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Abbreviations: 

95%CI 95% confidence interval 

aHR  adjusted hazard ratio 

AIC Akaike information criterion 

AIDS acquired immune deficiency syndrome 

AUC area under the curve 

BMI body mass index 

cART  combination antiretroviral therapy 

DLBCL Diffuse large B cell lymphoma 

EBV Epstein-Barr virus 

HIV human immunodeficiency virus 

HIV-VL HIV-viral-load 

HL Hodgkin lymphoma 

HR hazard ration 

NHL non-Hodgkin lymphoma 

PBCNSL primary brain lymphoma 

PLWH people living with HIV 

PYFU person years of follow-up 
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Abstract 

Background 

Non-Hodgkin (NHL) and Hodgkin lymphomas (HL) are increased in populations with immune 

dysfunction including people living with HIV, however, there is little evidence for to what degree 

immunological and virological factors differently affect NHL and HL risk.   

Methods 

Data from the D:A:D cohort was analysed to identify independent risk factors for NHL and HL 

using hazard ratios (HR), focusing on current and cumulative area under the curve [AUC] measures of 

immunological and virological status. Variables with different associations with NHL and HL were 

identified using marginal cox models. All statistical tests were two sided. 

Results 
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Among 41,420 people followed for 337,020 person-years, 392 developed NHL (incidence rate 

1.7/1000 person-years 95%CI: 1.06, 1.30) and 149 HL (0.44/1000 PYFU 95%CI: 0.38, 0.52). Higher risk 

of both NHL and HL was associated with lower current CD4-cell count, whereas higher current HIV-

viral-load (HIV-VL) and higher AUC of HIV-VL was associated with NHL only. Both current and AUC of 

HIV-VL were factors which had different associations with NHL and HL, where the hazard ratio for NHL 

was progressively higher than for HL with increasing HIV-VL category. Lower current CD4-cell had a 

strongly but similar association with both NHL and HL.  

Conclusion 

CD4 depletion increased risk of both types of lymphomas while current and accumulated HIV-

VL was associated with NHL only. This suggests that NHL development is related to both CD4-cell 

depletion and added immune dysfunction derived from ongoing HIV replication. This latter factor was 

not associated with HL risk.  

Introduction 

Use of combination antiretroviral treatment (cART) in the people living with HIV (PLWH) has 

led to a decline in the incidence of non-Hodgkin lymphoma (with the exception of Burkitt lymphoma 

[BL]) but not Hodgkin lymphoma (HL)[1-10]. Recent estimates indicate that the incidence of NHL and 

HL remain elevated in PLWH compared to the general population, with NHL incidence estimated to be 

around 10-fold higher [11-13] and HL incidence estimated to be around 11-fold higher [9, 12].  

 

In PLWH, the pathogenesis of NHL and HL is thought to be driven by a combination of latent 

infection with Epstein-Barr virus (EBV) and HIV-associated immune suppression and dysfunction [14-

16]. The interaction between HIV-infection, immune suppression and dysfunction and EBV co-

infection is thought to differ between NHL and HL, as well as between NHL subtypes [17]. For example, 

approximately half of BL occur at relatively preserved CD4-cell counts and are not EBV-related [18].  
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Primary brain lymphomas (PBCNSL) often occur at very low CD4 levels, however, a lack EBV-specific 

CD4 T-cell function has been shown in PLWH people prior to PBCNSL development irrespective of 

absolute CD4-cell counts [19].  Almost all HL is EBV-related in PLWH and although HL is associated with 

low CD4-cell counts [8, 18, 20, 21], it is not as strong as for PBCNSL or diffuse large B-cell lymphomas. 

 

Several prior studies have suggested that the risk factors and strengths of associations differ 

for NHL and HL in the context of PLWH [22-29]. For example, older age has been linked to NHL, 

however, several studies have reported no association between HL incidence and age in PLWH [20, 

30-34]. Many studies have identified an association between lower current CD4-cell count and both 

NHL and HL incidence [5, 20, 31, 35-39]. However both current and cumulative HIV-VL have been 

linked with NHL incidence, independently of CD4 [34, 40], an association not usually reported for HL 

[37]. The START study demonstrated that immediate cART significantly reduced the risk of infection-

related cancer, independently of CD4 and HIV-VL, suggesting that HIV-associated cancer risk is 

mediated through other mechanisms such as immune activation and reduced immune surveillance, 

above and beyond the depletion of CD4-cell counts [41].  

 

Although there are many studies investigating incidence of NHL and HL since the introduction 

of cART and associated risk factors, to our knowledge no studies have directly compared the risk 

factors. Therefore, we aimed to identify independent risk factors of NHL and HL and to identify factors 

that differently affect NHL and HL risk in order to develop the understanding of different mechanistic 

pathways, which may then suggest different preventive approaches for reducing NHL and HL risk. 
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Methods 

The Data Collection on Adverse events of Anti-HIV Drugs Study (D:A:D) is a prospective cohort 

collaboration established in 1999; the dataset includes more than 49000 HIV-1-positive people in 

Europe, the USA, and Australia. The D:A:D Study has been described in detail previously [42]. Data for 

routine clinical care, including demographic factors, HIV treatment, laboratory values, and AIDS-

defining events (including NHL[43]) are collected at enrolment and annually thereafter. Non-AIDS 

defining cancers, such as HL, have been routinely collected and validated since 1 January 2004. 

Detailed information on all Non-AIDS-defining cancers is collected via designated case report forms, 

including date of diagnosis, type/location of cancer, stage and histology/cytology report or other 

applied diagnostic methods, such as imaging and biochemical assays, and are supplemented by 

submitted source documentation supporting the way of diagnosis. NHL is further characterized by 

histological type (BL, Diffuse-large-B-cell-lymphomas [DLBCL], PBCNSL and other or unknown). All 

events are centrally validated at the D:A:D coordinating center by a medical doctor, with a proportion 

of complicated cases selected to be reviewed by an external oncologist. Events are regularly 

monitored for accuracy, with random monitoring at participating sites to ensure complete case 

ascertainment. All participating cohorts followed local national guidelines or regulations regarding 

patient consent and ethical review. In particular, of the countries represented by the participating 

cohorts, only Switzerland and Australia require specific ethical approval for D:A:D in addition to that 

required for their national cohorts (Swiss HIV Cohort Study and the Australian HIV Observational 

Database), both of which have obtained this approval. 

