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Background.  Limited data exist examining the association between incident cancer and cumulative integrase inhibitor (INSTI) 
exposure.

Methods.  Participants were followed from baseline (latest of local cohort enrollment or January 1, 2012) until the earliest of first 
cancer, final follow-up, or December 31, 2019. Negative binomial regression was used to assess associations between cancer inci-
dence and time-updated cumulative INSTI exposure, lagged by 6 months.

Results.  Of 29 340 individuals, 74% were male, 24% were antiretroviral treatment (ART)-naive, and median baseline age was 44 
years (interquartile range [IQR], 36–51). Overall, 13 950 (48%) individuals started an INSTI during follow-up. During 160 657 person-
years of follow-up ([PYFU] median 6.2; IQR, 3.9–7.5), there were 1078 cancers (incidence rate [IR] 6.7/1000 PYFU; 95% confidence 
interval [CI], 6.3–7.1). The commonest cancers were non-Hodgkin lymphoma (n = 113), lung cancer (112), Kaposi’s sarcoma (106), 
and anal cancer (103). After adjusting for potential confounders, there was no association between cancer risk and INSTI exposure (≤6 
months vs no exposure IR ratio: 1.15 [95% CI, 0.89–1.49], >6–12 months; 0.97 [95% CI, 0.71–1.32], >12–24 months; 0.84 [95% CI, 0.64–
1.11], >24–36 months; 1.10 [95% CI, 0.82–1.47], >36 months; 0.90 [95% CI, 0.65–1.26] [P = .60]). In ART-naive participants, cancer in-
cidence decreased with increasing INSTI exposure, mainly driven by a decreasing incidence of acquired immune deficiency syndrome 
cancers; however, there was no association between INSTI exposure and cancer for those ART-experienced (interaction P < .0001).

Conclusions.  Cancer incidence in each INSTI exposure group was similar, despite relatively wide CIs, providing reassuring 
early findings that increasing INSTI exposure is unlikely to be associated with an increased cancer risk, although longer follow-up 
is needed to confirm this finding.
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Since the introduction of antiretroviral therapy (ART), human 
immunodeficiency virus (HIV) has been transformed into a 

manageable, chronic condition, with life expectancy of people 
with HIV (PWH) approaching that of the general population, 
although this varies across subgroups of the population [1–4]. 
However, with an aging population of PWH, there has been an 
increase in the burden of comorbidities, including cancer [3, 5, 
6]. Because ART use is lifelong, it is crucial to identify any as-
sociations between ART exposure and the risk of comorbidities 
[7–9].

Cancer is one of the leading causes of death amongst PWH 
[6, 10, 11]. Since the introduction of ART, the incidence of ac-
quired immune deficiency syndrome (AIDS)-defining cancers 
(ADCs) has significantly decreased. However, there has been 
an increase in the incidence of non-ADCs (NADCs) reported, 
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which may be partly attributable to the aging of PWH [3, 5, 6, 
11–13]. Several studies have assessed the association between 
ART use and cancer risk, although there are limited data as-
sessing newer antiretrovirals (ARVs), such as second-gener-
ation integrase strand transfer inhibitors (INSTIs). Although 
previous studies have reported an increased risk of anal cancer 
with exposure to protease inhibitors (PIs), no other associ-
ations between ART and NADCs have been reported [14, 15]. 
In contrast, increasing ART exposure has been shown to be 
associated with a decreasing risk of ADCs, related to improve-
ments in immune function and viral suppression [13, 16, 17].

Incident cancer and cumulative integrase inhibitors are re-
commended in international HIV treatment guidelines as first-
line treatment for PWH [7–9]. Studies have shown that INSTIs 
are generally well tolerated and effective in maintaining viral 
suppression [18–21]. Given that INSTIs are a relatively new 
drug class, there are limited data assessing long-term clin-
ical outcomes associated with INSTI use, such as cancer. The 
association between raltegravir (RAL) and the incidence of 
any cancer has previously been investigated in 2 large cohort 
studies, with mixed results shown [17, 22]. However, to the best 
of our knowledge, no studies have examined newer INSTI use 
more broadly by also including cobicistat-boosted elvitegravir 
(EVG/c) and dolutegravir (DTG). We aimed to assess whether 
there was an association between INSTI use and the incidence 
of cancer, among PWH in real-life settings in the International 
Cohort Consortium of Infectious Diseases (RESPOND).

