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Abstract

Objectives

To compare virologic and immunologic outcomes of integrase inhibitor (INSTI)-containing,
contemporary boosted protease inhibitor (PI/b)-containing and non-nucleotide reverse tran-
scriptase inhibitor (NNRTI)-containing regimens in a real-life setting.
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Methods

Using logistic regression, virologic and immunologic outcomes of INSTI use were compared
to outcomes of PI/b or NNRTI treatment 12 months after treatment start or switch, for partici-
pants in the RESPOND cohort consortium. A composite treatment outcome (cTO) was
used, defining success as viral load (VL) <200 copies/mL and failure as at least one of: VL
>200 copies/mL, unknown VL in the time window, any changes of antiretroviral therapy
(ART) regimen, AIDS, or death. In addition, on-treatment analysis including only individuals
with known VL and no regimen changes was performed. Favorable immunologic response
was defined as a 25% increase in CD4 count or as reaching >750 CD4 cells/pL.

Results

Between January 2012 and January 2019, 13,703 (33.0% ART-naive) individuals were
included, of whom 7,147 started/switched to a regimen with an INSTI, 3,102 to a Pl/b and
3,454 to an NNRTI-containing regimen. The main reason for cTO failure in all treatment
groups were changes in ART regimen. Compared to INSTIs, the adjusted odds ratio (aOR)
of cTO success was significantly lower for Pl/b (0.74 [95% confidence interval, Cl 0.67—
0.82], p <0.001), but similar for NNRTIs (1.07 [C1 0.97-1.17], p = 0.11). On-treatment analy-
sis and sensitivity analyses using a VL cut-off of 50 copies/mL were consistent. Compared
to INSTIs, the aORs of a 25% increase in CD4 count were lower for NNRTIs (0.80 [Cl 0.71—
0.91], p<0.001) and PI/b (0.87 [CI 0.76—0.99], p = 0.04).

Conclusion

In this large analysis of a real-world population, cTO and on-treatment success were similar
between INSTIs and NNRTIs, but lower for PI/b, though residual confounding cannot be
fully excluded. Obtaining favorable immunologic outcomes were more likely for INSTIs than
the other drug classes.

Introduction

Integrase inhibitors (INSTIs) have excelled in randomized clinical trials (RCTs) by showing
potent and swift suppression of human immunodeficiency virus (HIV), good short-term drug
safety and tolerability, and, for second generation INSTTs, high genetic barriers to resistance
[1-7]. In turn, this has led to INSTI-based regimens being recommended as first-line antire-
troviral therapy (ART) by European, North American and WHO guidelines, above or along-
side contemporary ritonavir- or cobicistat-boosted protease inhibitor (PI/b)-containing and
non-nucleotide reverse transcriptase inhibitor (NNRTI)-containing regimens [8-12]. How-
ever, RCTs typically enroll only a modestly sized and selected study population, where females,
individuals with high HIV viral loads (VLs), low CD4 counts, comorbidities or coinfections
are commonly underrepresented. Results from RCT's should therefore be complemented by
investigations from large, heterogeneous, real-life, observational studies, ensuring that findings
from RCT's are generalizable to the majority of people living with HIV (PLWH).

In this study we analysed virologic and immunologic outcomes of INSTI-containing regi-
mens compared to contemporary PI/b- and NNRTI-containing regimens within the large het-
erogenous RESPOND cohort consortium.
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Methods

Study design

The RESPOND cohort consortium (https://chip.dk/Studies/RESPOND) was initiated in 2017
as an international collaboration between 17 pre-existing, prospective European and Austra-
lian based cohorts of HIV-1 positive participants (see S1 Appendix for RESPOND inclusion/
exclusion criteria). At present, the RESPOND consortium follows >29,000 PLWH.