 

We investigated the association between immunological and virological factors and two main 

outcomes: (1) first diagnosis of NHL, and (2) first diagnosis of HL during follow-up. Baseline was defined 

as the latest of date of study entry, first reported CD4-cell count, or 1st January 2004, and people were 
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followed from baseline until the earliest of NHL or HL diagnosis, last visit plus 6 months, death, or 1st 

February 2015.  

 

We investigated the associations between nadir and current CD4-cell count, and current and 

area under the curve(AUC) of HIV-VL and each outcome. The AUC of HIV-VL refers to the area under 

each individuals viralload curve[44] and was calculated using all HIV-VL measures since entry into 

D:A:D. Formally, it can be interpreted as the total number of copies/mL of HIV-RNA accumulated over 

time. For example, an AUC of HIV-VL of 10,000 copies/mL-year is equal to having a HIV-VL of 10,000 

copies/mL for 1 year or a HIV-VL of 1,000 copies/mL for 10 years. Due to the high correlation between 

nadir and current CD4, only one measure was included in the analysis according to the lowest Akaike 

information criterion(AIC) for both NHL and HL. Current and AUC of HIV-VL were not strongly 

correlated and therefore both were included in the same model. 

 

Incidence rates  of NHL and HL were calculated by calendar year of follow-up. Separate Cox 

regression models were used to identify factors associated with NHL and HL, focussing on current and 

nadir CD4, and current and AUC of HIV-VL. Models were adjusted for baseline factors (gender, HIV 

transmission-mode, ethnicity, calendar year of baseline) and current factors (age, body mass index 

[BMI], smoking status, hepatitis-B and C coinfection, prior AIDS-defining cancer [excluding NHL], AIDS-

defining diagnosis [excluding cancer], hypertension [diastolic blood pressure >90 mmHg, systolic 

blood pressure > 140 mmHg, receiving antihypertensive medication or ACE inhibitors], cardiovascular 

disease, diabetes [as validated event or use of anti-diabetic medication], and cumulative time on cART 

[defined as being on ≥1 protease inhibitor or non-nucleoside reverse transcriptase inhibitor). 

Immunological and virological risk factors for NHL subtypes were also investigated in those with NHL 

subtype reported(33.6%). 
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The Wei, Lin, and Weissfeld method, based on marginal cox models[45] was used to identify 

factors that differently affected NHL and HL risk. The models were used to jointly calculate and 

compare adjusted hazard ratios(aHR) for NHL and HL for all current and historical measures of HIV-VL 

and CD4-cell count(separately), adjusting for variables listed previously. In order to fit a more 

parsimonious model, variables not associated with either NHL or HL incidence were assumed to have 

a similar association for both NHL and HL. The remaining variables were allowed to vary according to 

outcome. The marginal cox models differed to those used to identify independent risk factors  with 

minor differences in adjustments(fixed and outcome specific variables) which give slightly different 

estimates. The ratio of the adjusted HRs(RHR) was used to identify factors with different risk profiles 

for NHL and HL, which we have termed “differential factors”. Variables for which the 95% confidence-

interval(95%CI) for the RHR cross 1 indicates a similar association between the risk factor and both HL 

and NHL.  

 

All statistical tests were two sided.All statistical analyses were performed using SAS 9.4 

(Statistical Analysis Software, Cary NC, USA). 

 

Results 

There were 41,420 people included in the analysis contributing 337,020 PYFU with a median 

follow-up of 9.2 (Interquartile range [IQR]: 6.3,1.1) years per person. A total of 392 people developed 

NHL (incidence rate [IR] 1.17/1000 PYFU, 95%CI: 1.06,1.30) and 149 developed HL (IR 0.44/1000 PYFU 

95%CI: 0.38,0.52) during follow-up. 
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Baseline characteristics 

Baseline characteristics of the study population, as well as those who developed NHL or HL 

during follow-up are shown in table 1. Overall, 17.4% were aged ≥ 50 years at baseline, 72.9% were of 

male gender and 43.8% acquired their HIV through sex between men. 49.9% were of white ethnicity 

and 40.9% had unknown ethnicity. Just over half were on cART(51.8%) at baseline, with a median cART 

duration of 1.1(IQR: 0.0,4.9) years. The median CD4-cell count was 431(IQR: 280,620) cells/mm3 and 

the median HIV-VL was 260(IQR: <50, 20,400) copies/mL. 

 

Crude Incidence rates over time 

The crude incidence of NHL and HL by calendar year is shown in figure 1. The crude incidence 

of NHL declined by 13.3% per year (95%CI: 10.3,16.2%) from an incidence rate of 1.96(95%CI: 

1.48,2.58) events/1000 PYFU in 2004 to 0.32(95%CI: 0.17,0.62) in 2014/15. In 2014/15, the incidence 

of NHL was similar to HL (HL: 0.36 95%CI: 0.19,0.66), however HL incidence was stable over time 

(change per year: -2.7%, 95%CI: -7.7,2.6%). 

 

Independent risk factors for NHL and HL 

Current and nadir CD4-cell counts were considered for inclusion in the main analysis. Both 

associated with NHL in adjusted analyses, whereas only current CD4 was associated with HL. A 2-fold 

higher (i.e. doubling of) current CD4 count was associated with a 19% reduced risk of NHL(95%CI: 15, 

23%) and a 14% reduced risk of HL(95%CI: 7,21%), whereas a 2-fold higher nadir CD4 count was 

associated with a 12% reduced risk of NHL(95%CI: 7,17%) but not HL (aHR: 0.96 95%CI: 0.87,1.05). 

However, current CD4 was the strongest immune marker for both NHL and HL, and so was the only 

immunological marker included in multivariate models (provided the best statistical fit, measured as 

by the AIC). 
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Independent risk factors of NHL and HL from a multivariate model are shown in table 2. For 

example, a higher rate of NHL was strongly associated with lower current CD4-cell count category 

(CD4 <100 VS > 599 cells/mm3 aHR 8.08 95%CI: 5.63, 11.61), higher current HIV-VL (HIV-VL> 1000 VS 

<50 copies/mL aHR: 1.97 95%CI: 1.50,2.59) and higher AUC of HIV-VL (highest vs lowest quintile aHR: 

2.91 95%CI: 1.92,4.41). Higher rates of NHL were also observed in older people and males. A higher 

rate of HL was also associated with lower current CD4-cell count category, however no association 

was found for current or AUC of HIV-VL. Current smokers had almost a 2-fold higher rate of HL 

compared to non-smokers. No association was found for HCV or HBV status with either NHL or HL. 

Rates of both NHL and HL reduced with longer time on cART.  