METHODS

Study Design and Setting

Participants included in this analysis were from RESPOND, 
which is a collaboration, initiated in 2017, including approx-
imately 30  000 PWH from 17 cohorts across Europe and 
Australia [23]. Clinical and demographic data are collected on 
participants in RESPOND during routine clinical care and re-
ported at the time of enrollment into RESPOND and prospec-
tively annually thereafter. Data are also retrospectively collected 
on the 5 years before enrollment, and earlier if available. Data 
on clinical events, including cancers, are collected in real time. 
All of these events that occur during the validation period (12 
months before the last local cohort visit before RESPOND 
enrollment and onwards) are reported using a case report 
form. These events are centrally validated by clinicians at the 
RESPOND coordinating center using a prespecified algorithm 
[24]. RESPOND therefore includes a mixture of validated and 
nonvalidated events, and sensitivity analyses in RESPOND are 
performed including validated events only.

Patient Consent Statement

Ethics approval for RESPOND is the responsibility of each 
participating site or cohort, and it includes ensuring that all 

necessary documents and approvals by ethics committee (in-
stitutional review board or independent ethics committee) 
are obtained according to local or national regulations be-
fore initiating study-related activities and in case of any future 
amendments to the study protocol. Participants consent to share 
data with RESPOND according to local requirements. Enrolled 
participants are pseudonymized by assigning a unique identi-
fier by the participating cohort before data transfer. According 
to national or local requirements, all cohorts in RESPOND 
have approval to share data with RESPOND. Data are stored 
on secure servers at the RESPOND coordinating center in 
Copenhagen, in accordance with current legislation and under 
approval by The Danish Data Protection Agency (approval 
number 2012-58-0004, RH-2018-15, 26/1/2018), under the EU 
General Data Protection Regulation (2016/679).

Participants

The inclusion criteria for RESPOND are detailed elsewhere 
[23]. For this analysis, participants in RESPOND were included 
if they were aged 18 years or older at baseline, defined as the 
latest of local cohort enrollment and January 1, 2012, and had a 
CD4 cell count and viral load (VL) measurement either 1 year 
before or within 12 weeks after baseline. Individuals were ex-
cluded if they had missing information on gender or no fol-
low-up data. Cohorts in RESPOND with low event reporting at 
the initiation of the project were excluded.

Outcome Definition

The primary outcome was any incident cancer during follow-up. 
Precancers (including cervical and anal dysplasia and carci-
noma in situ), relapse of a primary cancer, and nonmelanoma 
skin cancers were not included. More detail on the cancer def-
inition is provided in the RESPOND manual of operations 
[24]. Individuals were followed from baseline until first cancer 
event, final follow-up, or December 31, 2019 (administrative 
censoring date), whichever occurred first. Individuals who had 
cancer before baseline were included in the main analysis. For 
these individuals, cancer during follow-up was counted if the 
type of cancer was different from the one that occurred before 
baseline. A sensitivity analysis was performed excluding indi-
viduals with any cancer before baseline.

