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Background. Human immunodeficiency virus (HIV) viremia could be involved in the increased risk of cancer in people with 
HIV (PWH) receiving combination antiretroviral therapy (cART). We analyzed the association between plasma HIV ribonucleic 
acid levels in PWH starting cART and incident invasive cancer using the Swedish cohort InfCare HIV linked with national registers.

Methods. Adults starting cART in 1996–2017 were included if they had ≥1 viral load (VL) measurement before receiving any antire-
troviral agent (pre-ART VL) and ≥2 VLs ≥6 months after start of cART. Viremia during cART was analyzed both as viremia-copy-years 
and categorized as suppression (<50 copies/mL), low-level viremia ([LLV] 50–999 copies/mL), and nonsuppression (≥1000 copies/mL). 
The main outcome was a composite of invasive malignancies with increased incidence among PWH. We fitted proportional subhazard 
models (including sex, age, pre-ART CD4 count, and injection drug use) for both pre-ART VL and viremia during cART.

Results. After 32 105 person-years, 3254 of 4931 participants (66%) were classified as suppressed, 438 (9%) were classified as 
LLV, and 1221 (25%) were classified as nonsuppressed. Neither viremia category nor cumulative viremia during cART had a statis-
tically significant association with cancer. Higher pre-ART VL was associated with cancer (adjusted subhazard ratio, 1.4; 95% confi-
dence interval, 1.0–1.8); this remained statistically significant with viremia during cART in the model. In subanalysis, the association 
with pre-ART VL was statistically significant for acquired immune deficiency syndrome (AIDS)-defining and infection-related non-
AIDS-defining cancer, but not for other malignancies.

Conclusions. In this nationwide cohort, pre-ART VL was an independent predictor of invasive cancer, whereas viremia profile 
during cART was not associated with cancer incidence.

Keywords.  acquired immunodeficiency syndrome; anti-retroviral agents; HIV infection; neoplasms; viremia.

The association between human immunodeficiency virus in-
fection (HIV) and cancer has been evident from the early years 
of the epidemic. Apart from acquired immune deficiency syn-
drome (AIDS)-defining tumors (Kaposi sarcoma, non-Hodgkin 
lymphoma, and invasive cervical cancer), a range of non-AIDS-
defining malignancies are more common among people with 
HIV (PWH) [1, 2]. Although cancer incidence has declined 
in the combination antiretroviral therapy (cART) era, overall 

cancer incidence remained 60% higher in HIV-positive US vet-
erans compared with uninfected controls [3]. Although PWH 
have higher prevalence of established risk factors for cancer 
[4], HIV-specific factors likely contribute to this excess risk [5]. 
Low CD4 counts (reflecting cellular immunodeficiency) have 
been linked to both AIDS-defining and non-AIDS-defining 
cancer [6, 7]. Still, immediate compared with deferred cART in-
itiation has been associated with reduced cancer incidence [8]. 
This effect was independent of CD4 counts but partly mediated 
by plasma HIV ribonucleic acid (RNA) (viral load [VL]), sug-
gesting that the degree of viral replication could be involved in 
the development of cancer among PWH [8].

Virologic response during cART could also influence cancer 
incidence. Several observational studies report increased risk 
of different cancer types in individuals with incomplete viral 
suppression [9–19]. Although most cART recipients achieve 
viral suppression, approximately 3%–10% of individuals in 
European and North American cohorts have low-level viremia 
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(LLV), commonly defined as repeatedly detectable VL below 
the threshold of virologic failure [20]. We recently reported in-
creased mortality and non-AIDS morbidity in Swedish PWH 
with LLV; among serious non-AIDS events in this cohort, 29% 
were non-AIDS malignancies [21]. The relationship between 
cancer and LLV has only been explored in 1 study restricted to 
non-Hodgkin lymphoma, showing increased incidence in per-
sons with LLV compared with those with viral suppression [22].

In the current study, we aimed to investigate whether the 
amplitude of pre-ART VL and the degree of viral suppression 
during cART are linked to cancer incidence. For this purpose, 
we have analyzed associations between viremia status in per-
sons initiating cART and incident invasive cancer (of types 
known to have increased incidence among PWH), based on 
a cohort encompassing all PWH in Sweden 1996–2017 with 
linkage to national registers.

METHODS

Study Population

Participants of this study were identified from InfCare HIV, a 
register with clinical and virologic data from >99.9% of PWH 
registered in Sweden. All adults (≥15  years old) with a com-
plete Personal Identity Number in this register were eligible 
for inclusion if they started cART between 1996 and 2017 (see 
Supplementary Table S1 for a list of regimens), had ≥1 VL 
measurement before receiving any antiretroviral agent (pre-
ART VL), and ≥2 VLs available ≥6 months after cART initi-
ation. For this study, InfCare HIV was linked to the Cancer 
Register, which is administered by the National Board of Health 
and Welfare and contains data on malignancies since 1958 [23]. 
The Cancer Register also contains information on date of death 
and underlying cause of death. To find cases of hepatitis B and 
C virus (HBV, HCV) coinfection not registered in InfCare HIV, 
the cohort was also linked to the Patient Register.