 

Differences in risk factors for NHL and HL 

Factors that were associated with either NHL or HL in table 2 were jointly modelled to identify 

factors that were differently associated with NHL and HL (differential factors). Current HIV-VL was a 

differential factor, as demonstrated by the increase in ratio of the aHRs with higher HIV-VL category 

(figure 2). For example, the RHRs were 2.52(95%CI: 1.32, 4.81) and 4.57(95%CI: 2.20, 9.50) in those 

with current HIV-VL 50 – 1000 copies/mL and >1000 copies/mL relative to <50 copies/mL respectively, 

indicating a progressively stronger association with NHL than for HL with higher current HIV-VL. A 

similar result was found for the AUC of HIV-VL, which was also a differential factor. Current CD4 was 

not a differential factor as the 95%CI of the ratio of the aHRs for each CD4-cell count category relative 

to CD4 200-299 cells/mm3 contained 1, indicating no evidence that lower CD4-cell count was 

differently associated with NHL and HL. Age was a differential risk factor as the ratio of the aHRs of 

people aged >60 relative to those aged 30-39 was more than 3(95%CI: 1.43,6.55), indicating a relative 

increase in rates of NHL than for HL for people in this older age group.  Finally, smoking status was a 

differential factor, as the ratio of the aHRs for current smokers relative to never smokers was 0.49 
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(95%CI: 0.28,0.83), indicating a significantly higher relative increase in risk for HL in this group. No 

other factors investigated were differential factors.  

NHL subtypes  

Of the 392 NHL, 42 were BL(10.7%), 25 were PBCNSL (6.4%), 65 were DLBCL(16.6%), and 260 

were unknown(66.3%). People with known and unknown NHL subtype had similar characteristics at 

diagnosis. Slightly more people with known subtype reported being on protease inhibitors (known 

subtype: 46.2% vs unknown subtype: 38.6%, P=0.05), and slightly less had a previous cancer diagnosis 

(3.1% vs 10.6%, P=0.02). Associations between immunological and virological risk factors for each 

subtype (in those with a subtype recorded) are shown in table 3. For example, lower risk of PBCNSL 

was associated with higher current and nadir CD4-cell count (aHR for 2-fold higher: 0.59 95%CI: 0.51, 

0.70 and 0.68 95%CI: 0.58,0.80 respectively) and lower AUC of HIV-VL (aHR for 10-fold higher: 2.21 

95%CI: 1.22,4.00), but not current HIV-VL. Lower DLBCL NHL risk was associated with higher current 

and nadir CD4 and lower current and AUC of HIV-VL. Lower BL risk was associated with higher current 

and AUC of HIV-VL but not immunological markers. Nadir CD4-cell count was not associated with 

PBCNSL, DLBCL lymphoma or BL after additional adjustment for current CD4-cell count. 

 

Discussion 

This study is the first to attempt to identify differences in the underlying pathology of NHL and 

HL in PLWH by directly comparing the immunological and virological risk factors for each and 

identifying differences. Higher current and cumulative exposure to HIV-VL were stronger risk factors 

for NHL than HL. Although current CD4 was a strong predictor of both, there was no evidence of a 

different association between with NHL and HL. In this study, the crude incidence of NHL declined 

steadily over time while HL incidence remained stable. The trends over time are not surprising and 

have been reported before [1-10], however, our study is one of the first to show that incidence of NHL 

and HL is similar in PLWH in recent years.  This highlights a shift away from the cancers with a strong 
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link with immune deficiency and the need for a better understanding of how generalised immune 

dysfunction (beyond low CD4-cell counts) can facilitate lymphoma development.  

 

The risk of NHL and HL differed according to current and accumulated HIV-VL, but not current 

CD4-cell count. Our results indicate a similar pathological requirement of immunodeficiency for both 

NHL and HL development, however, an important distinction is the involvement of HIV-VL in NHL but 

not HL development. This indicates that HIV-infection may contribute to lymphomagenesis of NHL 

through additional immune dysfunction not captured by supressed CD4 [46], possibly though  reduced 

immune surveillance for proteins expressed by cells infected with latent EBV, immune activation, 

and/or CD8-dysfunction leading to depleted response from EBV-specific CD8 cytotoxic cells [14-16, 

19, 47, 48]. Some studies have found that levels of circulating free light chains have predictive value 

of NHL in PLWH, which supports the involvement of immune activation [49, 50]. In addition, the ratio 

and percentage of CD8-cells has been shown to be predictive of HL [30] and may also be predictive of 

EBV-associated NHL [19, 51]. Alternatively, HIV may play a more direct role in lymphomagenesis [46, 

52], with HIV-derived p17 secreted within lymphoid tissues, possibly promoting lymphoma 

development by inducing changes to the microenvironment[52]. Furthermore, the CD4-independent 

effect of HIV-VL was significant and consistent across the known sub-types studied. This was surprising 

in the case of BL, which has little association with CD4[53]. 

 

Smoking status had a different association with HL and NHL, where risk of HL was elevated in 

current smokers. Research in the general population has indicated that smoking may play an 

etiological role in HL, particularly EBV-positive [54, 55]. Almost all HL in PLWH is EBV-related, 

therefore, smoking presents as one of the few modifiable risk factors for this cancer and emphasises 

the importance of smoking cessation strategies in PLWH. Age had a different association with NHL and 
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HL, where people aged over 50 years had a higher relative increase in the rate of NHL than for HL, 

which is consistent with previous studies[14, 20, 30, 32, 33, 56]. This may reflect increases in immune 

activation and inflammation associated with aging and further supports the hypothesis that immune 

dysfunction beyond low CD4 is involved in the pathology[57]. The lack of association between either 

HCV or HBV status and NHL or HL is in contrast to results from the COHERE study, which found a 

significant association between both HCV and HBV and NHL risk in treated patients[58], and two meta 

analyses[59, 60]. Although other studies have failed to show a convincing association [20, 61, 62].  

 

This study has many advantages. The D:A:D study contains follow up on over 40,000 people 

and allows for the analysis of a relatively large number of prospectively collected and validated NHL 

and HL events. Furthermore, the D:A:D data contains highly detailed demographic, HIV and health 

related factors collected over a long follow-up period. However, the limitations need to be considered. 