Definitions of Potential Confounders

The following variables were considered as potential 
confounders in the analysis: age, gender, ethnicity, body mass 
index (BMI), smoking status, geographical region, HIV risk ac-
quisition group, ART-experience and VL status, current CD4 cell 
count, CD4 cell nadir, prior AIDS-defining events, hepatitis C, 
hepatitis B, and prior comorbidities including hypertension, di-
abetes, cancer, end-stage liver and renal disease, cardiovascular 
disease, chronic kidney disease, and dyslipidemia. Definitions 
of all variables are provided in the Table 1 footnote.
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Table 1.  Characteristics of Participants at Baseline

Characteristics 

Overall

n (%) 

Total 29 340 (100)

Gender Male 21 818 (74.4)

Female 7478 (25.5)

Transgender 44 (0.1)

Ethnicitya White 20 419 (82.8)

Black 2983 (12.1)

Other 1267 (5.1)

Body Mass Index (kg/m2)a <18.5 873 (4.6)

18.5–<25 11 321 (59.9)

25–<30 1547 (8.2)

30+ 5159 (27.3)

Geographical Regionb Western Europe 12 810 (43.7)

Southern Europe 6626 (22.6)

Northern Europe 7069 (24.1)

Eastern Europe 2832 (9.7)

HIV Riska MSM 13 229 (47.0)

IDU 3993 (14.2)

Heterosexual 10 253 (36.4)

Other 654 (2.3)

ART History ART naive 7172 (24.4)

ART experienced, VL <200 cps/mL 19 951 (68.0)

ART experienced, VL ≥200 cps/mL 2217 (7.6)

Smoking Statusa Never 8207 (44.0)

Current 8196 (43.9)

Previous 2261 (12.1)

Hepatitis Ca,c 5940 (23.6)

Hepatitis Ba,d 1340 (5.5)

Prior hypertensiona,e 5683 (23.5)

Prior diabetesa,f 1170 (5.0)

Prior AIDSa 5785 (20.9)

Prior cancera 1742 (6.1)

Prior end-stage liver diseasea 184 (0.9)

Prior end-stage renal diseasea 102 (0.4)

Prior cardiovascular diseasea,g 666 (2.5)

Prior chronic kidney diseasea,h 541 (2.0)

Prior dyslipidemiaa,i 17 984 (82.5)

Baseline date, month/year, median (IQR) 01/12 (01/12–02/13)

Age, years, median (IQR) 44.3 (36.2–51.3)

CD4 cell nadir, cells/mm3,j, median (IQR) 241.0 (120.0–384.0)

CD4 at baseline, cells/mm3,j, median (IQR) 524.0 (357.0–715.0)

Viral load at baseline, cps/mL, median (IQR) 39.0 (19.0–2228.5)

Total duration of previous ART, years, median (IQR) 7.7 (3.0–13.9)

Abbreviations: AIDS, acquired immune deficiency syndrome; ART, antiretroviral therapy; cps, copies; HIV, human immunodeficiency virus; IDU, intravenous drug user; INSTI, integrase inhib-
itor; IQR, interquartile range; MSM, men who have sex with men; VL, viral load.
bDue to small numbers, Australia was combined with Northern Europe, and Eastern Central Europe combined with Eastern Europe.
cHepatitis C (HCV) was defined by use of anti-HCV medication, a positive HCV antibody test, a positive HCV RNA qualitative test, HCV RNA-VL >615 IU/mL, and/or a positive genotype test [25].
dHepatitis B (HBV) was defined by a positive HBV surface antigen and/or HBV RNA-VL >357 IU/mL.
eHypertension was confirmed by use of antihypertensives at any time before regimen start or if the most recent systolic or diastolic blood pressure measurement before regimen start was 
higher than 140 or 90 mmHg, respectively.
fDiabetes was defined by a reported diagnosis, use of antidiabetic medication, glucose ≥11.1 mmol/L, and/or HbA1c ≥6.5% or ≥48 mmol/mol.
gCardiovascular disease (CVD) was defined using a composite diagnosis of myocardial infarction, stroke, or invasive cardiovascular procedure.
hChronic kidney disease (CKD) was confirmed if there were 2 consecutive measurements of estimated glomerular filtration rate (eGFR) <60 mL/min/1.73 m2 measured at least 3 months 
apart. eGFR was calculated using the CKD-EPI creatinine equation [26].
iDyslipidemia was defined as total cholesterol >239.4 mg/dL or HDL cholesterol <34.7 mg/dL or triglyceride >203.55 mg/dL or use of lipid-lowering treatments [27].
jCD4 and CD8 cell counts were taken as the most recent measurements in the 12 months before baseline. If no measurements were taken before baseline, the first measurement within 
12 weeks after baseline was used, and CD4 cell nadir was recorded as the same as CD4 cell count at baseline.
aDenominator for percentages is all participants with nonmissing data.