Endpoint Definitions

The outcome of interest was a composite consisting of invasive 
cancer types shown to have increased incidence among PWH 
compared with uninfected persons in a large meta-analysis [1], 
termed “HIV-related cancer.” This included malignancies for 
which infectious etiology has been reported (non-Hodgkin and 
Hodgkin lymphoma, cervix cancer, vulva and vagina cancer, 
penis cancer, anal cancer, oral cavity and pharynx [excluding 
nasopharynx] cancer, nonmelanoma skin cancer, lip cancer, 
esophagus cancer, larynx cancer, eye cancer, hepatocellular 
carcinoma, Kaposi sarcoma, and stomach cancer), as well 
as the following malignancies (for which no infectious eti-
ology has been shown): trachea, bronchus, and lung cancer; 
kidney cancer; multiple myeloma; leukemia; malignant mel-
anoma; brain cancer; and testis cancer. Cancer forms without 
increased incidence among PWH were not included in the 

composite endpoint (a list of these diagnoses is presented in 
Supplementary Table S2). For backward compatibility, ma-
lignancies were classified using topography and morphology 
codes from the International Classification of Diseases Oncology, 
Second Edition (ICD-O/2) together with ICD-10 [24] (complete 
list of codes used for classification in Supplementary Table S3).

Measures of Viremia During Combination Antiretroviral Therapy

We used 2 separate measures of viremia during cART. First, 
total cumulative exposure to viremia during cART was calcu-
lated, starting from the first recorded VL obtained ≥6 months 
after starting cART, using viremia copy-years [25]. We used 
the trapezoidal rule, and the copy-years variable was log10-
transformed. Second, to specifically assess the impact of LLV, 
participants were grouped into 3 categories: viral suppression 
(<50 copies/mL), LLV 50–999 copies/mL (≥2 consecutive VLs 
in this range, ≥1  month apart), and nonsuppression (≥1000 
copies/mL). Since the relationships between LLV and cancer 
are largely unexplored, we chose a broad definition of LLV with 
an upper cutoff of 1000 copies/mL. Participants with single VL 
measurements in the range of 50–999 copies/mL were categor-
ized as virally suppressed if these measurements were preceded 
and followed by undetectable VLs. Viremia category was in-
cluded as a time-varying covariate, so that participants could 
change category over time. Reclassification was only possible to 
a higher category.

Statistical Analysis

This study was based on a nationwide cohort of PWH; conse-
quently, no sample size calculation was performed. All parti-
cipants were followed from the first VL recorded ≥6  months 
after start of cART until the first of the following events: first 
diagnosis of any of the malignancies of interest, death from any 
cause, loss to follow-up (defined as ≥12  months with no re-
corded VL), or administrative censoring (June 2017). Incidence 
rates of specific cancer diagnoses were calculated for the entire 
cohort, and age-standardized incidence rates to the Segi’s world 
standard population were compared with the general popula-
tion in Sweden for men and women, respectively.

To analyze the association between viremia and the risk 
of invasive cancer in the presence of the competing risk of 
noncancer death, we used proportional subhazard models 
with viral suppression as the reference category [26]. We 
checked the proportional subhazard assumption by fitting a 
separate model including time interaction for all covariates 
and found no indication of violation. Multivariable analysis 
included the following variables: sex, time-updated age, CD4 
count before start of any type of ART (surrogate for HIV dis-
ease stage at start of ART), and injection drug use (IDU). To 
determine whether a possible association between viremia 
during cART and cancer was dependent on pre-ART viremia, 
which per se is a risk factor for LLV [27, 28], we also included 
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pre-ART VL (defined as last VL before receiving any anti-
retroviral agent) on a logarithmic scale in these models. 
Separately, pre-ART VL was also analyzed as a risk factor for 
invasive cancer; in these models, viremia during cART was 
included as a potential mediator. To further explore whether 
the association between cancer and viremia was restricted 
to specific categories of cancer, we fitted 3 separate models 
with the following outcomes: (1) AIDS-defining cancer, (2) 
infection-related non-AIDS-defining cancer, and (3) non-
AIDS-defining cancer not related to infectious agents. We 
handled missing data using a complete-case approach and re-
port the number of missing values for each step. We defined 
statistical significance as 2-sided P < .05.

Patient Consent Statement

The regional ethics committee of Lund, Sweden approved 
the study (2017/1023). This study did not include factors 
necessitating patient consent.

RESULTS

Study Participants

Of 10 855 individuals in the InfCare HIV cohort, 4931 (45%) 
(1) started cART in 1996–2017, (2) were ≥15 years old, (3) had 
≥1 pre-ART VL and ≥2 VLs available ≥6 months after start of 
treatment, and (4) were not diagnosed with HIV-related cancer 
or lost to follow-up before the first VL ≥ months after cART 
initiation (Figure 1). Background characteristics by viremia 
category are presented in Table 1. The 4931 participants were 
followed for a median of 5.3  years, corresponding to 32  105 
person-years of follow-up. Of the 2137 participants excluded 
due to missing pre-ART VL, 784 had complete data for other 
variables. Most of these participants were diagnosed with HIV 
during the first decade of the epidemic and had received antire-
troviral drugs before VL testing was introduced in clinical care 
(Supplementary Table S4).

