and HIV diagnosis as shown above. Charts that 
had both conditions were categorized based on whether the cancer type is classified as ADC or 
NADC. These were further scrutinized for mention of ART regimen and Baseline CD4 count. 
Those that were missing both the ART regimen and baseline CD4 were excluded from the 
study. Those that were included were 386.

Baseline characteristics of study participants
Baseline characteristics of the patients’ reviewed records are summarized in Table 1. 
Overall, males were more than the females at 64.5% (249/386), the median age was 
37 years (IQR 29–47 years), baseline CD4 count was 205 cells/μl, median duration of 
HAART was 15 months, more late stage HIV was documented and ADCs were more than 
NADCs at 77.5%. ISS clinic had only ADCs while Oncology had both ADCs and NADCs. 
Participants with NADCs were older (p < 0.001) and had been on HAART for a longer 
duration of time (p < 0.001). HIV stages were significantly different between the ADCs 
and NADCs.

Outcome compared with the different variables
Outcome (either active in care, dead, LTF, or transfer) are summarized in Table 2. The avail-
able records were for the 146 participants who had ADCs, and all these records were from 
the ISS clinic. The outcome of patients with NADCs were not available. The outcome varied 
with sex (p < 0.036), baseline CD4 (p < 0.048), and HIV stage (p < 0.002). More males were 
dead (30/38 or 78.95%) and lost to follow-up (26/41 or 60.98%) than females. Participants 
with baseline CD4 cell count >200 cells/μl were more active in care and with fewer deaths than 
their counterparts of less than 200 cells/μl. Advanced stages of HIV (stage 3 and stage 4) had 
majority of the participants across all outcomes.
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Spectrum/histological subtypes and of cancers among PLHIV in 
Southwestern Uganda
ADCs are much more prevalent 77.5% (299/386) with KS the most observed ADCs (90%), fol-
lowed by cervical cancer (8%), and NHL (2%). Among the NADCs, squamous cell carcinomas 
(sites not specified) were the majority (4.66%) (Fig 2).

Table 1.  Baseline characteristics of study participants.

Characteristic Total cohort (n %) NADCS (n = 87) ADCS (n = 299) p-value
Sex (n %)
Female 137 (35.5%) 38 (27.7%) 99 (72.3%) 0.070
Male 249 (64.5%) 49 (19.7%) 200 (80.3%)
Age in years, median (IQR) 37 (29–47) 50 (42–57) 34 (28–41) <0.001*

HIV stage (n %)
Stage 1 52 (13.5%) 0 (0.0%) 52 (100.0%) <0.001*

Stage 2 51(13.2%) 21 (41.2%) 30 (58.8%)
Stage 3 144 (37.3%) 32 (22.2%) 112 (77.8%)
Stage 4 139 (36.0%) 34 (24.5%) 105 (75.5%)
Baseline CD4 Median(IQR). 205 (90–400) 278 (94–435) 200.5 (89–391) 0.085
ART Period in months, median (IQR) 15 (3–65) 47.5 (20–120) 8 (2–48) <0.001*

Baseline ART Regimen, n (%)
First Line 362 (97.3%) 82 (22.7%) 280 (77.3%) 0.843
Second line 10 (2.7%) 2 (20.0%) 8 (80.0%)
Outcome n (%)
Active 51 – 51 (35.2%)
Dead 38 – 38 (26.2%)
Transfer 15 – 15 (10.3%)
Lost to follow-up (LTF) 41 – 41 (28.3%)

https://doi.org/10.1371/journal.pone.0317222.t001

Table 2.  Outcome comparisons of study participant characteristics.

Variable Outcome P-value
Active in care n (%) Dead n (%) LTFU n (%) Transfer n (%)

Sex
Male 26 (50.98) 30 (78.95) 25 (60.98) 7 (46.67) 0.036*

Female 25 (49.02) 8 (21.05) 16 (39.02) 8 (53.33)
Age category (years)
18–24 2 (3.92) 5 (13.16) 4 (9.76) 2 (13.33) 0.315
25–49 38 (74.51) 30 (78.95) 33 (80.49) 12 (80.00)
≥50 11 (21.57) 3 (7.89) 4 (9.76) 1 (0.67)
Baseline CD4 (cells/μl)
<200 12 (31.58) 14 (63.64) 14 (50.0) 6 (75.0) 0.048*

>200 26 (68.42) 8 (36.36) 14 (50.0) 2 (25.0)
HIV stage
Stage 1 6 (22.22) 6 (15.79) 10 (24.39) 4 (26.67) 0.002*

Stage 2 2 (7.41) 1 (2.63) 2 (4.88) 0 (0.00)
Stage 3 10 (37.04) 17 (44.74) 11 (26.83) 6 (40.00)
Stage 4 9 (33.33) 14 (36.84) 18 (43.90) 5 (33.33)

https://doi.org/10.1371/journal.pone.0317222.t002

https://doi.org/10.1371/journal.pone.0317222.t001
https://doi.org/10.1371/journal.pone.0317222.t002
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Trends of ADCs and NADCs over the 10-year period; and Trends of ADCs 
and NADCs with CD4 count
Generally, there is a steady decrease of ADCs and a steady fluctuation of NADCs over the 
10-year period as seen in Fig 3.