NOTES: Total unknown no. (%): ethnicity 4671 (15.9), body mass index 10 440 (35.6), smoking status 10 676 (36.4), HIV risk 1211 (4.1), HCV 4145 (14.1), HBV 4853 (16.5), hypertension 5126 
(17.5), diabetes 6116 (20.8), prior AIDS 1594 (5.4), prior cancer 610 (2.1), prior end-stage liver disease 9143 (31.2), prior end-stage renal disease 2480 (8.5), prior CVD 2865 (9.8), prior CKD 
2865 (9.8), dyslipidemia 7543 (25.7).
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Statistical Methods

Participant follow-up was divided into consecutive monthly 
periods. Cumulative exposure to each ARV was calculated at 
the start of each month, by summing any prior exposure to each 
ARV, as per previous analyses performed by the Data Collection 
on Adverse events of Anti-HIV Drugs (D:A:D) cohort study 
[27, 28]. Time-updated confounders were also calculated for 
each participant-month using last observation carried forward.

The crude incidence of any cancer was calculated by INSTI 
exposure, with exposure grouped as no exposure, ≤6 months 
exposure, >6 months–1 year exposure, >1–2 years exposure, 
>2–3 years exposure, and >3 years exposure. Those with no ex-
posure were naive to INSTIs. Because cancer is a slow devel-
oping event, it is unlikely that the current cancer risk can be 
attributable to the current exposure of any ART, if use has only 
been short. Therefore, INSTI exposure was lagged by 6 months 
in all analyses. Furthermore, this approach reduces any poten-
tial confounding by indication, where individuals at higher risk 
of cancer or with underlying symptoms but without a clinical 
diagnosis may be preferentially given INSTIs, due to their pre-
sumed favorable safety profile or better efficacy [8, 29].

The association between the incidence of any cancer and 
lagged cumulative exposure to INSTIs, adjusted for potential 
confounders, was assessed using negative binomial regression 
with generalized estimating equations and robust standard 
errors. Each potential confounder listed above was added to a 
univariable model, and those with P < .1 or those defined to be 
a confounder a priori were included in multivariable models. To 
ensure we did not include variables that may lie on the causal 
pathway between INSTI exposure and cancer risk, all variables 
were fixed at baseline, apart from smoking status that was in-
cluded as time-updated.

Analyses were repeated only including validated cancer 
events and analyzing ADCs (Kaposi’s sarcoma, non-Hodgkin 
lymphoma, cervical cancer) and NADCs separately.

Participants in RESPOND were INSTI-naive at enrollment; 
therefore, those on INSTIs started the INSTIs during follow-up. 
Thus, we performed a sensitivity analysis including only parti-
cipants who started any new ART after baseline, regardless of 
whether INSTIs were included, and redefined baseline as the 
date of regimen start.

A priori, subgroup analyses were planned to investigate 
whether the association between INSTI exposure and cancer in-
cidence differed between age groups, by baseline smoking status, 
by prior CD4 nadir, or between those who were ART-naive at 
baseline compared with those who were ART-experienced with 
a VL <200 or ≥200 copies/mL. These were performed by in-
cluding an interaction term in the multivariable regression 
model between INSTI exposure and the subgroup of interest.

Finally, to investigate the potential for confounding by indi-
cation, we calculated the proportion of those with cancer who 

switched their ART regimen within 1 year after cancer diag-
nosis and compared this between drug classes.

Missing data for categorical variables were accounted for by 
including an unknown category. Sensitivity analyses were per-
formed using complete case analysis where individuals with 
missing data on any variables included in the multivariable 
model were excluded.