Incidence of Invasive Cancer

In total, 111 participants accounted for 116 cases of HIV-related 
cancer during follow-up. The overall incidence of the com-
posite endpoint HIV-related cancer was 346 cases per 100 000 
person-years. The most common diagnosis was non-Hodgkin 
lymphoma, followed by cervix cancer and lung cancer (Table 
2). Compared with the general population, we observed higher 
sex- and age-standardized incidence of non-Hodgkin lym-
phoma, Kaposi sarcoma, cervix cancer, Hodgkin lymphoma, 
and anal cancer, respectively (Table 2). The majority of partici-
pants (107 of 111; 96%) had only 1 registered cancer diagnosis.

Associations Between Viremia and Invasive Cancer

There was no statistically significant association between overall 
cumulative exposure to viremia from 6  months after starting 
cART and HIV-related cancer in unadjusted analysis, nor after 

adjustment for sex, age, pre-ART CD4 count, pre-ART VL, and 
IDU (adjusted subhazard ratio [aSHR], 0.99; 95% confidence 
interval [CI], 0.85–1.2).

In the analysis of 3 viremia categories, neither LLV nor 
nonsuppressed viremia had statistically significant association 
to HIV-related cancer compared with virological suppression 
(aSHR for LLV, 0.67; 95% CI, 0.30–1.5; aSHR for nonsuppression, 
1.4; 95% CI, 0.89–2.4) (Table 3). In subanalysis, participants 
with nonsuppression had higher risk of AIDS-defining cancer 
compared with virologic suppression, but the difference was not 
statistically significant (aSHR, 2.0; 95% CI, 0.92–4.2). There was 
no association between viremia category and infection-related 
non-AIDS-defining cancer or non-AIDS-defining cancer not 
related to infectious agents (Table 4).

Higher pre-ART VL was associated with HIV-related cancer 
(SHR for VL log10, 1.4 (95% CI, 1.0–1.8). This effect remained after 
adjustment for age, sex, pre-ART CD4 count, and IDU (aSHR, 
1.4; 95% CI, 1.0–1.8). Inclusion of viremia category during 
cART as a potential mediator did not change this effect (aSHR, 
1.4; 95% CI 1.0–1.9), which remained statistically significant 

Persons included in the merge
between lnfCare HIV and the

registers managed by the National
Board of  Health and Welfare

(n = 10855)

Excluded due to no cART
(n = 2241)

Excluded due to start of  cART
before the age of  15

(n = 209)

Starting cART
(n = 8614)

Over 15 years old
(n = 8405)

At least 1 recorded VL before
receiving any antiretroviral agent

(n = 6268)

At least 2 recorded VL at least 6
months after starting cART

(n = 5902)

Included in the final analysisa

(n = 4931)

Excluded due to no pre-ART VL
(n=2137)

Excluded due to limited follow-up
(n = 366)

Excluded due to censoring before
start of  follow-up

(n = 971)

Figure 1. Exclusion flowchart. aDepending on the outcome, this number is slightly 
different in the different models (since participants are excluded if reaching the 
outcome during the 6 months between combination antiretroviral therapy [cART] 
initiation and start of follow-up). For the composite outcome of invasive cancer, the 
number is 4931. ART, antiretroviral therapy; VL, viral load.

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofab131#supplementary-data


4 • ofid • Elvstam et al

(Table 3). Apart from pre-ART VL, only age had a statistically 
significant relationship to invasive cancer (Supplementary Table 
S5). When dividing the composite endpoint HIV-related cancer 
into 3 groups, higher pre-ART VL had a statistically significant 
association with increased risk of AIDS-defining cancer and 
infection-related non-AIDS-defining cancer, but not with non-
AIDS-defining cancer not related to infectious agents (Table 4).

DISCUSSION

In this long-term follow-up of a nationwide cohort of PWH 
starting cART, longitudinal viremia profiles during treatment 
were not associated with cancer incidence. However, the risk of 
cancer was independently associated with higher pre-ART VL, 
driven by increased incidence of AIDS-defining and infection-
related non-AIDS-defining malignancies.

Although an effect of viremia during cART on cancer risk 
cannot be ruled out from our study, these results do not sup-
port the hypothesis that unsuppressed viremia during cART 
is associated with invasive cancer. In particular, LLV did not 
show associations with cancer (despite our comparatively high 
threshold level to define LLV, <1000 copies/mL).

Several observational studies have reported higher cancer in-
cidence in persons with nonsuppressed viremia (using different 
thresholds, and in persons both with and without cART) for 
both AIDS-defining cancers [9–12, 15, 16, 22] and virus-related 
non-AIDS-defining cancer [11, 13, 14, 16, 17]. However, only 2 

of these studies have clearly separated the effects of viremia be-
fore and after initiation of cART; in these, pre-ART VL was con-
sidered as a potential variable, but this was not included in the 
final model [9, 22]. Our findings are in agreement with those 
from a US-based multicenter clinical cohort, in which viral 
suppression at 6 months after start of cART had no statistically 
significant association with the risk of invasive cancer after ad-
justment for pre-ART VL [29].

Complex interactions may exist between viremia levels before 
and during cART and the risk of cancer. The increased cancer 
incidence associated with deferred ART initiation is partly me-
diated by higher pre-ART VL [8], which is also linked to lower 
likelihood of viral suppression during ART [27, 28]. Therefore, 
“pre-ART viremia” could be considered a confounder in the 
relationship between “viremia during cART” and cancer, and 
“viremia during cART” may be a mediator in the relationship be-
tween “pre-ART viremia” and cancer. It is interesting to note that 
the association between pre-ART VL and cancer did not change 
when including viremia during cART in the model, which sug-
gests that this effect is mainly mediated by other factors. This 
type of mediation analysis could lead to bias, however, because 
it introduces the potential of mediator-outcome confounding in 
addition to exposure-outcome confounding [30]. With the pos-
sibility of residual confounding arising from unmeasured factors, 
such as socioeconomic condition [31], the results from this me-
diation analysis should be interpreted with caution.