The Outcomes Study under the consortium was formed to investigate use and outcomes of
treatment with contemporary ART [13]. Information systematically collected on all partici-
pants includes demographics (e.g. age, sex and ethnicity), HIV related variables (e.g. VL, CD4
counts, route of HIV acquisition and AIDS events), detailed information on ART use and rea-
sons for discontinuation, laboratory measures (e.g. creatinine, liver transferases and glucose),
comorbidities (e.g. diabetes, hypertension and viral hepatitis coinfections) [14]. In addition,
incident clinical events including cancer, cardiovascular, renal and liver disease are reported
on designated forms and centrally validated. All collected data is transferred electronically to
RESPOND, and undergoes extensive quality assessments [14].

Ethics

All studies carried out within the RESPOND consortium are conducted according to the Dec-
laration of Helsinki and the requirements of Good Clinical Practice (GCP) as defined in the
European Union’s (EU) GCP Directive. All data supplied to RESPOND follows local or
national guidelines as appropriate, and enrolled participants are pseudonymized by assign-
ment of a unique identifier, by the participating cohort before data transfer. As data controller,
the Coordinating Centre (CC) located within the Danish Capital Region of Copenhagen,
Denmark, stores, shares and protects data in accordance with current legislation and under
approval by The Danish Data Protection Agency (j.nr.: RH-2018-15, 26/1/2018), currently
under the EU’s General Data Protection Regulation (EU) 2016/679.

RESPOND is registered at Clinicaltrials.gov (Identifier: NCT04090151).

Inclusion criteria

For this specific analysis, we included ART-naive and -experienced individuals, aged over 18
years who started or switched to an INSTI, PI/b or NNRTI-containing regimen with at least
three antiretroviral drugs (ARVs). The eligible regimen was started between January 2012 and
January 2019, and all included had a CD4 count and VL measured in the 12 months before or
3 months after treatment start/switch (baseline). Treatment-experienced individuals were
naive to the specific third agent they started when eligible for inclusion (e.g. an individual
switching to darunavir had not previously been treated with darunavir).

Definition of outcomes

All outcomes were assessed 12 months after baseline. The VL and CD4 count closest to this
time were used, allowing a maximum time window of 3 months to either side (12+3 months).
To estimate the durability of regimens, a composite treatment outcome (cTO) was used,

defining treatment success as VL <200 copies(cp)/mL and failure as occurrence of at least
one of either: VL >200 copies (cp)/mL, unknown VL in the time window, any ART regimen
change, AIDS event, or death. Switching from a multi-tablet combination regimen to a single-
tablet combination regimen including the same agents, or vice versa, was not considered as a
regimen change. Conversely, switch to a two-drug regimen and/or any changes in individual
regimen components were viewed as regimen changes (e.g. if tenofovir disoproxil fumarate
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[TDF] was changed to tenofovir alafenamide [TAF], it was regarded as a treatment change, as
it could be related to drug toxicity).

Sensitivity analyses tested the robustness of the cTO by excluding either individuals with
unknown VL values within the time widow or those with any regimen change. Furthermore,
an analysis which did not define changes in the NRTI backbone as a regimen change was
performed.

Additionally, the efficacy of the regimens to control HIV (VL <200 cp/mL) was estimated
using on-treatment analysis, including only individuals with a known VL at 1243 months and
no regimen changes within the period.

The use of a VL <200 cp/mL threshold for the cTO and on-treatment analysis followed a
consensus agreement within the RESPOND virologic outcomes working group, reflecting dif-
ferences in the sensitivity of VL assays available in different cohorts. Sensitivity analyses using
a VL <50 cp/mL threshold were also performed.

A favorable immunologic response was defined as a 25% increase in CD4 count from base-
line. As individuals with high CD4 counts at baseline would presumably have lower odds of
reaching such an increase, we also defined a favorable immunologic response as reaching CD4
count >750 cells/uL (excluding those with CD4 count >750 cells/pL at baseline), following the
rationale described in earlier work by Mocroft et al. [15].