ADCs decrease with increasing CD4 count while NADCs remained relatively stable with 
the changing CD4 levels as seen in Fig 4.

Influence of different drug regimens (combinations) and duration of 
HAART on cancers among those with ADCs
In both univariate and multivariate analysis, there was no significant relation between gender 
and ADCs. Age above 50 years was associated with a significantly reduced risk of ADCs 
in both univariate (OR: 0.07; 95% CI: 0.02–0.25; p value: <0.001) and multivariate analysis 
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Fig 2.  Bar graph showing proportion of NADCs.
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Fig 3.  Line graph showing the trends of ADCs and NADCS over the 10 years period.
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(OR: 0.11; 95% CI: 0.03–0.43; p value: 0.002). Because there were no participants with NADCs 
in stage 1 of HIV, we did not compare with the ADCs. At univariate analysis, the risk of 
ADCs increased from stage 2 (OR: 0.46, p-value: 0.03; 95% CI: 0.23–0.91) to stage 3 (OR: 
1.13; p-value: 0.66; 95% CI: 0.65–1.97). Stage 4 was omitted in the analysis because of collin-
earity. In univariate analysis, baseline CD4 above 200 cell/μl was marginally associated with a 
reduced risk of ADCs with a p-value of 0.05, however, this was not significant at multivariate 
analysis (p-value 0.52). The risk of ADCs decreased with increasing ART duration in both 
univariate and multivariate analysis as seen in Table 3. There was no preferential distribution 
of ADCs in relation to ART regimen with p-values of 0.84 and 0.96 in univariate and multi-
variate analysis respectively.

Discussion
HIV-induced immune suppression increases the risk for both ADCs and NADCs. With over 
two decades of use of ART in Uganda, we expected that the number of PLHIV presenting with 
ADCs should be low. From this study, the number of PLHIV presenting or being managed for 
ADCs is still high (77.5%). KS is by far the most common ADCs (90%) seen to date followed 
by cervical cancer (8%) and NHL (2%) in that order. This is similar to recent studies done in 
Kampala that also reported KS as the most commonly reported cancer together with other 
ADCs [16,28]. The high KS prevalence is attributed to the high HIV prevalence in Mbarara 
district [29]. This high HIV prevalence of HIV is attributed to the fact that Mbarara is a trans-
route city with lots of population but also the transactional sex practices, which allows even 
very poor people to have unsafe sex [30]. This is similar to sub-Saharan African countries who 
have also reported more ADCs as seen in Botswana, Kenya and Malawi [25,31,32]. However, 
this is different in developed countries where ADCs are much lower due to the low prevalence 
of HIV and improved health care behavior/systems in these countries [33]. Males make the 
biggest percentage of these patients. This is similar to studies done in the USA and China 
where males were significantly more than women [33–35] however most studies have contra-
dictory findings [23,36]. We can attribute this to the poor health seeking behaviour of most 
men which causes these men to present to hospital with overtly symptomatic or advanced dis-
ease. Men are also more likely to die from ADCs which can be attributed to very late presen-
tation for care. Men are also more likely to be less adherent to ART, they are also more likely 
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to be lost to follow-up, and therefore less likely to suppress the viral load which increases their 
chances of getting ADCs [37–39]. Several NADCs were also noted among the reviewed charts 
including cancers of the breast, prostate, squamous cell carcinomas from other sites, HL 
among others. These can be attributed to other environmental risk factors and aging as seen in 
the general population [40–42].

We found that generally, there is a steady decrease of ADCs and a steady increase of 
NADCs over the 10-year period. This is similar to many post-ART studies that concur to this 
trend. The decrease of ADCs is due to improved efficacy and tolerability of ART [43]. ART 
access in resource limited settings has increased and ART also improved quality of life as 
demonstrated in Ugandan studies [44,45]. NADCs have increased in the post-ART era due 
to the increased longevity which increases the risk of environmental and age-related cancers 
(NADCs) [43,46].

Our study found that generally, ADCs decrease with increasing CD4 count while NADCs 
remained relatively stable with the changing CD4 levels. This is similar to many studies 
[47,48]. This is attributed to the fact that ADCs are influenced by the immunosuppression 
which is proportional to the CD4 count, while NADCs are not only affected by immunosup-
pression but by other factors (multifactorial), most of which include are infectious in etiology 
[49,50].

ADCs were also more likely to be found in the younger people of 49 years and below. 
Comparatively, NADCs were more in people above 50 years. This is similar to a study 
done in the US [43]. Age above 50 years was associated with a significantly reduced risk of 
ADCs compared to the younger people. The possible explanation to this is that older people 
are most likely to have been taking HAART for quite a long time, more adherent to ART 
and are more likely to have a suppressed viral load [38]. So the risk for ADCs is reduced 

Table 3.  Effect of the different variables on ADCs in univariate and multivariate analysis.