Table 1. Characteristics of Study Participants Identified From the Swedish InfCare HIV Cohort

Overall  
(N = 4931)

Virologic Suppressiona  
(n = 3272; 66%)

Low-Level Viremiab  
(n = 438; 9%)

Nonsuppressionc  
(n = 1221; 25%)

Age at start of cART, year 38 (31–46) 38 (31–46) 40 (33–49) 36 (30–43)

Male sex (%) 3064 (62%) 2105 (64%) 303 (69%) 656 (54%)

Median year of HIV diagnosis 2007 2009 2006 2001

Median year of start of cART 2009 2010 2007 2003

Transmission Group (%)     

 Heterosexual contact 2658 (54%) 1729 (53%) 231 (53%) 698 (57%)

 Male-to-male sexual contact 1520 (31%) 1112 (34%) 130 (30%) 278 (23%)

 Injection drug use 278 (6%) 124 (4%) 27 (6%) 127 (11%)

 Other 387 (8%) 234 (7%) 46 (11%) 107 (9%)

 Transmission group missing 88 (2%) 73 (2%) 4 (1%) 11 (1%)

Born in Sweden (%) 1872 (38%) 1254 (38%) 177 (40%) 441 (36%)

Pre-ART VL, log10 copies/mLd 4.9 (4.3–5.4) 4.8 (4.2–5.3) 5.3 (4.8–5.8) 4.9 (4.3–5.4)

Pre-ART CD4 count, cells/µLd 247 (140–360) 257 (150–370) 180 (80–280) 250 (140–360)

HBsAg positive (%) 244 (5%) 139 (4%) 25 (6%) 80 (7%)

 HBV status missing 2412 (49%) 1619 (49%) 202 (46%) 591 (48%)

Anti-HCV positive (%) 524 (11%) 269 (8%) 54 (12%) 201 (16%)

 HCV status missing 557 (11%) 394 (12%) 46 (11%) 117 (10%)

Abbreviations: cART, combination antiretroviral therapy; HBsAg, hepatitis B surface antigen; HCV, hepatitis C virus; HIV, human immunodeficiency virus; LLV, low-level viremia; VL, viral load. 

NOTE: Data are presented as No. (%) or median (interquartile range).
a<50 copies/mL.
b50–999 copies/mL.
c≥1000 copies/mL.
dRefers to the last measurement before receiving any antiretroviral agent.
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Table 2. Incidence Rates of Invasive Cancer in the Study Cohort

Incidence per 100 000  
Person-Years  

(95% CI) Number of Cases

Age-Standardized Incidence 
per 100 000 Person-Years 

(95% CI)

Age-Standardized 
Incidence in the Swedish 

General Populationa

Men Women Men Women

Composite endpoint 346 (287–416) 111     

AIDS-Defining Cancer

Non-Hodgkin lymphoma 73 (49–109) 24 83 (17–149) 18 (0–40) 14 9

Kaposi sarcoma 18 (8–41) 6 21 (4–39) 0 1 0

Cervix cancerb 121 (73–201) 15 - 309 (0–683) - 10

Infection-Related Non-AIDS-Defining Cancer

Hodgkin lymphoma 30 (16–56) 10 28 (8–47) 4 (0–12) 3 2

Hepatocellular carcinoma 6 (2–24) 2 2 (0–5) 5 (0–15) 10 8

Stomach cancer 6 (2–24) 2 4 (0–10) 0 8 5

Vulva and vagina cancerb 8 (1–57) 1 - 3 (0–9) - 2

Penis cancerc 10 (2–39) 2 4 (0–10) - 2 -

Anal cancer 24 (12–48) 8 19 (4–34) 3 (0–9) 1 1

Oral cavity and pharynx SCCd 9 (3–28) 3 8 (0–16) 0 8 4

Nonmelanoma skin cancer 36 (21–64) 12 27 (11–42) 0 33 21

Lip cancer - 0 0 0 1 1

Esophagus cancer 6 (2–24) 2 4 (0–10) 0 5 2

Larynx cancer 3 (0.4–21) 1 2 (0–5) 0 2 1

Eye cancer 3 (0.4–21) 1 0 4 (0–12) 1 1

Non-AIDS-Defining Cancer Not Related to Infectious Agents

Trachea, bronchus, or lung cancer 42 (25–71) 14 26 (12–41) 10 (0–28) 30 29

Kidney cancer 6 (2–24) 2 2 (0–5) 8 (0–24) 11 7

Multiple myeloma 3 (0.4–21) 1 2 (0–5) 0 5 4

Leukemia 9 (3–28) 3 9 (0–20) 0 14 10

Malignant melanoma 21 (10–44) 7 16 (2–30) 4 (0–11) 26 27

Brain cancer 3 (0.4–21) 1 2 (0–7) 0 12 13

Testis cancerc 5 (0.7–35) 1 4 (0–12) - 10 -

Abbreviations: AIDS, acquired immune deficiency syndrome; CI, confidence interval; SCC, squamous cell carcinoma.