To ascertain if there were any variations in outcomes depending on treatment status at
baseline, outcomes were determined for three pre-specified sub-groups: ART-naive individu-
als, ART-experienced individuals switching to a new ART-regimen with ongoing viremia
(>200 cp/mL), and ART-experienced individuals switching to a new ART-regimen with viro-
logic control (<200 cp/mL). Given the heterogeneity of the populations, tests for interactions
between ART-experience and treatment status at baseline for each outcome were planned a
priori.

Statistics

Descriptive statistics were summarized as frequencies and proportions with x> P-values for
categorical variables. For continuous variables, data were presented as medians and interquar-
tile ranges (IQR), with P-values from the Wilcoxon-Mann-Whitney test.

Virologic and immunologic outcomes for individuals starting/switching to an INSTI
(dolutegravir, raltegravir or cobicistat-boosted elvitegravir)-containing regimen were com-
pared to participants starting/switching to a PI/b (ritonavir- or cobicistat-boosted darunavir
or atazanavir)-containing or NNRTI (rilpivirine or efavirenz)-containing regimen, using sepa-
rate logistic regression models.

Factors considered for multivariable analyses included demographics (age, sex, and ethnic-
ity) and region of origin, categorized as West Central Europe (Austria, Belgium, France, Ger-
many, Luxembourg, Switzerland), South Europe and Argentina (Argentina, Greece, Israel,
Italy, Portugal, Spain), North Europe and Australia (Australia, Denmark, Norway, Sweden,
Finland, Iceland, Ireland, Netherlands, United Kingdom; Australia was included here based
on the small number of individuals, and similarities with the United Kingdom), East Central
Europe (Bosnia-Herzegovina, Croatia, Czech Republic, Hungary, Poland, Romania, Serbia,
Slovenia, Slovakia) and East Europe (Belarus, Estonia, Georgia, Latvia, Lithuania, Russia,
Ukraine). Other variables included HIV-related factors (VL, CD4 count, route of HIV acquisi-
tion, ART, and prior AIDS), hepatitis B and C coinfection, cardiovascular risk factors (smok-
ing status, hypertension and diabetes) and other non-AIDS events (chronic kidney disease,
end stage liver-and renal disease, cardiovascular disease, fractures and malignancies). All
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factors included in the models were decided a priori. Full lists of variables included in the spe-
cific multivariate models are shown in the figure legends.

As some cohorts did not have complete data on comorbidities, it was not possible to adjust
for both cohort and comorbidities in the same analyses, due to the risk of collinearity. There-
fore, our main analyses focused on adjusting for comorbidities as listed above, while acknowl-
edging that there was some missing data. Sensitivity analyses adjusting for cohort rather than
comorbidities were also performed.

Finally, sensitivity analyses restricted to ART-naive individuals starting treatment after 16"
January 2014 (the date dolutegravir was licensed in Europe) were performed.

All analyses were performed using SAS (Statistical Analysis Software, Cary, NC, US) version
9.4., all tests of significance were 2-sided with p<0.05 used for statistical significance and all
confidence intervals (CI) were 95%.

Results

Baseline demographics and clinical characteristics

In total, 13,703 participants were included (Table 1). Of these, 4,967 (52.2%) were treated with
an INSTI (dolutegravir 3,839, raltegravir 1,738 and elvitegravir 1,570), 3,102 (22.6%) with a PI/
b (darunavir/b 2,381, atazanavir/b 721), and 3,454 (25.9%) with an NNRTI-containing regi-
men (rilpivirine 2,508, efavirenz 946). The most common nucleos(t)ide reverse transcriptase
inhibitor (NRTI) backbone used in all three treatment groups was TDF/emtricitabine (FTC),
followed by abacavir (ABC)/lamivudine (3TC) in the INSTT and PI/b groups and TAF/FTC in
the NNRTI group. Median time since initiation of first ARV was longest for individuals in the
INSTI group (13 years [IQR 7-18]) followed by individuals in the PI/b and NNRTI groups (10
[5-16] and 8 [4-14], respectively). Likewise, the median number of ARVs previously exposed
to, was slightly higher in the INSTI group (6 [4-9]) than in the PI/b and NNRTI groups (5 [3-
8] and 5 [3-7], respectively). At baseline, ART-naive individuals constituted 26.8%, 40.2% and
41.7% of the INSTT, PI/b and NNRTI groups, respectively. There was a greater proportion of
ART-experienced individuals with VL <200 cp/mL in the INSTI group compared to the PI/b
and NNRTI groups (65.7% vs. 43.6% and 55.6%, respectively). Baseline characteristics strati-
fied by treatment status at baseline are provided in S1 Table.