Analyses were performed using Stata/MP 16.1 (StataCorp 
LLC). All P values are 2 sided and P < .05 was defined as statis-
tically significant.

RESULTS

Of 30 975 eligible RESPOND participants, 29 340 (94.7%) were 
included. A higher proportion of those excluded were ART-
naive (41.8% vs 24.4%, P < .0001) and a lower proportion had 
a prior CD4 nadir <200 cells/mm3 (17.6% vs 40.6%, P < .0001) 
and prior comorbidities (53.6% vs 71.3%, P < .0001). Figure 1 
shows the study flow for this analysis.

Baseline characteristics of individuals included are shown 
in Table 1. Of 29  340 individuals included, 74% were male, 
83% were of white ethnicity, 24% were ART-naive, and 68% 
were ART-experienced with a VL <200 copies/mL. A similar 
proportion of individuals were never smokers and current 
smokers (44% never smoked, 44% current smokers, 12% pre-
vious smokers). Median age was 44 years (interquartile range 
[IQR], 36–51) and median CD4 cell count was 524 cells/mm3 
(IQR, 357–715). Overall, 21% of individuals had a prior AIDS-
defining event and there was a high proportion of comorbidities 
including prior cancer (6%), diabetes (5%), and hypertension 
(24%).

By the end of follow-up, 13 950 (48%) individuals had been 
exposed to 1 or more INSTIs: 8607 to DTG, 3328 EVG/c, 3266 
RAL, and 845 bictegravir (BIC). For those exposed to INSTIs, 
median cumulative exposure was 32 months (IQR, 16–47) 
and highest on DTG (DTG 29 [IQR, 14–43], EVG/c 27 [IQR, 
15–41], RAL 22 [IQR, 9–45], BIC 4 [IQR, 2–6]). The most 
common other third drugs prescribed were efavirenz (n = 11 
636; median cumulative exposure 59 [18–114] months), 
boosted darunavir (n = 8324; median cumulative exposure 41 
[IQR, 17–49] months), ritonavir-boosted lopinavir (n = 7990; 
median cumulative exposure 43 [IQR, 15–89] months), and any 
atazanavir (n = 7221; median cumulative exposure 56 [IQR, 
21–95] months).

During 160 657 person-years of follow-up ([PYFU] median 
6.2 years [IQR, 3.9–7.5]), there were 1078 incident cancers (in-
cidence rate [IR] 6.7/1000 PYFU; 95% confidence interval [CI], 
6.3–7.1]): 243 AIDS and 835 non-AIDS cancers. The commonest 
cancers were non-Hodgkin lymphoma (n = 113, 10.5%), lung 
cancer (n = 112, 10.4%), Kaposi’s sarcoma (n = 106, 9.8%), and 
anal cancer (n = 103, 9.6%) (Supplementary Table 1).

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofac029#supplementary-data
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The crude incidence of any cancer was similar for those with 
no exposure to INSTIs compared to those with any exposure to 
INSTIs, and this remained the case after adjusting for poten-
tial confounders (≤6 months exposure vs no exposure-adjusted 
IRR: 1.15 [95% CI, 0.89–1.49], >6–12 months; 0.97 [95% CI, 
0.71–1.32], >12–24 months; 0.84 [95% CI, 0.64–1.11], >24–36 
months; 1.10 [95% CI, 0.82–1.47], >36 months; 0.90 [95% CI, 
0.65–1.26] [P = .60]; P value for trend .56) (Figure 2).

There was a significant interaction between INSTI exposure 
and baseline ART experience (interaction P < .0001). For those 
ART-naive at baseline (n = 7172, 228 cancers), the adjusted 
cancer incidence decreased as cumulative INSTI exposure in-
creased, and this was mainly driven by a decreasing incidence 
of ADCs (Figure 3). In contrast, for those ART-experienced 
with a suppressed VL (n = 19 951, 770 cancers) or with uncon-
trolled viremia (n = 2217, 80 cancers), the incidence of cancer 
was similar across all INSTI exposure categories. There was no 

interaction between INSTI exposure and age, CD4 cell nadir, or 
baseline smoking status (interaction P > .1 for all).