NOTE: Age-standardization was made to Segi’s world standard population.
a Calculated for the Swedish population ≥15 years old. The year 2009 (the median year of diagnosis for cancer cases among persons with human immunodeficiency virus in this cohort) is 
chosen for comparison. Data from the Statistics Database for Cancer, Swedish Cancer Register (https://sdb.socialstyrelsen.se/if_can/val.aspx. Accessed May 6, 2020).
bOnly calculated for females.
cOnly calculated for males.
dExcluding nasopharynx cancer.

Table 3. Proportional Subhazard Models for the Risk of Invasive Cancer Accounting for the Competing Risk of Noncancer Death

Unadjusted
Adjusted for Sex, Age, Pre-ART CD4  
Cell Count, and IDU Full Modela

Viremia during cART (n = 4931) (n = 4474) (n = 4474)

 Virologic suppressionb 1 (Ref) 1 (Ref) 1 (Ref)

 Low-level viremiac 0.84 (0.40–1.8) 0.74 (0.34–1.7) 0.67 (0.30–1.5)

 Nonsuppressiond 1.2 (0.77–1.9) 1.5 (0.91–2.4) 1.4 (0.89–2.4)

Pre-ART VL (per log10 copies/mL)e 1.4 (1.0–1.8) 1.4 (1.0–1.8) 1.4 (1.0–1.9)

Abbreviations: cART, combination antiretroviral therapy; IDU, injection drug use; Ref, reference category; LLV, low-level viremia; VL, viral load.

NOTE: Results are subhazard ratios with 95% confidence interval.
aFully adjusted model includes both viremia category during cART and pre-ART viral load.
b<50 copies/mL.
c50–999 copies/mL.
d≥1000 copies/mL.
eRefers to the last measurement before receiving any antiretroviral agent.

https://sdb.socialstyrelsen.se/if_can/val.aspx
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The association between high pre-ART VL and incident 
cancer in this cohort supports results from the Strategic Timing 
of Antiretroviral Therapy (START) trial and from a recent 
North American multicenter cohort study, showing an effect 
of early ART initiation on the incidence of HIV-related cancer 
[8, 32]. In START, the median VL at time of ART initiation was 
13 462 and 41 525 copies/mL in the 2 study arms, respectively 
[33]. The importance of VL could vary for different cancer 
types, however, as demonstrated in 2 recent North American 
cohort studies. Whereas VL measures between 8.5 and 4.5 years 
in the past were the most predictive for risk of anal cancer (en-
tirely mediated by lowering of CD4) [19], viremia levels during 
the preceding 3.5–0.5 years were the most predictive of non-
Hodgkin lymphoma [18]. Viremia levels were not separated 
with regard to ART status in either of these studies. Because 
the individual numbers of these cancer diagnoses were low in 
our material (8 and 24, respectively), we were not able to re-
produce these analyses with regard to VL before and during 
cART. In our study, the previously reported association be-
tween non-Hodgkin lymphoma and LLV was not corroborated 
(Supplementary Table S6) [22]. Our material includes 24 cases 

of non-Hodgkin lymphoma (compared with 37 in [22]), none 
of which occurred in a person with LLV.

Previous reports on HIV viremia and cancer have focused on 
separate cancer forms or different composite outcomes. These 
discrepancies make comparisons between studies difficult. For 
this study, we based our composite endpoint on a large meta-
analysis that identified cancer forms with increased prevalence 
among PWH [1]. This list is highly consistent with a more re-
cent register-based study on 448 258 PWH [2]. In this latter re-
port, stomach, brain, and kidney cancers did not have increased 
prevalence among PWH; our endpoint could hence be slightly 
overinclusive (these diagnoses constituted 5% of cases in our ma-
terial) [2]. Because our composite outcome is heterogenous, it 
is possible that viremia only affects some components, and that 
this could be obscured by a neutral or opposite effect on other 
diagnoses. To investigate this, we separated the outcome into 3 
groups. In subanalyses, higher pre-ART VL was only associated 
with increased risk of AIDS-cancer and infection-related non-
AIDS-defining cancer. This finding is in accordance with pre-
vious studies [8, 16, 18, 19, 32], supporting the link between HIV 
replication and tumors with microbial etiology.

Table 4. Proportional Subhazard Models for the Risk of HIV-Related Cancer Grouped Into (1) AIDS-Defining Cancer, (2) Infection-Related Non-AIDS-
Defining Cancer, and (3) Non-AIDS-Defining Cancer Not Related to Infectious Agents

Unadjusted

Adjusted for Sex, Age,  
Pre-ART CD4  
Cell Count, and IDU Full Modela

AIDS-Defining Cancerb

 Viremia during cART (n = 4949) (n = 4489) (n = 4489)

 Virologic suppressionc 1 (Ref) 1 (Ref) 1 (Ref)

  Low-level viremiad 0.96 (0.29–3.2) 0.72 (0.16–3.2) 0.61 (0.14–2.7)

  Nonsuppressione 2.0 (0.97–4.1) 2.0 (0.93–4.4) 2.0 (0.92–4.2)

 Pre-ART VL (per log10 copies/mL)f 1.3 (0.77–2.2) 1.8 (1.0–3.0) 1.8 (1.0–3.2)

Infection-Related Non-AIDS-Defining Cancerg

 Viremia during cART (n = 4997) (n = 4531) (n = 4531)