Characteristic Univariate analysis Multivariate analysis
OR P-value 95%CI AOR p-value 95%CI

Sex
Male 1.57 0.071 0.96–2.55 1.16 0.64 0.63–2.15
Age categories
25–49 0.60 0.415 0.17–2.05 0.67 0.55 0.17–2.25
50+ 0.07 <0.001* 0.020–0.25 0.11 0.002* 0.03–0.43

HIV stage
Stage1 1 0.03* 0.23–0.91

Stage2 0.46 0.66 0.65–1.97
Stage3 1.13
Stage4 1
Baseline CD4 categories
>200 0.61 0.05# 0.37–1.01 0.82 0.52 0.45–1.50
ART Period in Months Categories
7–12 Months 0.05 <0.0001* 0.01–0.20 0.06 <0.0001* 0.02–0.26

13–24 Months 0.06 <0.000* 0.02–0.23 0.06 <0.0001* 0.02–0.31

25+ Months 0.04 <0.0001* 0.01–0.12 0.05 <0.0001* 0.02–0.22

Baseline ARV line
Second line 1.17 0.84 0.24–5.62 1.06 0.96 0.14–7.55
*P < 0.05.
#Marginally significant.

https://doi.org/10.1371/journal.pone.0317222.t003

https://doi.org/10.1371/journal.pone.0317222.t003
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but that of NADCs remains relatively similar to the general population due to factors like 
ageing [7]. Also the younger people are more likely to be involved in risky behaviours like 
alcohol intake, smoking among others [51]. This makes them likely to abandon care, skip 
taking their drugs, which causes non adherence hence increasing the risk for ADCs as it was 
observed in Zimbabwe [52].

Generally, the number of participants with either ADCs or NADCs rose with the increase 
in HIV stage. Stage 3 and 4 had significantly higher numbers of patients. This is expected 
because as one tends to AIDS, the risk of ADCs increases as described in a study done by Her-
nandez and Middleton [53]. In stage 1, there were no participants with NADCs. This hindered 
comparison with 52 participants who had ADCs in stage 1. Further, stage 4 of HIV was omit-
ted in the analysis because of collinearity which is created by the natural progression of HIV. 
At univariate analysis, the median CD4 cell count for patients with ADCs was lower than that 
of participants with NADCs however there was no statistical significance when adjusted for 
other factors. A low CD4 cell count weakens the immune system, allowing neoplastic cells to 
proliferate unchecked and form masses in the body that are cancerous. This is comparable to 
several studies that have found a low CD4 cell count of less than 200 cells to be associated with 
a significantly increased cancer risk [9,23,27]. It is also similar to studies that showed higher 
CD4 count in NADCs [43].

Participants with ADCs had been on ART for a considerably shorter duration com-
pared to the participants who had NADCs. This is similar to study done in US [43,47]. 
Duration of ART was the most important factor in determining the risk of ADCs. Even 
6 months difference in the duration of ART creates a significant difference in the risk of 
ADCs. It is possible that participants with ADCs probably presented for treatment much 
later (with AIDS) due to symptoms related to cancer and not necessarily due to HIV 
infection-related symptoms. Therefore, shortly after the initiation of ART cancer was also 
diagnosed. Longer duration of ART leads to viral load suppression and the restoration of 
the immune system which protected these participants from ADCs as similarly seen in the 
US [47].

Furthermore, participants with longer ART durations are likely to live longer just like 
the rest of the general population and this would put them at the same risk of other cancers 
(NADCs) as also seen in several population studies [23]. As observed in this study, 97.3% 
(362/372) were on the first-line ART regimen and only 2.7% (10/372) were on the second-line 
regimen. These large differences in the number of participants couldn’t allow meaningful 
comparison of the categories.

Study limitations and challenges
There was selection bias. This was minimized by using random computer-generated numbers.

Conclusion and recommendations
ADCs are still a major health challenge in Southwestern Uganda despite the increasing cover-
age and uptake ART in region. These have mostly affected the young people living with HIV, 
people who have been on ART for a shorter period and those with lower CD4 cell count at 
initiation of ART.

We recommend that at the point of initiation of HAART, patients should be screened for 
mainly ADCs and adherence to HAART should emphasized.

Because of the limitations of the study design, we recommend a prospective study to fur-
ther determine the prevalence of cancer among PLHIV and the interaction with the different 
ART regimens, CD4 cell count and viral load.



PLOS ONE | https://doi.org/10.1371/journal.pone.0317222  January 27, 2025 10 / 13

PLOS ONE Trends of cancer among HIV patients

Supporting information
S1 File.  Supporting information present shows the data collection form which was used 
during abstraction of data. 
(DOCX)

Acknowledgments
We would like to acknowledge the staff of ISS clinic and Oncology clinic who were supportive 
during data collection. We would also like to acknowledge Faculty of Medicine at Mbarara 
University of Science and Technology for the technical support they provided to us.