Analyses were repeated separately for ADCs and NADCs 
among all participants; results were similar for NADCs showing 
no association between INSTI exposure and the incidence of 
NADCs (≤6 months exposure vs no exposure aIRR: 1.22 
[95% CI, 0.90–1.65], >6–12 months; 1.25 [95% CI, 0.89–1.74], 
>12 < 24 months; 1.11 [95% CI, 0.84–1.48], >24–36 months; 
1.31 [95% CI, 0.95–1.80], >36 months; 1.16 [95% CI, 0.82–1.65] 
[P = .32]). However, the incidence of ADCs decreased as INSTI 
exposure increased, compared to those with no INSTI exposure 
(≤6 months exposure vs no exposure aIRR: 0.86 [95% CI, 0.52–
1.43], >6–12 months; 0.31 [95% CI, 0.13–0.77], >12–24 months; 
0.22 [95% CI, 0.09–0.53], >24–36 months; 0.56 [95% CI, 0.28–
1.15], >36 months; 0.25 [95% CI, 0.08–0.78] [P = .0002]).

Analyses were rerun only including centrally validated cancer 
events. Because the study validation period started after January 

Included in RESPOND 
n = 33 185 

Eligible for inclusion 
n = 30 975  

Excluded n = 2210*: 
Started an INSTI before latest of cohort enrollment and 
1 January 2012, n = 652  
Age <18 at baseline, n = 46  
Cohorts with incomplete event data, n = 1558 

Excluded n = 1635*: 
Missing gender, n = 7 
No CD4 or VL measurement in 12 months prior to or 
within 12 weeks after baseline, n = 1393 
No follow-up data, n = 248 

Included in analysis 
n = 29 340 

Started an INSTI during follow-up 
n = 13 950 (48%) 

Did not start an INSTI during follow-up 
n = 15 390 (52%) 

Figure 1.  Study flow. ∗More than 1 reason can apply. INSTI, integrase inhibitor; VL, viral load.
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1, 2015 for 86% of participants and INSTIs were not widely used 
before this date, this analysis was left censored at the start of 
the validation period, January 1, 2015. Of the 1078 cancers ex-
perienced during follow-up, 502 (395 NADCs, 107 ADCs) oc-
curred after this date and were validated, during 65 073 PYFU 
(IR 7.7/1000 PYFU; 95% CI, 7.1–8.4). Results were similar to 
the overall analysis (P = .06) (Table 2).

Analyses were also repeated only including individuals who 
started a new ART during follow-up. This analysis included 
20  782 individuals and 574 events during 75  566 PYFU (IR 
7.6/1000 PYFU [7.0–8.2]), and it showed no association be-
tween cancer incidence and INSTI exposure (P = .28) (Table 2).

Further sensitivity analyses excluding individuals with any 
cancer before baseline, adjusting for cumulative time spent with 

Cumulative INSTI exposure No persons PYFU 

0 Months 29 340 127 132 

<6 Months 12 508 7370 

6 – <12 Months 11 061 5835 

12 – <24 Months 9770 9000 

24 – <36 Months 7110 5965 

≥36 Months 4480 5355 

No events 

830 

63 

42 

57 

49 

37 

0.5 0.75 

Favors INSTIs 

1 

IRR 

1.5 

Favors non-INSTIs 

IRR (95% CI) 

1.15 (0.89–1.49) 

1

0.97 (0.71–1.32) 

0.84 (0.64–1.11) 

1.10 (0.82–1.47) 

0.90 (0.65–1.26) 