 Virologic suppressionc 1 (Ref) 1 (Ref) 1 (Ref)

  Low-level viremiad 0.46 (0.11–2.0) 0.44 (0.10–1.9) 0.37 (0.08–1.7)

  Nonsuppressione 0.86 (0.42–1.8) 1.3 (0.62–2.6) 1.2 (0.60–2.5)

Pre-ART VL (per log10 copies/mL)f 1.8 (1.3–2.5) 1.6 (1.1–2.3) 1.7 (1.1–2.5)

Non-AIDS-Defining Cancer Not Related to Infectious Agentsh

 Viremia during cART (n = 5001) (n = 4536) (n = 4536)

 Virologic suppressionc 1 (Ref) 1 (Ref) 1 (Ref)

  Low-level viremiad 1.2 (0.34–4.0) 1.1 (0.33–3.9) 1.2 (0.33–4.2)

  Nonsuppressione 1.1 (0.44–2.7) 1.4 (0.50–3.8) 1.4 (0.50–4.0)

 Pre-ART VL (per log10 copies/mL)f 1.1 (0.72–1.6) 0.87 (0.54–1.4) 0.86 (0.53–1.4)

Abbreviations: AIDS, acquired immune deficiency syndrome; cART, combination antiretroviral therapy; IDU, injection drug use; LLV, low-level viremia; Ref, reference category; VL, viral load.

NOTE: Results are subhazard ratios with 95% confidence interval. Proportional subhazard models are used to account for the competing risk of noncancer death.
aFully adjusted model includes both viremia category during cART and pre-ART viral load.
bNon-Hodgkin lymphoma, Kaposi sarcoma, cervix cancer.
c<50 copies/mL.
d50–999 copies/mL.
e≥1000 copies/mL.
fRefers to the last measurement before receiving any antiretroviral agent.
gHodgkin-lymphoma, hepatocellular carcinoma, stomach cancer, vulva and vagina cancer, penis cancer, anal cancer, oral cavity and pharynx squamous cell carcinoma (excluding nasopharynx 
cancer), nonmelanoma skin cancer, lip cancer, esophagus cancer, larynx cancer, and eye cancer.
hTrachea, bronchus, or lung cancer, kidney cancer, multiple myeloma, leukemia, malignant melanoma, brain cancer, and testis cancer.

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofab131#supplementary-data
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The mechanisms involved in this association likely reflect 
the impact of immune function for control of infection-related 
tumors. Cellular immunosuppression is a well established risk 
factor for both AIDS-defining [6] and virus-related non-AIDS-
defining cancer [7]. Both current and previous immunosup-
pression (which can be estimated through nadir CD4 count or 
cumulative time below a certain CD4 threshold level) have been 
shown to have predictive capacity for the development of cancer 
[34, 35]. It is interesting to note that we found an effect of HIV 
viremia independent of pre-ART CD4 counts. Because complex 
relationships between CD4 trajectories and different types of 
cancer may exist, the effect between viremia and invasive cancer 
could also be influenced by CD4 counts during ART. Another 
potential mechanism could be chronic immune activation ac-
companying HIV replication, which has been linked to incident 
cancer in PWH [36]. In addition, a direct lymphomagenic role 
of HIV has been proposed [37].

Our study has certain limitations inherent to its observa-
tional design. First, exclusion of participants without recorded 
pre-ART VL could lead to selection bias. This group mainly 
consisted of individuals diagnosed before introduction of 
cART, and exclusion of these participants likely make our re-
sults more generalizable to current settings (Supplementary 
Table S4). Second, we used pre-ART VL as a proxy for total ex-
posure to viremia before start of cART. Other studies have used 
viremia-copy years to estimate total viremia exposure; however, 
this model is highly dependent on assumptions, because time 
of HIV acquisition is seldom known, and prone to bias due to 
differences in sampling frequency [38]. Furthermore, we lack 
information on some factors that may be involved in develop-
ment of HIV-related cancer, such as smoking and alcohol use 
[4]. We performed a separate analysis excluding outcomes with 
known link to HBV and HCV (hepatocellular carcinoma and 
non-Hodgkin lymphoma), which showed similar associations 
between cancer and viremia during cART and pre-ART VL, re-
spectively (Supplementary Table S7). Moreover, differences in 
cancer incidence could be due to diagnostic bias, for example, 
because of targeted screening or care-seeking behavior patterns 
[39]. To address this issue, we compared cancer stage at diag-
nosis between the 3 different viremia categories for diagnoses 
with available and relevant TNM (tumor, lymph nodes, metas-
tasis) classification, with no statistically significant differences 
in distribution observed (data not shown). Finally, even though 
we analyzed a nationwide cohort, the low number of outcomes 
did not allow us to assess the relationship of viremia and spe-
cific cancer forms.

This study represents long-term follow-up of a national co-
hort in a setting with relatively equal access to care [40] and 
is based on data from the Swedish Cancer Register, which has 
high overall completeness with 99% of cases verified morpho-
logically [23]. To our knowledge, this is the first study to spe-
cifically address the impact of LLV during cART on the risk 

of cancer. Furthermore, by entering pre-ART VL in the final 
model, we have been able to delineate the effects of pre-ART 
viremia and viremia during cART. Finally, although most other 
studies have right-censored deaths, we used a competing risk 
approach, which leads to less biased results [26].