Author contributions
Conceptualization: Raymond Atwine, Abraham Birungi, Barbra Tuhamize, Richard Ezinga, 

Keneth Male.
Data curation: Raymond Atwine, Mitala Yekosani, Abraham Birungi, Barbra Tuhamize, 

Richard Ezinga, Keneth Male.
Formal analysis: Raymond Atwine, Mitala Yekosani, Abraham Birungi, Barbra Tuhamize, 

Richard Ezinga, Keneth Male, Taseera Kabanda.
Investigation: Raymond Atwine, Mitala Yekosani, Abraham Birungi.
Methodology: Raymond Atwine, Mitala Yekosani, Abraham Birungi, Barbra Tuhamize, 

Richard Ezinga, Keneth Male, Taseera Kabanda.
Project administration: Raymond Atwine, Mitala Yekosani.
Supervision: Raymond Atwine.
Validation: Raymond Atwine, Mitala Yekosani, Taseera Kabanda.
Visualization: Raymond Atwine, Mitala Yekosani, Barbra Tuhamize, Keneth Male, Taseera 

Kabanda.
Writing – original draft: Raymond Atwine, Mitala Yekosani, Abraham Birungi, Barbra 

Tuhamize, Richard Ezinga, Keneth Male, Brian Ssenkumba.
Writing – review & editing: Raymond Atwine, Mitala Yekosani, Abraham Birungi, Barbra 

Tuhamize, Richard Ezinga, Keneth Male, Taseera Kabanda, Brian Ssenkumba.

References
	1.	 UNAIDS. Global HIV & AIDS statistics — Fact sheet. 2021 [cited 2021 November 28]; Available from: 

https://www.unaids.org/en/resources/fact-sheet.

	2.	 WHO. Global Health Observatory data repository. 2021; Available from: https://apps.who.int/gho/data/
node.main.617?lang=en.

	3.	 Kazooba P, et al., Access to, and uptake of, antiretroviral therapy in a developing country with high 
HIV prevalence: a population‐based cohort study in rural Uganda, 2004–2008. Trop med inter health. 
2012;17(8):e49-e57. https://doi.org/10.1111/j.1365-3156.2012.02942.x PMID: 22943379

	4.	 Global information and education on HIV and AIDS. 2019 [cited 2021 December 2]. www.avert.org

	5.	 Kiragga AN, et al. A decade of antiretroviral therapy in Uganda: what are the emerging causes of 
death? BMC Infect Dis. 2019;19(1):1–6. https://doi.org/10.1186/s12879-019-3724-x PMID: 30665434

	6.	 Uganda AIDS Commission. HIV Fact Sheet 2020. 2020 [cited 2021 December 2]; Available from: 
https://uac.go.ug.

	7.	 Calabresi A, et al. Incidence of AIDS‐defining cancers and virus‐related and non‐virus‐related non‐
AIDS‐defining cancers among HIV‐infected patients compared with the general population in a large 
health district of northern Italy, 1999–2009. HIV Med. 2013;14:(8):481–90. https://doi.org/10.1111/
hiv.12034 PMID: 23560682

http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0317222.s001
https://www.unaids.org/en/resources/fact-sheet
https://apps.who.int/gho/data/node.main.617?lang=en
https://apps.who.int/gho/data/node.main.617?lang=en
https://doi.org/10.1111/j.1365-3156.2012.02942.x
http://www.ncbi.nlm.nih.gov/pubmed/22943379
www.avert.org
https://doi.org/10.1186/s12879-019-3724-x
http://www.ncbi.nlm.nih.gov/pubmed/30665434
https://uac.go.ug
https://doi.org/10.1111/hiv.12034
https://doi.org/10.1111/hiv.12034
http://www.ncbi.nlm.nih.gov/pubmed/23560682


PLOS ONE | https://doi.org/10.1371/journal.pone.0317222  January 27, 2025 11 / 13

PLOS ONE Trends of cancer among HIV patients

	 8.	 Ward M, et al. 1993 revised classification system for HIV infection and expanded surveillance case 
definition for AIDS among adolescents and adults. MMWR recomm rep. 1992. 41:1–19. PMID: 
1361652

	 9.	 Casper C. The increasing burden of HIV-associated malignancies in resource-limited regions. Annu 
Rev Med. 2011;62157–70. https://doi.org/10.1146/annurev-med-050409-103711 PMID: 20868276

	10.	 Newton R, Ziegler J, Beral V, Mbidde E, Carpenter L, Wabinga H, et al. A case-control study of 
human immunodeficiency virus infection and cancer in adults and children residing in Kampala, 
Uganda. Int J Cancer. 2001;92(5):622–7. https://doi.org/10.1002/1097-0215(20010601)92:5<622::aid-
ijc1256>3.0.co;2-k PMID: 11340563

	11.	 Engels EA, Biggar RJ, Hall HI, Cross H, Crutchfield A, Finch JL, et al. Cancer risk in people infected 
with human immunodeficiency virus in the United States. Int J Cancer. 2008;123(1):187–94. https://
doi.org/10.1002/ijc.23487 PMID: 18435450