2.0 

Figure 2.  Association between any cancer risk and cumulative exposure to integrase strand transfer inhibitors (INSTIs), adjusted for potential confounders. Incidence 
rate ratio (IRR) adjusted for age, sex, ethnicity, human immunodeficiency virus risk group, antiretroviral treatment experience, CD4 cell count, CD4 nadir, body mass index, 
geographical region, hepatitis B, prior diabetes, prior acquired immune deficiency syndrome, prior cancer, prior chronic kidney disease, prior cardiovascular disease, prior end-
stage liver disease (all fixed at baseline), smoking status (time updated). Note, INSTI exposure is lagged by 6 months. CI, confidence interval; PYFU, person years of follow-up. 
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Figure 3.  Adjusted incidence of cancer, by integrase inhibitor (INSTI) exposure compared to no exposure, stratified by antiretroviral treatment (ART)-experience at base-
line. Incidence rate ratio (IRR) calculated from a negative binomial regression model, adjusted for the same confounders as the main analysis, and including an interaction 
term between INSTI exposure and ART-experience at baseline. ADC, acquired immune deficiency syndrome (AIDS)-defining cancers; NADC, non-AIDS-defining cancers; VL, 
viral load. 
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a CD4 count <200 cells/mm3 in the primary model, and using 
complete case analysis to account for missing data, all showed 
similar results to the overall analysis (Table 2). Findings were 
also similar when subdividing cancers into infectious, smoking, 
and BMI-related cancers, although there was less statistical 
power for this analysis (data not shown).

Finally, to explore whether individuals with cancer are pref-
erentially given INSTIs, we calculated the proportion of indi-
viduals who switched ART within 1 year after cancer diagnosis. 
Of 1078 individuals with cancer, 337 (31.3%) switched ART 
within 1 year. The majority of these switched to an INSTI (62% 
switched to INSTIs, 14% switched to nonnucleoside reverse-
transcriptase inhibitors, 14% switched to PIs, 10% switched to 
other).

DISCUSSION

In this analysis including almost 30 000 PWH and over 1000 
cancer events, we found no overall association between cumu-
lative INSTI exposure and cancer risk. This is one of the first 
studies assessing the association between INSTI use and cancer 
in real-life settings and using centrally validated events. Incident 
cancer and cumulative integrase inhibitor use is becoming in-
creasingly widespread because INSTIs are recommended as 
first-line treatment for PWH [7, 8], and, because cancer inci-
dence is increasing among the aging population of PWH, it is 
of vital importance to identify potential risk factors for cancer, 
including the impact of different ARVs. Such analyses require 
substantial power and follow-up time, limiting the availability 
of high-quality data. In addition, studies have shown that other 
risk factors for cancer, such as smoking, coinfections, and a low 
CD4 cell count, are more prevalent in PWH [30]. For these 
reasons, our results showing no increased risk of NADCs and 
a lower risk of ADCs on INSTIs are reassuring for PWH and 
clinicians. However, we do acknowledge that we cannot rule out 
the possibility that cancer risk differs among individual INSTIs, 
which we were not able to look at. In addition, because the 95% 
CIs for the cancer IRR in each INSTI exposure group were rel-
atively wide, we cannot rule out a clinically meaningful effect 
of INSTI exposure on cancer risk, although there was no indi-
cation of a gradual change in cancer incidence with increasing 
exposure to INSTIs.

Subgroup analysis showed that for individuals who were 
ART-experienced at baseline, there was no association between 
INSTI exposure and cancer incidence; however, for those who 
were ART-naive, cancer incidence decreased with increasing 
INSTI exposure, which was mainly driven by a decreasing in-
cidence of ADCs. Many studies have previously shown that 
initiating ART for PWH who are ART-naive can lead to a 
drastic reduction in the incidence of AIDS events, including 
ADCs, due to improvements in immune function and viral 
suppression [31–33]. Our results are likely showing the impact 

of starting an effective ART-regimen in those who are naive, 
rather than being specific to INSTIs, although INSTIs have been 
shown to be particularly effective at quickly improving immune 
function and lowering viremia [18–21].