CONCLUSIONS

In conclusion, in this nationwide cohort of PWH initiating 
cART, pre-ART VL was independently associated with cancer 
incidence, whereas no such association was observed for longi-
tudinal HIV RNA profiles during cART. These findings support 
early start of cART as the major HIV-specific intervention for 
reducing cancer incidence among PWH.

Supplementary Data
Supplementary materials are available at Open Forum Infectious Diseases 
online. Consisting of data provided by the authors to benefit the reader, 
the posted materials are not copyedited and are the sole responsibility 
of the authors, so questions or comments should be addressed to the 
corresponding author.

Acknowledgments
This study benefitted from data provided by the InfCare HIV Quality 

Assurance register.
Disclaimer. The funders had no impact on the study design, data col-

lection and analysis, decision to publish, or preparation of the manuscript.
Financial support. This work was funded by Department of Research 

and Development, Region Kronoberg, Växjö (0825-001 8298; to O.  E.); 
the Swedish State under the agreement between Swedish government and 
the county councils, the ALF-Agreement (ALFGBG-717531; to M.  G.); 
Gilead Nordic Fellowship (2018004132; to P.  B.); and Region Skåne 
(REGSKANE821541; to P. B.). 

Potential conflicts of interest. O. E. reports grants from Pfizer, outside 
the submitted work. M. G. reports personal fees from Gilead, personal fees 
from GSK/ViiV, personal fees from MSD, other from Gilead, other from 
GSK/ViiV, personal fees from Biogen, personal fees from Novocure, per-
sonal fees from Amgen, and personal fees from Novo Nordic, outside the 
submitted work. P. B. reports grants from Swedish State, grants from Region 
Skåne, grants from Gilead Nordic Fellowship during the conduct of the 
study, and personal fees from Gilead, outside the submitted work. All au-
thors have submitted the ICMJE Form for Disclosure of Potential Conflicts 
of Interest. Conflicts that the editors consider relevant to the content of the 
manuscript have been disclosed.

References
1. Grulich AE, van Leeuwen MT, Falster MO, Vajdic CM. Incidence of cancers in 

people with HIV/AIDS compared with immunosuppressed transplant recipients: 
a meta-analysis. Lancet 2007; 370:59–67.

2. Hernandez-Ramirez RU, Shiels MS, Dubrow R, Engels EA. Cancer risk in HIV-
infected people in the USA from 1996 to 2012: a population-based, registry-
linkage study. Lancet HIV 2017; 4:e495–504.

3. Park  LS, Tate  JP, Sigel  K, et  al. Time trends in cancer incidence in persons 
living with HIV/AIDS in the antiretroviral therapy era: 1997–2012. AIDS 2016; 
30:1795–806.

4. Park  LS, Hernandez-Ramirez  RU, Silverberg  MJ, et  al. Prevalence of non-HIV 
cancer risk factors in persons living with HIV/AIDS: a meta-analysis. AIDS 2016; 
30:273–91.

5. Borges  AH, Dubrow  R, Silverberg  MJ. Factors contributing to risk for cancer 
among HIV-infected individuals, and evidence that earlier combination antire-
troviral therapy will alter this risk. Curr Opin HIV AIDS 2014; 9:34–40.

6. Biggar RJ, Chaturvedi AK, Goedert JJ, et al. AIDS-related cancer and severity of 
immunosuppression in persons with AIDS. J Natl Cancer Inst 2007; 99:962–72.

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofab131#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofab131#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofab131#supplementary-data


8 • ofid • Elvstam et al

7. Reekie J, Kosa C, Engsig F, et al. Relationship between current level of immunode-
ficiency and non-acquired immunodeficiency syndrome-defining malignancies. 
Cancer 2010; 116:5306–15.

8. Borges AH, Neuhaus  J, Babiker AG, et al. Immediate antiretroviral therapy re-
duces risk of infection-related cancer during early HIV infection. Clin Infect Dis 
2016; 63:1668–76.

9. Zoufaly  A, Stellbrink  HJ, Heiden  MA, et  al. Cumulative HIV viremia during 
highly active antiretroviral therapy is a strong predictor of AIDS-related lym-
phoma. J Infect Dis 2009; 200:79–87.

10. 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. Clin Infect Dis 2009; 
49:1109–16.

11. 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 Oncol 2009; 10:1152–9.

12. Engels EA, Pfeiffer RM, Landgren O, Moore RD. Immunologic and virologic pre-
dictors of AIDS-related non-hodgkin lymphoma in the highly active antiretro-
viral therapy era. J Acquir Immune Defic Syndr 2010; 54:78–84.

13. Chiao  EY, Hartman  CM, El-Serag  HB, Giordano  TP. The impact of HIV viral 
control on the incidence of HIV-associated anal cancer. J Acquir Immune Defic 
Syndr 2013; 63:631–8.

14. Kowalkowski MA, Day RS, Du XL, et al. Cumulative HIV viremia and non-AIDS-
defining malignancies among a sample of HIV-infected male veterans. J Acquir 
Immune Defic Syndr 2014; 67: 204–11.

15. Dubrow R, Qin L, Lin H, et al. Association of CD4+ T-cell count, HIV-1 RNA 
viral load, and antiretroviral therapy with kaposi sarcoma risk among HIV-
infected persons in the United States and Canada. J Acquir Immune Defic Syndr 
2017; 75: 382–90.