Overall, 75.3% of those included were of male sex, with men who have sex with men
(MSM) being the most common route of HIV acquisition (46.1%; Table 1). The most common
region of origin was West Central Europe (53.7%), followed by South Europe and Argentina
(27.9%) and North Europe and Australia (10.9%). Median age was slightly higher in the INSTI
group than in the PI/b or NNRTI groups (48 [IQR 39-54] years vs. 43 [35-51] and 43 [36-51]
years, respectively). Median CD4 count was highest for individuals on INSTIs in comparison
with individuals on PI/b or NNRTTs (551 [IQR 359-761] cells/uL vs. 411 [230-624] or 510
[356-710] cells/pL, respectively). Furthermore, a greater proportion of current smokers, indi-
viduals with BMI >25 kg/m?, and comorbidities such as hypertension, diabetes, chronic kid-
ney disease and prior cardiovascular disease, was found in the INSTI group compared the
other two treatment groups. All p-values for all comparison of baseline characteristics between
treatment groups were < 0.001.

Virologic outcomes

The crude proportion of ¢cTO success was lowest in the PI/b group, while being fairly similar
between the INSTI and NNRTI groups (52.1% [95% CI 50.3-53.9] vs. 61.5% [60.4-62.7] and
63.7% [62.1-65.3], p <0.001 respectively; Fig 1). Similar results were seen after adjustments.
The adjusted odds ratio (aOR) of cTO success was significantly lower for PI/b compared to
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Table 1. Baseline demographics and clinical characteristics of study participants, stratified by treatment group.