	12.	 van Leeuwen MT, Vajdic CM, Middleton MG, McDonald AM, Law M, Kaldor JM, et al. Continuing 
declines in some but not all HIV-associated cancers in Australia after widespread use of antiretro-
viral therapy. AIDS. 2009;23(16):2183–90. https://doi.org/10.1097/QAD.0b013e328331d384 PMID: 
19734774

	13.	 Biggar RJ, Chaturvedi AK, Goedert JJ, Engels EA, HIV/AIDS Cancer Match Study. AIDS-related can-
cer and severity of immunosuppression in persons with AIDS. J Natl Cancer Inst. 2007;99(12):962–
72. https://doi.org/10.1093/jnci/djm010 PMID: 17565153

	14.	 Bruyand M, Thiébaut R, Lawson-Ayayi S, Joly P, Sasco AJ, Mercié P, et al. Role of uncontrolled HIV 
RNA level and immunodeficiency in the occurrence of malignancy in HIV-infected patients during 
the combination antiretroviral therapy era: agence nationale de recherche sur le sida (ANRS) CO3 
aquitaine cohort. Clin Infect Dis. 2009;49(7):1109–16. https://doi.org/10.1086/605594 PMID: 19705973

	15.	 Shiels MS, Pfeiffer RM, Gail MH, Hall HI, Li J, Chaturvedi AK, et al. Cancer burden in the HIV-infected 
population in the United States. J Natl Cancer Inst. 2011;103(9):753–62. https://doi.org/10.1093/jnci/
djr076 PMID: 21483021

	16.	 Mutyaba I, Phipps W, Krantz EM, Goldman JD, Nambooze S, Orem J. A population-level evaluation 
of the effect of antiretroviral therapy on cancer incidence in Kyadondo County, Uganda, 1999–2008. 
Journal of Acquired Immune Deficiency Syndromes. 2015;69(4):481–6. https://doi.org/10.1097/
QAI.0000000000000620 PMID: 25844696

	17.	 Mitsuyasu RT. Non--AIDS-defining malignancies in HIV. Top HIV Med. 2008;16(4):117–21. PMID: 
18838745

	18.	 Ceccarelli M, Venanzi Rullo E, Marino MA, d’Aleo F, Pellicanò GF, D’Andrea F, et al. Non-AIDS defin-
ing cancers: a comprehensive update on diagnosis and management. Eur Rev Med Pharmacol Sci. 
2020;24(7):3849–75. https://doi.org/10.26355/eurrev_202004_20852 PMID: 32329861

	19.	 Mremi A, Mswima J, Mlay MG, Bartholomew H, Alloyce JP, Mmbaga BT, et al. Cancer spectrum 
in HIV-infected patients: a zonal hospital experience in Tanzania. Cancer Treat Res Commun. 
2020;25:100213. https://doi.org/10.1016/j.ctarc.2020.100213 PMID: 33038569

	20.	 Kasamba I, Baisley K, Mayanja BN, Maher D, Grosskurth H. The impact of antiretroviral treatment 
on mortality trends of HIV‐positive adults in rural Uganda: a longitudinal population‐based study, 
1999–2009. Trop Med Int Health. 2012;17(8):e66–73. https://doi.org/10.1111/j.1365-3156.2012.02841.x 
PMID: 22943381

	21.	 Wang H. Estimates of global, regional, and national incidence, prevalence, and mortality of HIV, 
1980–2015: the global burden of disease study 2015. Lancet HIV. 2016;3(8):e361–87. https://doi.
org/10.1016/S2352-3018(16)30087-X PMID: 27470028

	22.	 Rubaihayo J, Tumwesigye NM, Konde-Lule J, Makumbi F, Nakku EJ, Wamani H, et al. Trends 
and predictors of mortality among hiv positive patients in the era of highly active antiretroviral  
therapy in Uganda. Infect Dis Rep. 2015;7(3):5967. https://doi.org/10.4081/idr.2015.5967 PMID: 
26500739

	23.	 Clifford GM, Polesel J, Rickenbach M, Dal Maso L, Keiser O, Kofler A, et al. Cancer risk in the Swiss 
HIV Cohort Study: associations with immunodeficiency, smoking, and highly active antiretroviral ther-
apy. J Natl Cancer Inst. 2005;97(6):425–32. https://doi.org/10.1093/jnci/dji072 PMID: 15770006

	24.	 Engels EA, Pfeiffer RM, Goedert JJ, Virgo P, McNeel TS, Scoppa SM, et al. Trends in cancer risk 
among people with AIDS in the United States 1980-2002. AIDS. 2006;20(12):1645–54. https://doi.
org/10.1097/01.aids.0000238411.75324.59 PMID: 16868446