16. Park LS, Tate JP, Sigel K, et al. Association of viral suppression with lower AIDS-
defining and non-AIDS-defining cancer incidence in HIV-infected veterans: a 
prospective cohort study. Ann Intern Med 2018; 169:87–96.

17. Torgersen J, Kallan MJ, Carbonari DM, et al. HIV RNA, CD4+ percentage, and 
risk of hepatocellular carcinoma by cirrhosis status. J Natl Cancer Inst 2020; 
112:747–55.

18. Hernandez-Ramirez RU, Qin L, Lin H, et al. Association of immunosuppression 
and HIV viraemia with non-Hodgkin lymphoma risk overall and by subtype 
in people living with HIV in Canada and the USA: a multicentre cohort study. 
Lancet HIV 2019; 6: e240–9.

19. Hernandez-Ramirez RU, Qin L, Lin H, et al. Association of immunosuppression 
and human immunodeficiency virus (HIV) viremia with anal cancer risk in per-
sons living with HIV in the United States and Canada. Clin Infect Dis 2020; 70: 
1176–85.

20. Ryscavage P, Kelly S, Li JZ, Harrigan PR, Taiwo B. Significance and clinical man-
agement of persistent low-level viremia and very-low-level viremia in HIV-1-
infected patients. Antimicrob Agents Chemother 2014; 58: 3585–98.

21. Elvstam O, Marrone G, Medstrand P, et al. All-cause mortality and serious non-
AIDS events in adults with low-level HIV viremia during combination antiretro-
viral therapy: results from a swedish nationwide observational study. Clin Infect 
Dis 2020. doi:10.1093/cid/ciaa413

22. 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: 1599–606.

23. Barlow  L, Westergren  K, Holmberg  L, Talback  M. The completeness of the 
Swedish Cancer Register: a sample survey for year 1998. Acta Oncol 2009; 48: 
27–33.

24. Percy  C, Van  Holten  V, Muir  C. International Classification of Diseases for 
Oncology. Geneva: World Health Organization, 1990.

25. 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; 
171:198–205.

26. Fine JP, Gray RJ. A proportional hazards model for the subdistribution of a com-
peting risk. J Am Stat Assoc 1999; 94:496–509.

27. Vancoillie L, Demecheleer E, Callens S, et al. Markers associated with persisting 
low-level viraemia under antiretroviral therapy in HIV-1 infection. J Antimicrob 
Chemother  2014; 69:1098–103.

28. Leierer G, Grabmeier-Pfistershammer K, Steuer A, et al. Factors associated with 
low-level viraemia and virological failure: results from the Austrian HIV cohort 
study. PLoS ONE 2015; 10:e0142923.

29. Lee JS, Cole SR, Achenbach CJ, et al. Cancer risk in HIV patients with incomplete 
viral suppression after initiation of antiretroviral therapy. PLoS ONE 2018; 13.

30. Richiardi L, Bellocco R, Zugna D. Mediation analysis in epidemiology: methods, 
interpretation and bias. Int J Epidemiol 2013; 42:1511–9.

31. Gueler  A, Schoeni-Affolter  F, Moser  A, et  al. Neighbourhood socio-economic 
position, late presentation and outcomes in people living with HIV in Switzerland. 
AIDS 2015; 29:231–8.

32. Silverberg MJ, Leyden W, Hernandez-Ramirez RU, et al. Timing of antiretroviral 
therapy initiation and risk of cancer among persons living with HIV. Clin Infect 
Dis 2020. doi:10.1093/cid/ciaa1046

33. Insight Start Study Group, Lundgren JD, Babiker AG, et al. Initiation of antire-
troviral therapy in early asymptomatic HIV infection. N Engl J Med 2015; 373: 
795–807.

34. Kesselring A, Gras L, Smit C, et al. Immunodeficiency as a risk factor for non-
AIDS-defining malignancies in HIV-1-infected patients receiving combination 
antiretroviral therapy. Clin Infect Dis 2011; 52:1458–65.

35. Marin  B, Thiébaut  R, Bucher  HC, et  al. Non-AIDS-defining deaths and im-
munodeficiency in the era of combination antiretroviral therapy. AIDS 2009; 
23:1743–53.

36. Borges AH, Silverberg MJ, Wentworth D, et al. Predicting risk of cancer during 
HIV infection: the role of inflammatory and coagulation biomarkers. AIDS 2013; 
27:1433–41.

37. Caccuri  F, Muraro  E, Gloghini  A, et  al. Lymphomagenic properties of a HIV 
p17 variant derived from a splenic marginal zone lymphoma occurred in a HIV-
infected patient. Hematol Oncol 2019; 37:176–84.

38. Lesosky M, Glass T, Rambau B, et al. Bias in the estimation of cumulative viremia 
in cohort studies of HIV-infected individuals. Ann Epidemiol  2019; 38:22–7.

39. Shiels  MS, Copeland  G, Goodman  MT, et  al. Cancer stage at diagnosis in pa-
tients infected with the human immunodeficiency virus and transplant recipients. 
Cancer 2015; 121:2063–71.

40. Anell  A, Glenngård  AH, Merkur  S. Sweden health system review. Health Syst 
Transit 2012; 14:1–159.

https://doi.org/10.1093/cid/ciaa413
https://doi.org/10.1093/cid/ciaa1046