Previous studies have assessed the association between RAL 
and the risk of cancer, with mixed results. The EuroSIDA study 
[17] and a study conducted at Kaiser Permanente (KP) in 
California [22] both compared the risk of all cancers between 
a cohort of PWH treated with RAL after 2007, a cohort starting 
ART between 2005 and 2007, and a cohort starting an ART reg-
imen after 2007 not containing RAL. Although the EuroSIDA 
study showed a similar incidence of all cancers in the 3 cohorts 
[17], the study conducted at KP found an increased risk of 
NADCs and ADCs for those treated with RAL compared with 
the other 2 cohorts [22]. In addition, a meta-analysis combining 
96-week data from the BENCHMRK and STARMRK clinical 
trials showed a similar risk of cancer on RAL versus the com-
parator (efavirenz or placebo) [34], although 96 weeks of fol-
low-up is potentially too short to capture the development of 
malignancies. Studies that have shown a carcinogenic effect of 
other drugs have included a wide range of follow-up times: for 
example, a meta-analysis showing the effect of azathioprine on 
lymphoma risk included studies with median follow-up ranging 
from 2.8 years to 9 years [35], and a meta-analysis including 54 
studies found an increased risk of breast cancer up to 10 years 
after stopping hormonal contraceptive use [36].

To the best of our knowledge, there are no data assessing 
cancer incidence with use of EVG/c, DTG, and BIC, or as-
sessing INSTIs as a class, in real-life settings. Our findings are 
in line with early animal trials of INSTIs where none of the in-
dividual INSTIs showed signs of displaying any carcinogenic 
effect [37–40].

There are some limitations to this analysis. First, although 
we were able to include over 1000 cancers, there were still too 
few events to assess the association between cancer risk and 
use of individual INSTIs or to investigate the impact on in-
dividual cancers. As has been seen with the increased risk of 
anal cancer with long-term use of PIs, associations between 
ART and cancers may differ between specific cancer types [14, 
15]. Median exposure to INSTIs was 32 months, which may 
have been too short to detect a signal, given that cancers can 
take many years to develop. To be included in RESPOND, co-
horts providing data from a sample of their participants are 
requested to include at least half using INSTIs, which may not 
be representative of the general population of PWH in Europe 
and Australia. The date of cancer diagnosis in RESPOND is 
reported as the date cancer is confirmed through a biopsy, if 
available. It is possible that on first suspicion of cancer, a cli-
nician may switch an individual’s ART to ensure there are few 
interactions with chemotherapy; we lagged analyses to address 
this potential bias. There are also some missing data in some 
cohorts in RESPOND for key variables: for example, 36% of 
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participants are missing smoking status, and although we have 
adjusted for key confounders in our analysis, we cannot exclude 
the possibility of unmeasured confounding or confounding by 
indication. We have explored the possibility of confounding 
by indication through a range of methods, including lagging 
INSTI exposure, assessing which treatments individuals switch 
to after cancer diagnosis, and only including individuals who 
switched treatment during follow-up to exclude those on long-
term stable ART, all with consistent results. However, other 
statistical methods such as inverse probability weighting may 
have been more effective at addressing this limitation. Finally, 
because individuals in RESPOND starting INSTIs must do so 
during follow-up, and this is not the case for other ARV drug 
classes, we were unable to directly compare cancer incidence in 
those starting INSTIs to those starting non-INSTIs among the 
RESPOND population.

There are also several strengths to this analysis. RESPOND is 
a large cohort with data from real-world settings across Europe 
and Australia. Events in RESPOND are rigorously collected, and 
a subset are centrally validated by clinicians at the RESPOND 
coordinating center using prespecified algorithms.

CONCLUSIONS

In conclusion, there was no association between the risk 
of cancer and cumulative exposure to INSTIs among ART-
experienced PWH. The risk of cancer decreased with increasing 
exposure to INSTIs among ART-naive individuals, which was 
mainly driven by a decreasing incidence of ADCs.

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 corre-
sponding author.
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