	25.	 Dryden-Peterson S, Medhin H, Kebabonye-Pusoentsi M, Seage GR 3rd, Suneja G, Kayembe 
MKA, et al. Cancer Incidence following Expansion of HIV Treatment in Botswana. PLoS One. 
2015;10(8):e0135602. https://doi.org/10.1371/journal.pone.0135602 PMID: 26267867

http://www.ncbi.nlm.nih.gov/pubmed/1361652
https://doi.org/10.1146/annurev-med-050409-103711
http://www.ncbi.nlm.nih.gov/pubmed/20868276
https://doi.org/10.1002/1097-0215(20010601)92:5<622::aid-ijc1256>3.0.co;2-k
https://doi.org/10.1002/1097-0215(20010601)92:5<622::aid-ijc1256>3.0.co;2-k
http://www.ncbi.nlm.nih.gov/pubmed/11340563
https://doi.org/10.1002/ijc.23487
https://doi.org/10.1002/ijc.23487
http://www.ncbi.nlm.nih.gov/pubmed/18435450
https://doi.org/10.1097/QAD.0b013e328331d384
http://www.ncbi.nlm.nih.gov/pubmed/19734774
https://doi.org/10.1093/jnci/djm010
http://www.ncbi.nlm.nih.gov/pubmed/17565153
https://doi.org/10.1086/605594
http://www.ncbi.nlm.nih.gov/pubmed/19705973
https://doi.org/10.1093/jnci/djr076
https://doi.org/10.1093/jnci/djr076
http://www.ncbi.nlm.nih.gov/pubmed/21483021
https://doi.org/10.1097/QAI.0000000000000620
https://doi.org/10.1097/QAI.0000000000000620
http://www.ncbi.nlm.nih.gov/pubmed/25844696
http://www.ncbi.nlm.nih.gov/pubmed/18838745
https://doi.org/10.26355/eurrev_202004_20852
http://www.ncbi.nlm.nih.gov/pubmed/32329861
https://doi.org/10.1016/j.ctarc.2020.100213
http://www.ncbi.nlm.nih.gov/pubmed/33038569
https://doi.org/10.1111/j.1365-3156.2012.02841.x
http://www.ncbi.nlm.nih.gov/pubmed/22943381
https://doi.org/10.1016/S2352-3018(16)30087-X
https://doi.org/10.1016/S2352-3018(16)30087-X
http://www.ncbi.nlm.nih.gov/pubmed/27470028
https://doi.org/10.4081/idr.2015.5967
http://www.ncbi.nlm.nih.gov/pubmed/26500739
https://doi.org/10.1093/jnci/dji072
http://www.ncbi.nlm.nih.gov/pubmed/15770006
https://doi.org/10.1097/01.aids.0000238411.75324.59
https://doi.org/10.1097/01.aids.0000238411.75324.59
http://www.ncbi.nlm.nih.gov/pubmed/16868446
https://doi.org/10.1371/journal.pone.0135602
http://www.ncbi.nlm.nih.gov/pubmed/26267867


PLOS ONE | https://doi.org/10.1371/journal.pone.0317222  January 27, 2025 12 / 13

PLOS ONE Trends of cancer among HIV patients

	26.	 Martin J. Prospective evaluation of the impact of ART on the incidence of KS—IeDEA consortium: 
East Africa. 19th Conference on Retroviruses and Opportunistic Infections. 2012.

	27.	 Shiels MS, Engels EA. Evolving epidemiology of HIV-associated malignancies. Curr Opin HIV AIDS. 
2017;12(1):6–11. https://doi.org/10.1097/COH.0000000000000327 PMID: 27749369

	28.	 Bukirwa P, Wabinga H, Nambooze S, Amulen PM, Joko WY, Liu B, et al. Trends in the incidence 
of cancer in Kampala, Uganda, 1991 to 2015. Int J Cancer. 2021;148(9):2129–38. https://doi.
org/10.1002/ijc.33373 PMID: 33129228

	29.	 Ybarra ML, Bull SS, Prescott TL, Birungi R. Acceptability and feasibility of CyberSenga: an Internet-
based HIV-prevention program for adolescents in Mbarara, Uganda. AIDS Care. 2014;26(4):441–7. 
https://doi.org/10.1080/09540121.2013.841837 PMID: 24093828

	30.	 Nahamya J. HIV prevalence rises in Mbarara. Daily Monitor. 2023.

	31.	 Rogena EA, Simbiri KO, De Falco G, Leoncini L, Ayers L, Nyagol J. A review of the pattern of AIDS 
defining, HIV associated neoplasms and premalignant lesions diagnosed from 2000-2011 at Kenyatta 
National Hospital, Kenya. Infect Agent Cancer. 2015;10:28. https://doi.org/10.1186/s13027-015-0021-1 
PMID: 26306097

	32.	 Msyamboza KP, Dzamalala C, Mdokwe C, Kamiza S, Lemerani M, Dzowela T, et al. Burden of cancer 
in Malawi; common types, incidence and trends: national population-based cancer registry. BMC Res 
Notes. 2012;5:149. https://doi.org/10.1186/1756-0500-5-149 PMID: 22424105

	33.	 Yang J, Su S, Zhao H, Wang D, Wang J, Zhang F, et al. Prevalence and mortality of cancer among 
HIV-infected inpatients in Beijing, China. BMC Infect Dis. 2016;16(1):82. https://doi.org/10.1186/
s12879-016-1416-3 PMID: 26883427