All INSTI PI/b NNRTI
n % n % n % n %
13703 100.0 7147 52.2 3102 22.6 3454 25.2
Sex Female 3390 24.7 1693 23.7 936 30.2 761 22.0
Male 10313 75.3 5454 76.3 2166 69.8 2693 78.0
Ethnicity White 9625 70.2 5049 70.6 2061 66.4 2515 72.8
Other 2162 15.8 994 13.9 638 20.6 530 15.3
Unknown 1916 14.0 1104 15.4 403 13.0 409 11.8
Region South Europe and Argentina 3825 27.9 1752 24.5 943 30.4 1130 32.7
West Central Europe 7364 53.7 4121 57.7 1608 51.8 1635 47.3
North Europe and Australia 1489 10.9 885 12.4 296 9.5 308 8.9
Central East Europe 623 4.5 325 4.5 143 4,6 155 4.5
East Europe 402 2.9 64 0.9 112 3.6 226 6.5
Route of HIV acquisition MSM 6322 46.1 3377 47.3 1194 38.5 1751 50.7
IDU 1768 12.9 998 14.0 460 14.8 310 9.0
Heterosexual 4626 33.8 2213 31.0 1216 39.2 1197 34.7
Other/Unknown 987 7.2 559 7.8 232 7.5 196 5.7
Treatment experience/viral load (cp/ ART-naive 4521 33.0 1914 26.8 1248 40.2 1359 39.3
mL) ART-experienced, VL >200 cp/ | 1213 8.9 538 V25) 500 16.1 175 5.1
mL
ART-experienced, VL <200 cp/ | 7969 58.2 4695 65.7 1354 43.6 1920 55.6
mL
NRTI Backbone TDF/FTC 8158 59.5 3318 46.4 2139 69.0 2701 78.2
TAF/FTC 1116 8.1 727 10.2 33 1,1 356 10.3
ABC/3TC 3720 27,1 2692 37,7 722 23,3 306 8,9
Other 709 5.2 410 5.7 208 6,7 91 2.6
Prior AIDS Yes 2741 20.0 1606 22.5 640 20.6 495 14.3
Hepatitis B Positive 633 4.6 342 4.8 133 4.3 158 4.6
Hepatitis C Positive 2731 19.9 1598 22.4 628 20.2 505 14.6
BMI (kg/mz) <18 332 2.4 189 2.6 92 3.0 51 1.5
18-25 6143 44.8 3441 48.1 1282 413 1420 41.1
25-30 2716 19.8 1592 22.3 493 15.9 631 18.3
>30 877 6.4 499 7.0 170 5.5 208 6.0
Smoking Current 4241 30.9 2273 31.8 925 29.8 1043 30.2
Hypertension Yes 3402 24.8 2108 29.5 574 18.5 720 20.8
Diabetes Yes 731 53 482 6.7 109 3.5 140 4.1
Cardiovascular disease Yes 386 2.8 261 3.7 62 2.0 63 1.8
Chronic kidney disease Yes 400 2.9 295 4.1 66 2.1 39 1.1
Continuous variables Median (IQR) Median (IQR) Median (IQR) Median (IQR)
Age (years) 46 37-53 48 39-54 43 35-51 43 36-51
Baseline CD4 (cells/pL) 510 328-724 551 359-761 411 230-624 510 356-710
Nadir CD4 (cells/uL) 228 105-358 216 99-346 200 80-330 273 156-390
ARV drugs previous taken*(n) 6 3-8 6 4-9 5 3-8 5 3-7
Years since initiation of first ARV 11 6-17 13 7-18 10 5-16 8 4-14
(years)
(Continued)
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Table 1. (Continued)

All INSTI PI/b NNRTI
n % n % n % n %
13703 100.0 7147 52.2 3102 22.6 3454 25.2
Baseline date (mm/yy) 10/14 | 07/13-08/ | 06/14 | 10/14-04/ | 07/13 | 07/12-09/ | 06/13 | 03/12-08/
16 16 14 14

All percentages are column percentages

The proportion of individuals with unknown/missing data were (%): Mode of transmission 6.8; ethnicity 11.8; hepatitis B 16.8; hepatitis C 13.8; BMI 29.5; smoking
status 39.0; hypertension 28.9; diabetes 8.5; cardiovascular disease 26.3; chronic kidney disease 19.2.

Regions: WestCentral Europe: Austria, Belgium, France, Germany, Luxembourg, Switzerland; South Europe and Argentina: Argentina, Greece, Israel, Italy, Portugal,
Spain; North Europe and Australia: Australia, Denmark, Norway, Sweden, Finland, Iceland, Ireland, Netherlands, United Kingdom; East Central Europe: Bosnia-
Herzegovina, Croatia, Czech Republic, Hungary, Poland, Romania, Serbia, Slovenia, Slovakia; Eastern Europe: Belarus, Estonia, Georgia, Latvia, Lithuania, Russia,
Ukraine.

Hypertension: Defined as use of antihypertensive drugs, systolic blood pressure >140 mmHg and/or diastolic blood pressure >90 mmHg.

Diabetes: A clinical diagnosis of diabetes, use of antidiabetic drugs and/or blood glucose measurement >11.1 mmol/l or HbA1C >48 mmol/mol.

HCYV Positive: Positive if ever had a positive HCV antibody test, HCV RNA test, HCV genotype, or received HCV treatment prior to baseline. HBV positive: Hepatitis B
surface antigen positive

Chronic kidney disease: Defined as confirmed (>3 months apart) eGFR < 60 ml/min/1.73 m?, calculated by the CKD-EPI formula.

Cardiovascular disease includes prior myocardial infarction, stroke or invasive cardiovascular procedure.