There were several known risk factors for NHL and HL that are not collected in D:A:D, for example, 

autoimmune disorders and family history. Furthermore, NHL subtype is only reported by a subset of 

cohorts in D:A:D, and as a result it was missing on 66% of people, however, the characteristics of those 

with and without subtype information were similar. D:A:D does not collect additional markers of 

immune suppression or dysfunction, or EBV-viral-load. And finally, this is an observational study and 

it is possible that confounding due to unmeasured or unknown factors remain and the causality of the 

associations presented here cannot be determined.  It should also be kept in mind that NHL is treated 

as a single entity the main analysis, however, there is considerable heterogeneity in aetiology between 

NHL subtypes [63].  Several studies from the COHERE collaboration have been referenced, however, 

these studies are in naïve patients, of which the proportion in D:A:D is very low resulting in minimal 

overlap between the two studies. 
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In conclusion, whereas CD4 depletion similarly increased risk of both types of lymphomas, 

current and accumulated HIV-VL was more predictive of NHL than HL. This suggests that NHL 

development is related to both CD4-cell depletion and added immune dysfunction derived from 

ongoing HIV replication. This latter factor was not associated with HL risk. These findings stress the 

importance of early HIV diagnosis and treatment, and of ensuring sustained viral suppression.  

 

Funding 

The D:A:D study was supported by the Highly Active Antiretroviral Therapy Oversight 

Committee (HAARTOC), a collaborative committee with representation from academic institutions, 

the European Agency for the Evaluation of Medicinal Products, the United States Food and Drug 

Administration, the patient community, and pharmaceutical companies with licensed anti-HIV drugs 

in the European Union: AbbVie, Bristol-Myers Squibb, Gilead Sciences Inc., ViiV Healthcare,  Merck & 

Co Inc. and Janssen Pharmaceuticals. Supported also by a grant [grant number DNRF126] from the 

Danish National Research Foundation (CHIP & PERSIMUNE); by a grant from the Dutch Ministry of 

Health, Welfare and Sport through the Center for Infectious Disease Control of the National Institute 

for Public Health and the Environment to Stiching HIV Monitoring (ATHENA); by a grant from the 

Agence nationale de recherches sur le sida et les hépatites virales [ANRS, Action Coordonnée no.7, 

Cohortes] to the Aquitaine Cohort; The Australian HIV Observational Database (AHOD) is funded as 

part of the Asia Pacific HIV Observational Database, a program of The Foundation for AIDS Research, 

amfAR, and is supported in part by a grant from the U.S. National Institutes of Health’s National 

Institute of Allergy and Infectious Diseases (NIAID) [grant number U01-AI069907] and by unconditional 

grants from  Merck Sharp & Dohme; Gilead Sciences; Bristol-Myers Squibb; Boehringer Ingelheim; 

Janssen-Cilag; ViiV Healthcare. The Kirby Institute is funded by The Australian Government 

Department of Health and Ageing, and is affiliated with the Faculty of Medicine, The University of New 

South Wales; by grants from the Fondo de Investigación Sanitaria [grant number FIS 99/0887] and 



15 
 

Fundación para la Investigación y la Prevención del SIDA en Espanã [grant number FIPSE 3171/00], to 

the Barcelona Antiretroviral Surveillance Study (BASS); by the National Institute of Allergy and 

Infectious Diseases, National Institutes of Health [grants number 5U01AI042170-10, 5U01AI046362-

03], to the Terry Beirn Community Programs for Clinical Research on AIDS (CPCRA);  by primary funding 

provided by the European Union’s Seventh Framework Programme for research, technological 

development and demonstration under EuroCoord grant agreement n˚ 260694 and unrestricted 

grants by Bristol-Myers Squibb, Janssen R&D, Merck and Co. Inc., Pfizer Inc., GlaxoSmithKline LLC, (the 

participation of centres from Switzerland is supported by The Swiss National Science Foundation 

(Grant 108787)) to the EuroSIDA study; by unrestricted educational grants of AbbVie, Bristol-Myers 

Squibb, Gilead Sciences, GlaxoSmithKline, Pfizer, Janssen Pharmaceuticals to the Italian Cohort Naive 

to Antiretrovirals (The ICONA Foundation); and financed within the framework of the Swiss HIV Cohort 

Study, supported by the Swiss National Science Foundation (grant #148522) and by the SHCS research 

foundation. 

 

Acknowledgements 

The content of this report is solely the responsibility of the authors and does not necessarily 

represent the official views of the funders of the D:A:D study. The D:A:D study was supported by the 

Highly Active Antiretroviral Therapy Oversight Committee, the European Agency for the Evaluation of 

Medicinal Products, the US Food and Drug Administration, the patient community, and the following 

pharmaceutical companies with licensed anti-HIV drugs in the European Union: AbbVie, Bristol-Myers 

Squibb, Gilead Sciences Inc, ViiV Healthcare, Merck & Co Inc, and Janssen Pharmaceuticals.

References 

1. Patel P, Hanson DL, Sullivan PS, et al. Incidence of Types of Cancer among HIV-Infected Persons 
Compared with the General Population in the United States, 1992–2003. Annals of Internal Medicine 
2008;148(10):728-736. 