	34.	 Rihana N, Nanjappa S, Sullivan C, Velez AP, Tienchai N, Greene JN. Malignancy Trends 
in HIV-Infected Patients Over the Past 10 Years in a Single-Center Retrospective Observa-
tional Study in the United States. Cancer Control. 2018;25(1):1073274818797955. https://doi.
org/10.1177/1073274818797955 PMID: 30185062

	35.	 Dal Maso L, Polesel J, Serraino D, Lise M, Piselli P, Falcini F, et al., Pattern of cancer risk in per-
sons with AIDS in Italy in the HAART era. Br j cancer. 2009;100(5):840–7. https://doi.org/10.1038/
sj.bjc.6604923 PMID: 19223894

	36.	 Olanrewaju FO, Ajayi LA, Loromeke E, Olanrewaju A, Allo T, Nwannebuife O. Masculinity and men’s 
health-seeking behaviour in Nigerian academia. Cogent Social Sci. 2019;5(1):1682111. https://doi.org/
10.1080/23311886.2019.1682111

	37.	 Kahamba JS, et al. How gender affects adherence to antiretroviral therapy. 2017.

	38.	 Heestermans T, Browne JL, Aitken SC, Vervoort SC, Klipstein-Grobusch K. Determinants of adher-
ence to antiretroviral therapy among HIV-positive adults in sub-Saharan Africa: a systematic review. 
BMJ Glob Health. 2016;1(4):e000125. https://doi.org/10.1136/bmjgh-2016-000125 PMID: 28588979

	39.	 Taylor-Smith K, Tweya H, Harries A, Schoutene E, Jahn A. Gender differences in retention and 
survival on antiretroviral therapy of HIV-1 infected adults in Malawi. Malawi Med J. 2010;22(2):49–56. 
https://doi.org/10.4314/mmj.v22i2.58794 PMID: 21614882

	40.	 Engels EA. Non-AIDS-defining malignancies in HIV-infected persons: etiologic puzzles, epi-
demiologic perils, prevention opportunities. AIDS. 2009;23(8):875–85. https://doi.org/10.1097/
QAD.0b013e328329216a PMID: 19349851

	41.	 Biggar RJ, Kirby KA, Atkinson J, McNeel TS, Engels E, AIDS Cancer Match Study Group. Cancer 
risk in elderly persons with HIV/AIDS. J Acquir Immune Defic Syndr. 2004;36(3):861–8. https://doi.
org/10.1097/00126334-200407010-00014 PMID: 15213571

	42.	 Nguyen ML, Farrell KJ, Gunthel CJ. Non-AIDS-Defining Malignancies in Patients with HIV in the 
HAART Era. Curr Infect Dis Rep. 2010;12(1):46–55. https://doi.org/10.1007/s11908-009-0075-6 PMID: 
21308498

	43.	 Crum-Cianflone N, Hullsiek KH, Marconi V, Weintrob A, Ganesan A, Barthel RV, et al. Trends in the 
incidence of cancers among HIV-infected persons and the impact of antiretroviral therapy: a 20-year 
cohort study. AIDS. 2009;23(1):41–50. https://doi.org/10.1097/QAD.0b013e328317cc2d PMID: 
19050385

	44.	 Stangl AL, Wamai N, Mermin J, Awor AC, Bunnell RE. Trends and predictors of quality of life 
among HIV-infected adults taking highly active antiretroviral therapy in rural Uganda. AIDS Care. 
2007;19(5):626–36. https://doi.org/10.1080/09540120701203915 PMID: 17505923

	45.	 Spacek LA, Shihab HM, Kamya MR, Mwesigire D, Ronald A, Mayanja H, et al. Response to antiretro-
viral therapy in HIV-infected patients attending a public, urban clinic in Kampala, Uganda. Clin Infect 
Dis. 2006;42(2):252–9. https://doi.org/10.1086/499044 PMID: 16355337

https://doi.org/10.1097/COH.0000000000000327
http://www.ncbi.nlm.nih.gov/pubmed/27749369
https://doi.org/10.1002/ijc.33373
https://doi.org/10.1002/ijc.33373
http://www.ncbi.nlm.nih.gov/pubmed/33129228
https://doi.org/10.1080/09540121.2013.841837
http://www.ncbi.nlm.nih.gov/pubmed/24093828
https://doi.org/10.1186/s13027-015-0021-1
http://www.ncbi.nlm.nih.gov/pubmed/26306097
https://doi.org/10.1186/1756-0500-5-149
http://www.ncbi.nlm.nih.gov/pubmed/22424105
https://doi.org/10.1186/s12879-016-1416-3
https://doi.org/10.1186/s12879-016-1416-3
http://www.ncbi.nlm.nih.gov/pubmed/26883427
https://doi.org/10.1177/1073274818797955
https://doi.org/10.1177/1073274818797955
http://www.ncbi.nlm.nih.gov/pubmed/30185062
https://doi.org/10.1038/sj.bjc.6604923
https://doi.org/10.1038/sj.bjc.6604923
http://www.ncbi.nlm.nih.gov/pubmed/19223894
https://doi.org/10.1080/23311886.2019.1682111
https://doi.org/10.1080/23311886.2019.1682111
https://doi.org/10.1136/bmjgh-2016-000125
http://www.ncbi.nlm.nih.gov/pubmed/28588979
https://doi.org/10.4314/mmj.v22i2.58794
http://www.ncbi.nlm.nih.gov/pubmed/21614882
https://doi.org/10.1097/QAD.0b013e328329216a
https://doi.org/10.1097/QAD.0b013e328329216a
http://www.ncbi.nlm.nih.gov/pubmed/19349851
https://doi.org/10.1097/00126334-200407010-00014
https://doi.org/10.1097/00126334-200407010-00014
http://www.ncbi.nlm.nih.gov/pubmed/15213571
https://doi.org/10.1007/s11908-009-0075-6
http://www.ncbi.nlm.nih.gov/pubmed/21308498
https://doi.org/10.1097/QAD.0b013e328317cc2d
http://www.ncbi.nlm.nih.gov/pubmed/19050385
https://doi.org/10.1080/09540120701203915
http://www.ncbi.nlm.nih.gov/pubmed/17505923
https://doi.org/10.1086/499044
http://www.ncbi.nlm.nih.gov/pubmed/16355337