16 
 

2. Engels EA, Pfeiffer RM, Goedert JJ, et al. Trends in cancer risk among people with AIDS in the 
United States 1980–2002. AIDS 2006;20(12):1645-1654. 
3. Grulich AE, Li Y, McDonald AM, et al. Decreasing rates of Kaposi's sarcoma and non-Hodgkin's 
lymphoma in the era of potent combination anti-retroviral therapy. AIDS 2001;15(5):629-33. 
4. Kirk O, Pedersen C, Cozzi-Lepri A, et al. Non-Hodgkin lymphoma in HIV-infected patients in the 
era of highly active antiretroviral therapy. Blood 2001;98(12):3406-3412. 
5. Biggar RJ, Chaturvedi AK, Goedert JJ, et al. AIDS-related cancer and severity of 
immunosuppression in persons with AIDS. J Natl Cancer Inst 2007;99(12):962-72. 
6. Clifford GM, Polesel J, Rickenbach M, et al. Cancer Risk in the Swiss HIV Cohort Study: 
Associations With Immunodeficiency, Smoking, and Highly Active Antiretroviral Therapy. Journal of 
the National Cancer Institute 2005;97(6):425-432. 
7. Spano JP, Atlan D, Breau JL, et al. AIDS and non-AIDS-related malignancies: a new vexing 
challenge in HIV-positive patients. Part I: Kaposi's sarcoma, non-Hodgkin's lymphoma, and Hodgkin's 
lymphoma. European journal of internal medicine 2002;13(3):170-179. 
8. Silverberg MJ, Chao C, Leyden WA, et al. HIV Infection, Immunodeficiency, Viral Replication, 
and the Risk of Cancer. Cancer Epidemiology Biomarkers & Prevention 2011;20(12):2551-2559. 
9. Grulich AE, van Leeuwen MT, Falster MO, et al. Incidence of cancers in people with HIV/AIDS 
compared with immunosuppressed transplant recipients: a meta-analysis. The Lancet 
2007;370(9581):59-67. 
10. Howlader N, Shiels MS, Mariotto AB, et al. Contributions of HIV to Non-Hodgkin Lymphoma 
Mortality Trends in the United States. Cancer Epidemiology Biomarkers &amp; Prevention 
2016;25(9):1289-1296. 
11. Grulich AE, Vajdic CM. The Epidemiology of Cancers in Human Immunodeficiency Virus 
Infection and After Organ Transplantation. Seminars in Oncology 2015;42(2):247-257. 
12. Robbins HA, Shiels MS, Pfeiffer RM, et al. Epidemiologic contributions to recent cancer trends 
among HIV-infected people in the United States. AIDS 2014;28(6):881-890. 
13. Van Leeuwen MT, Vajdic, C. M., Middleton, M. G., McDonald, A. M., Law, M., Kaldor, J. M., & 
Grulich, A. E. . Continuing declines in some but not all HIV-associated cancers in Australia after 
widespread use of antiretroviral therapy. AIDS 2009;23(16):2183–2190. 
14. Engels EA, Pfeiffer RM, Landgren O, et al. Immunologic and virologic predictors of AIDS-related 
non-hodgkin lymphoma in the highly active antiretroviral therapy era. J Acquir Immune Defic Syndr 
2010;54(1):78-84. 
15. Ekstrom-Smedby K. Epidemiology and etiology of non-Hodgkin lymphoma--a review. Acta 
Oncol 2006;45(3):258-71. 
16. Epeldegui M, Vendrame E, Martínez-Maza O. HIV-associated immune dysfunction and viral 
infection: role in the pathogenesis of AIDS-related lymphoma. Immunologic research 2010;48(1):72-
83. 
17. Cesarman E. Pathology of lymphoma in HIV. Current opinion in oncology 2013;25(5):487-494. 
18. Bibas M, Antinori A. EBV and HIV-Related Lymphoma. Mediterranean Journal of Hematology 
and Infectious Diseases 2009;1(2):e2009032. 
19. Gasser O, Bihl FK, Wolbers M, et al. HIV Patients Developing Primary CNS Lymphoma Lack EBV-
Specific CD4+ T Cell Function Irrespective of Absolute CD4+ T Cell Counts. PLOS Medicine 
2007;4(3):e96. 
20. Guiguet M, Boue F, Cadranel J, et al. Effect of immunodeficiency, HIV viral load, and 
antiretroviral therapy on the risk of individual malignancies (FHDH-ANRS CO4): a prospective cohort 
study. Lancet Oncology 2009;10(12):1152-1159. 
21. Reekie J, Kosa C, Engsig F, et al. Relationship between current level of immunodeficiency and 
non-acquired immunodeficiency syndrome-defining malignancies. Cancer 2010;116(22):5306-5315. 
22. Herndier BG, Sanchez HC, Chang KL, et al. High prevalence of Epstein-Barr virus in the Reed-
Sternberg cells of HIV-associated Hodgkin's disease. American Journal of Pathology 1993;142(4):1073-
9. 



17 
 

23. Ambinder RF. Epstein–Barr virus associated lymphoproliferations in the AIDS setting. 
European Journal of Cancer 2001;37(10):1209-1216. 
24. Carbone A, Cesarman E, Spina M, et al. HIV-associated lymphomas and gamma-herpesviruses. 
Blood 2009;113(6):1213-1224. 
25. Bouvard V, Baan R, Straif K, et al. A review of human carcinogens—Part B: biological agents. 
The Lancet Oncology 2009;10(4):321-322. 
26. Grogg KL, Miller RF, Dogan A. HIV infection and lymphoma. Journal of Clinical Pathology 
2007;60(12):1365-1372. 
27. Tirelli U, Errante D, Dolcetti R, et al. Hodgkin's disease and human immunodeficiency virus 
infection: clinicopathologic and virologic features of 114 patients from the Italian Cooperative Group 
on AIDS and Tumors. Journal of Clinical Oncology 1995;13(7):1758-67. 
28. Carbone A, Gloghini A, Larocca LM, et al. Human immunodeficiency virus-associated Hodgkin's 
disease derives from post-germinal center B cells. Blood 1999;93(7):2319-26. 
29. Siebert JD, Ambinder RF, Napoli VM, et al. Human immunodeficiency virus-associated 
Hodgkin's disease contains latent, not replicative, Epstein-Barr virus. Human Pathology 
1995;26(11):1191-5. 
30. Clifford GM, Rickenbach M, Lise M, et al. Hodgkin lymphoma in the Swiss HIV Cohort Study. 
Blood 2009;113(23):5737-42. 
31. Bohlius J, Schmidlin K, Costagliola D, et al. Incidence and risk factors of HIV-related non-
Hodgkin's lymphoma in the era of combination antiretroviral therapy: a European multicohort study. 
Antivir Ther 2009;14(8):1065-74. 
32. Polesel J, Clifford GM, Rickenbach M, et al. Non-Hodgkin lymphoma incidence in the Swiss HIV 
Cohort Study before and after highly active antiretroviral therapy. AIDS 2008;22(2):301-306. 
33. Bower M, Fisher M, Hill T, et al. CD4 counts and the risk of systemic non-Hodgkin’s lymphoma 
in individuals with HIV in the UK. Haematologica 2009;94(6):875-880. 
34. Zoufaly A, Stellbrink HJ, Heiden MA, et al. Cumulative HIV viremia during highly active 
antiretroviral therapy is a strong predictor of AIDS-related lymphoma. J Infect Dis 2009;200(1):79-87. 
35. Bohlius J, Schmidlin K, Boué F, et al. HIV-1-related Hodgkin lymphoma in the era of 
combination antiretroviral therapy: incidence and evolution of CD4(+) T-cell lymphocytes. Blood 
2011;117(23):6100-6108. 
36. Bonnet F, Balestre E, Thiébaut R, et al. Factors Associated with the Occurrence of AIDS-Related 
Non-Hodgkin Lymphoma in the Era of Highly Active Antiretroviral Therapy: Aquitaine Cohort, France. 
Clinical Infectious Diseases 2006;42(3):411-417. 
37. Bruyand M, Thiebaut R, Lawson-Ayayi S, 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. 
Clinical infectious diseases 2009;49(7):1109-1116. 
38. Ambinder RF. Epstein-barr virus and hodgkin lymphoma. Hematology Am Soc Hematol Educ 
Program 2007; 10.1182/asheducation-2007.1.204:204-9. 
39. Biggar RJ, Jaffe ES, Goedert JJ, et al. Hodgkin lymphoma and immunodeficiency in persons 
with HIV/AIDS. Blood 2006;108(12):3786-3791. 
40. Achenbach CJ, Buchanan AL, Cole SR, et al. HIV viremia and incidence of non-Hodgkin 
lymphoma in patients successfully treated with antiretroviral therapy. Clin Infect Dis 
2014;58(11):1599-606. 
41. Insight Start Study Group, Lundgren JD, Babiker AG, et al. Initiation of Antiretroviral Therapy 
in Early Asymptomatic HIV Infection. New England Journal of Medicine 2015;373(9):795-807. 
42. Friis-Moller N, Weber R, Reiss P, et al. Cardiovascular disease risk factors in HIV patients--
association with antiretroviral therapy. Results from the DAD study. AIDS 2003;17(8):1179-93. 
43. Centers for Disease Control and Prevention. 1993 revised classification system for HIV 
infection and expanded surveillance case definition for AIDS among adolescents and adults. MMWR 
Recomm Rep 1992;18(41(RR-17)):1-19. 



18 
 

44. Cole SR, Napravnik S, Mugavero MJ, et al. Copy-years viremia as a measure of cumulative 
human immunodeficiency virus viral burden. Am J Epidemiol 2010;171(2):198-205. 
45. Wei LJ, Lin, D. Y., and Weissfeld, L. Regression Analysis of Multivariate Incomplete Failure Time 
Data by Modeling Marginal Distribution. Journal of the American Statistical Association 1989;84: 
1065–1073. 
46. Dolcetti R, Gloghini A, Caruso A, et al. A lymphomagenic role for HIV beyond immune 
suppression? Blood 2016;127(11):1403-1409. 
47. Pietersma F, Piriou E, van Baarle D. Immune surveillance of EBV-infected B cells and the 
development of non-Hodgkin lymphomas in immunocompromised patients. Leuk Lymphoma 
2008;49(6):1028-41. 
48. Arvey A, Ojesina AI, Pedamallu CS, et al. The tumor virus landscape of AIDS-related 
lymphomas. Blood 2015;125(20):e14-22. 
49. Landgren O, Goedert JJ, Rabkin CS, et al. Circulating Serum Free Light Chains As Predictive 
Markers of AIDS-Related Lymphoma. Journal of Clinical Oncology 2010;28(5):773-779. 
50. Bibas M, Trotta MP, Cozzi-Lepri A, et al. Role of serum free light chains in predicting HIV-
associated non-Hodgkin lymphoma and Hodgkin's lymphoma and its correlation with antiretroviral 
therapy. Am J Hematol 2012;87(8):749-53. 
51. Piriou E, van Dort K, Nanlohy NM, et al. Loss of EBNA1-specific memory CD4+ and CD8+ T cells 
in HIV-infected patients progressing to AIDS-related non-Hodgkin lymphoma. Blood 
2005;106(9):3166-74. 
52. Dolcetti R, Giagulli C, He W, et al. Role of HIV-1 matrix protein p17 variants in lymphoma 
pathogenesis. Proceedings of the National Academy of Sciences of the United States of America 
2015;112(46):14331-14336. 
53. Mbulaiteye SM, Biggar RJ, Goedert JJ, et al. Immune deficiency and risk for malignancy among 
persons with AIDS. J Acquir Immune Defic Syndr 2003;32(5):527-33. 
54. Besson H, Brennan P, Becker N, et al. Tobacco smoking, alcohol drinking and Hodgkin's 
lymphoma: a European multi-centre case-control study (EPILYMPH). Br J Cancer 2006;95(3):378-384. 
55. Kamper-Jørgensen M, Rostgaard K, Glaser SL, et al. Cigarette smoking and risk of Hodgkin 
lymphoma and its subtypes: a pooled analysis from the International Lymphoma Epidemiology 
Consortium (InterLymph). Annals of Oncology 2013; 10.1093/annonc/mdt218. 
56. Matthews GV, Bower M, Mandalia S, et al. Changes in acquired immunodeficiency syndrome–
related lymphoma since the introduction of highly active antiretroviral therapy. Blood 
2000;96(8):2730-2734. 
57. Appay V, Kelleher AD. Immune activation and immune aging in HIV infection. Curr Opin HIV 
AIDS 2016;11(2):242-9. 
58. Wang Q, De Luca A, Smith C, et al. Chronic hepatitis B and C virus infection and risk for non-
hodgkin lymphoma in hiv-infected patients: A cohort study. Annals of Internal Medicine 
2017;166(1):9-17. 
59. Matsuo K, Kusano A, Sugumar A, et al. Effect of hepatitis C virus infection on the risk of non-
Hodgkin's lymphoma: a meta-analysis of epidemiological studies. Cancer Sci 2004;95(9):745-52. 
60. Dal Maso L, Franceschi S. Hepatitis C virus and risk of lymphoma and other lymphoid 
neoplasms: a meta-analysis of epidemiologic studies. Cancer Epidemiol Biomarkers Prev 
2006;15(11):2078-85. 
61. Waters L, Stebbing J, Mandalia S, et al. Hepatitis C infection is not associated with systemic 
HIV-associated non-Hodgkin's lymphoma: a cohort study. Int J Cancer 2005;116(1):161-3. 
62. Franceschi S, Polesel J, Rickenbach M, et al. Hepatitis C virus and non-Hodgkin's lymphoma: 
findings from the Swiss HIV Cohort Study. Br J Cancer 2006;95(11):1598-1602. 
63. Morton LM, Slager SL, Cerhan JR, et al. Etiologic heterogeneity among non-Hodgkin lymphoma 
subtypes: the InterLymph Non-Hodgkin Lymphoma Subtypes Project. J Natl Cancer Inst Monogr 
2014;2014(48):130-44. 