PLOS ONE | https://doi.org/10.1371/journal.pone.0317222  January 27, 2025 13 / 13

PLOS ONE Trends of cancer among HIV patients

	46.	 Deeken JF, Tjen-A-Looi A, Rudek MA, Okuliar C, Young M, Little RF, et al. The rising challenge of 
non-AIDS-defining cancers in HIV-infected patients. Clin Infect Dis. 2012;55(9):1228–35. https://doi.
org/10.1093/cid/cis613 PMID: 22776851

	47.	 Bedimo R. Trends in AIDS-Defining and Non—AIDS-Defining Malignancies among HIV-Infected 
Patients: 1989–2002. Clinical Infectious Diseases. 2004;39(9):1380–4.

	48.	 Frisch M, Biggar RJ, Engels EA, Goedert JJ, AIDS-Cancer Match Registry Study Group. Association 
of cancer with AIDS-related immunosuppression in adults. JAMA. 2001;285(13):1736–45. https://doi.
org/10.1001/jama.285.13.1736 PMID: 11277828

	49.	 Vilchez RA, Finch CJ, Jorgensen JL, Butel JS. The clinical epidemiology of Hodgkin lymphoma in 
HIV-infected patients in the highly active antiretroviral therapy (HAART) era. Medicine (Baltimore). 
2003;82(2):77–81. https://doi.org/10.1097/00005792-200303000-00001 PMID: 12640183

	50.	 Mbulaiteye SM, Biggar RJ, Goedert JJ, Engels EA. Immune deficiency and risk for malig-
nancy among persons with AIDS. J Acquir Immune Defic Syndr. 2003;32(5):527–33. https://doi.
org/10.1097/00126334-200304150-00010 PMID: 12679705

	51.	 Bukenya D, Mayanja BN, Nakamanya S, Muhumuza R, Seeley J. What causes non-adherence 
among some individuals on long term antiretroviral therapy? experiences of individuals with poor 
viral suppression in Uganda. AIDS Res Ther. 2019;16(1):2. https://doi.org/10.1186/s12981-018-0214-y 
PMID: 30665440

	52.	 Makurumidze R, Mutasa-Apollo T, Decroo T, Choto RC, Takarinda KC, Dzangare J, et al. Retention 
and predictors of attrition among patients who started antiretroviral therapy in Zimbabwe’s national 
antiretroviral therapy programme between 2012 and 2015. PLoS One. 2020;15(1):e0222309. https://
doi.org/10.1371/journal.pone.0222309 PMID: 31910445

	53.	 Hernandez-Vargas EA, Middleton RH. Modeling the three stages in HIV infection. J Theor Biol. 
2013;320:33–40. https://doi.org/10.1016/j.jtbi.2012.11.028 PMID: 23238280

https://doi.org/10.1093/cid/cis613
https://doi.org/10.1093/cid/cis613
http://www.ncbi.nlm.nih.gov/pubmed/22776851
https://doi.org/10.1001/jama.285.13.1736
https://doi.org/10.1001/jama.285.13.1736
http://www.ncbi.nlm.nih.gov/pubmed/11277828
https://doi.org/10.1097/00005792-200303000-00001
http://www.ncbi.nlm.nih.gov/pubmed/12640183
https://doi.org/10.1097/00126334-200304150-00010
https://doi.org/10.1097/00126334-200304150-00010
http://www.ncbi.nlm.nih.gov/pubmed/12679705
https://doi.org/10.1186/s12981-018-0214-y
http://www.ncbi.nlm.nih.gov/pubmed/30665440
https://doi.org/10.1371/journal.pone.0222309
https://doi.org/10.1371/journal.pone.0222309
http://www.ncbi.nlm.nih.gov/pubmed/31910445
https://doi.org/10.1016/j.jtbi.2012.11.028
http://www.ncbi.nlm.nih.gov/pubmed/23238280