 



19 
 

 

Tables  

Table 1 Baseline characteristics of D:A:D participants included in the analysis 

Factors All persons (N=41,420) 
Persons who 

developed NHL (n=392) 

Persons who 
developed HL 

(N=149) 

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

Age (years)             

    <30   5,922 (14.3)   22 ( 5.6)   16 (10.7) 

    30 - 39   14,833 (35.8)   118 (30.1)   44 (29.5) 

    40 - 49   13,449 (32.5)   142 (36.2)   56 (37.6) 

    50 - 59   5,170 (12.5)   71 (18.1)   23 (15.4) 

    >=60   2,046 ( 4.9)   39 ( 9.9)   10 ( 6.7) 

Gender             

    Male   30,214 (72.9)   337 (86.0)   126 (84.6) 

    Female   11,206 (27.1)   55 (14.0)   23 (15.4) 

HIV-transmission mode             

    Homosexual   18,124 (43.8)   200 (51.0)   87 (58.4) 

    IDU   5,926 (14.3)   53 (13.5)   15 (10.1) 

    Heterosexual   14,800 (35.7)   106 (27.0)   39 (26.2) 

    Other/Unknown   2,570 ( 6.2)   33 ( 8.4)   8 ( 5.4) 

Race             

    White   20,658 (49.9)   181 (46.2)   70 (47.0) 

    Black   2,963 ( 7.2)   10 ( 2.6)   6 ( 4.0) 

    Other   840 ( 2.0)   7 ( 1.8)   3 ( 2.0) 

    Unknown   16,959 (40.9)   194 (49.5)   70 (47.0) 

smoking status             

    Current   16,859 (40.7)   155 (39.5)   70 (47.0) 

    Ex   7,332 (17.7)   65 (16.6)   31 (20.8) 

    Never   11,364 (27.4)   98 (25.0)   28 (18.8) 

    Unknown   5,865 (14.2)   74 (18.9)   20 (13.4) 

BMI group             

    <18   1,377 ( 3.3)   13 ( 3.3)   4 ( 2.7) 

    18 - 26   27,709 (66.9)   255 (65.1)   102 (68.5) 

    27 - 30   5,360 (12.9)   59 (15.1)   15 (10.1) 

    >30   1,833 ( 4.4)   16 ( 4.1)   10 ( 6.7) 

    Unknown   5,141 (12.4)   49 (12.5)   18 (12.1) 

Previous AIDS defining 
event  

  8,801 (21.2)   85 (21.7)   31 (20.8) 

Previous AIDS cancer   1,419 ( 3.4)   26 ( 6.6)   8 ( 5.4) 

On cART   21,436 (51.8)   161 (41.1)   70 (47.0) 

HBV             

    Negative   29,355 (70.9)   271 (69.1)   119 (79.9) 

    Positive/prior   7831 (18.9)   86 (21.9)   19 (12.8) 

    Unknown   4,234 (10.2)   35 ( 8.9)   11 ( 7.4) 
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HCV             

    Negative   28,168 (68.0)   261 (66.6)   117 (78.5) 

    Positive   7,947 (19.2)   76 (19.4)   19 (12.8) 

    Unknown   5,305 (12.8)   55 (14.0)   13 ( 8.7) 

Prior CVD   857 ( 2.1)   5 ( 1.3)   6 ( 4.0) 

Diabetes*   1,055 ( 2.5)   12 ( 3.1)   2 ( 1.3) 

Hypertension†   6,121 (14.8)   68 (17.3)   30 (20.1) 

Baseline year             

    2004 - 2005   29,715 (71.7)   290 (74.0)   99 (66.4) 

    2006 - 2007   6,334 (15.3)   65 (16.6)   29 (19.5) 

    2008 - 2009   5,327 (12.9)   35 ( 8.9)   21 (14.1) 

    2010 - 2011   29 ( 0.1)   1 ( 0.3)   0 ( 0.0) 

    2012 - 2015   15 ( 0.0)   1 ( 0.3)   0 ( 0.0) 

HIV-VL ≤ 500 copies/mL   21,546 (52.0)   113 (28.8)   65 (43.6) 

Age (years) 41420 40 (34,47) 392 43 (38,51) 149 42 (35,49) 

CD4 count (cells/mm3) 41420 431 (280,620) 392 
342 

(189,534) 
149 

409 
(276,575) 

Nadir CD4 count 
(cells/mm3) 

41420 248 (116,403) 392 
197 

(77,368) 
149 

259 
(130,409) 

Time CD4 <200 cells/mm3 
(years) 

37962 0.0 (0.0,0.4) 353 
0.0 

(0.0,0.6) 
137 0.0 (0.0,0.2) 

HIV-VL(cps/mL) 39883 260 (<50,20400) 378 
13419 

(80,90951) 
146 

2615 
(<50,34000) 

Log10 AUC HIV-VL 
(copies/mL-year) 

36840 4.2 (3.0,4.9) 345 
4.5 

(3.3,5.2) 
135 4.3 (2.4,5.0) 

NHL: non-Hodgkin lymphoma, HL: Hodgkin lymphoma, BMI: Body mass index, cART: combination antiretroviral 
treatment, HBV: Hepatitis B, HCV: Hepatitis C, CVD: Cardiovascular disease, HIV-VL: HIV viral load, AUC: area under 
the curve. 
*Diabetes defined as a validated event reported on a case-report form or use of anti-diabetic medication  

†Hypertension defined as diastolic blood pressure >90 mm Hg or systolic blood pressure > 140 mm Hg or receiving 
antihypertensive medication. 
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Table 2 adjusted Hazard ratios (aHR) and 95% confidence intervals for factors associated with non-Hodgkin lymphoma (NHL) and Hodgkin 
lymphoma (HL) 

    NHL   HL 

Factors aHR† (95%CI) P   aHR† (95%CI) P 

Current CD4 cell count (cells/mm3) *           

  <100 8.08 (5.63,11.61) <.001  4.58 (2.22,9.45) <.001 

  100 – 199 3.67 (2.49,5.39) <.001  6.36 (3.62,11.20) <.001 

  200 – 299 2.96 (2.12,4.13) <.001  3.37 (1.99,5.69) <.001 

  300 – 399 2.43 (1.78,3.33) <.001  1.72 (0.99,2.97) 0.053 

  400 – 499 1.62 (1.15,2.29) 0.006  2.59 (1.64,4.08) <.001 

  >=500 reference     reference   

Current HIV-VL*           

  <= 50 reference     reference   

  51 - 1,000 1.35 (1.00,1.83) 0.051  1.08 (0.69,1.69) 0.724 

  >1,000 1.97 (1.50,2.59) <.001  0.67 (0.39,1.17) 0.158 

  Unknown 0.65 (0.15,2.81) 0.563  3.73 (0.22,62.35) 0.36 

AUC of HIV-VL (Quintiles) *           

  1 - Lowest reference     reference   

  2 1.10 (0.69,1.76) 0.685  0.65 (0.37,1.12) 0.12 

  3 1.47 (0.94,2.30) 0.088  0.79 (0.47,1.34) 0.379 

  4 1.81 (1.17,2.80) 0.007  0.65 (0.38,1.14) 0.133 

  5 - Highest 2.91 (1.92,4.41) <.001  1.01 (0.61,1.68) 0.965 

  unknown 1.63 (0.93,2.85) 0.088  0.14 (0.02,1.04) 0.055 

age (years) *           

  <30 0.49 (0.27,0.89) 0.019  0.90 (0.41,1.95) 0.781 

  30 – 39 reference     reference   

  40 – 49 1.53 (1.16,2.01) 0.003  1.25 (0.81,1.93) 0.322 

  50 – 59 2.02 (1.47,2.78) <.001  1.37 (0.82,2.28) 0.224 

  ≥60 3.15 (2.17,4.58) <.001  1.06 (0.53,2.15) 0.865 

Female gender 0.55 (0.40,0.76) <.001  0.73 (0.43,1.25) 0.253 

Race           

  White reference     reference   

  Other 0.65 (0.39,1.10) 0.109  0.98 (0.47,2.04) 0.948 

  Unknown 0.99 (0.80,1.24) 0.949  0.95 (0.66,1.35) 0.758 

HIV transmission mode           

  Homosexual reference     reference   

  IDU 0.91 (0.59,1.40) 0.677  0.72 (0.32,1.59) 0.413 

  Heterosexual 0.91 (0.70,1.20) 0.523  0.67 (0.42,1.06) 0.084 

  Unknown 1.35 (0.92,1.98) 0.125  0.78 (0.37,1.66) 0.525 

smoking*           

  Current 0.91 (0.69,1.19) 0.48  1.97 (1.23,3.16) 0.005 

  Ex 0.89 (0.66,1.21) 0.461  1.54 (0.92,2.58) 0.098 

  Never reference     reference   

  Unknown 1.35 (0.96,1.89) 0.08  1.25 (0.63,2.47) 0.523 

on cART*   (Years)           

  Never 1.41 (0.95,2.10) 0.086   1.25 (0.60,2.60) 0.557 
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  0.1 – 2 1.71 (1.23,2.38) 0.001  1.63 (0.97,2.74) 0.064 

  2.1 – 4 reference     reference   

   >4 0.66 (0.47,0.91) 0.01  0.75 (0.45,1.23) 0.256 

Previous ADM diagnosis* 1.49 (1.02,2.19) 0.041  1.10 (0.55,2.18) 0.792 

Previous AIDS diagnosis (excl. ADM) * 1.01 (0.79,1.28) 0.967  0.99 (0.67,1.46) 0.956 

HBV*           

  Positive/prior 1.10 (0.85,1.41) 0.479  0.75 (0.47,1.20) 0.232 

  Negative reference     reference   

  Unknown 0.97 (0.62,1.53) 0.906  0.94 (0.40,2.25) 0.897 

HCV*           

  Positive/prior 1.13 (0.81,1.59) 0.462  0.66 (0.35,1.24) 0.193 

  Negative reference     reference   

  Unknown 1.20 (0.78,1.84) 0.416  0.33 (0.10,1.10) 0.07 

Baseline year           

  2004 Reference    Reference  

  2005 1.54 (1.1,2.16) 0.012   1.04 (0.53,2.03) 0.921 

  2006 1.2 (0.85,1.69) 0.301   1.37 (0.78,2.41) 0.279 

  2007 1.01 (0.65,1.58) 0.957   1.85 (1.02,3.38) 0.044 

  2008/9 0.92 (0.63,1.33) 0.641   1.69 (1.01,2.83) 0.046 

HIV-VL: HIV viral load, AUC: area under the curve, cART: combination antiretroviral treatment, ADM: AIDS defining 
malignancy, HBV: Hepatitis B, HCV: Hepatitis C, 
* Time updated variables 
 † Models were adjusted for all other covariates in the table and further adjusted for body mass index (BMI), prior 
cardiovascular disease (CVD) diagnosis, hypertension, diabetes. 
 
    

 



23 
 

Table 3 adjusted Hazard ratios (HR) and 95% confidence intervals for factors associated with NHL subtypes 

  PBCNS (N=25) DLBCL (N=65) Burkitt (N=42) 

  aHR* (95%CI) P aHR* (95%CI) P aHR* (95%CI) P 

log2 current CD4† 0.59 (0.51,0.70) <0.01 0.75 (0.67,0.85) <0.01 0.88 (0.74,1.05) 0.15 

log2 nadir CD4† 0.68 (0.58,0.80) <0.01 0.87 (0.77,0.98) 0.02 0.97 (0.82,1.14) 0.68 

log10 current HIV-VL‡ 1.11 (0.80,1.54) 0.54 1.32 (1.08,1.61) 0.01 1.38 (1.08,1.76) 0.01 

Log10 of AUC of HIV-VL‡ 2.21 (1.22,4.00) <0.01 1.60 (1.16,2.21) <0.01 2.14 (1.35,3.38) <0.01 

PBCNS: Primary brain and central nervous system, DLBCL: Diffuse large B cell lymphoma, HIV-VL: HIV viral load, AUC: area under the curve. 
*Models were adjusted age, gender, mode of HIV acquisition, race, current smoking status, cumulative time on cART 
†Models were additionally adjusted for log10 current HIV-VL and Log10 of area under the curve (AUC) of HIV-VL in addition to variables listed in * 
‡Models were additionally adjusted for log2 current CD4 in addition to variables listed in * 
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Figure legends 

Figure 1 Crude incidence of NHL and HL by calendar time.  

 

Figure 2 Adjusted ratio of the hazard ratios of NHL (NHL HR) and HL (HL HR) for each considered risk factor, and the ratio of the HR (RHR).  

All models were adjusted for age, gender, ethnicity, mode of HIV acquisition, smoking status, body mass index, 

baseline year, cumulative time on cART, HCV and HBV status, prior AIDS defining malignancies (ADM), prior AIDS 

events (excluding ADM), prior CVD diagnosis, hypertension, diabetes, current CD4, current HIV-Viral load, AUC of 

HIV-viral load. Risk factors for which the 95% CI for the Ratio of the hazard ratios of NHL to HL does not cross 1 (and 

a corresponding p-value<0.05) indicate that there is evidence of a different association of the risk factor with HL and 

NHL.  

 