*Among ART-experienced

Abbreviations: 3TC, lamivudine; ABC, abacavir; ART, anti-retroviral therapy; ARV, anti-retroviral drug; BMI, body-mass index; cp, copies of RNA; FTC, emtricitabine;
IDU, intravenous drug user; MSM, men who have sex with men; NRTI, nucleos(t)ide reverse transcriptase inhibitor; TDF: tenofovir disoproxil fumarate; TAF: tenofovir
alafenamide; VL, viral load.

All p-values for comparison of baseline characteristics between treatment groups were < 0,001.

https://doi.org/10.1371/journal.pone.0243625.t001
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Fig 1. Proportions of individuals with composite treatment outcome (cTO) success, on-treatment success, or favorable immunologic response after 12+3
months. Error bars and numbers in the 3™ row in the table indicate 95% confidence intervals. * cTO failure was defined as >1 of VL >200 cp/mL, unknown VL, any
ART regimen change, AIDS events, or death. ** Individuals with known VL at 12+3 months without ART regimen change in the periods (N = INSTI 4513; PI/b 1721;
NNRTI 2263). *** Persons with known CD4 counts at 12+3 months (N = INSTI 5823; PI/b 2550; NNRTI 2882). ****Persons with known CD4 counts at 1243 months,
excluding those with >750 CD4 cells/pL at baseline (N = INSTI 4297; PI/b 2160; NNRTT 2253).

https://doi.org/10.1371/journal.pone.0243625.g001
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INSTIs (aOR 0.74 [CI 0.67-0.82], p <0.001; Fig 2A), while no significant difference was seen
when comparing NNRTIs and INSTIs (aOR 1.07 [0.97-1.17], p = 0.11).

The main reasons for cTO failure in all three treatment groups were regimen changes and
unknown VL within the time window (Fig 3). However, while proportions of individuals with
unknown VLs were similar between groups (16.1% [CI 15.3-17.0], 17.3% [16.0-18.6] and
17.0% [15.8-18.3], p = 0.26, for INSTIs, PI/b and NNRTIs respectively), regimen changes
occurred more often in the PI/b group, compared to the INSTT and NNRTI groups (31.6%
[30.0-33.3] vs. 24.4% [23.4-25.4] and 21.0% [19.7-22.4], p <0.001 respectively). In addition,
the number of individuals experiencing virologic failure in the PI/b group was higher in com-
parison with the INSTT and NNRTI group (5.4% [4.3-6.5] vs. 1.8% [1.4-2.2] and 2.2% [1.6-
2.8], p <0.001, respectively). Overall, the number of individuals developing AIDS (n = 201) or
who died during follow-up (n = 108) was low. However, there were some differences between
the groups. The proportion with AIDS was slightly higher in the PI/b group compared to the
INSTI and NNRTI group (2.5% [1.9-3.0] vs 1.3% [1.0-1.5] and 1.0% [0.7-1.3]; p<0.0001 for
comparison). The proportion of deaths was highest in the INSTI group and lowest in the
NNRTI group (1.0% [0.8-1.3], 0.8% [0.5-1.3] and 0.2% [0.1-0.4]; p< 0.0001).

Overall, 8,497/13,703 individuals (62.0%) were included in the on-treatment analyses
(53.1% on an INSTI, 20.3% on a PI/b and 26.6% on a NNRTTI). The crude proportion of indi-
viduals achieving success was higher in the INSTT and NNRTI groups than in the PI/b group
(98.2% [CI 97.8-98.6] and 97.8% [97.2-98.4], respectively vs. 94.6% [93.5-95.7], p <0.001; Fig
1). Correspondingly, the aOR of on-treatment success was similar for the NNRTT group when
compared to the INSTI group (1.01 [0.67-1.52], p = 0.97), but significantly lower for the PI/b
group (0.60 [0.41-0.86], p = 0.01); Fig 2B).

(A) cTO success* (B) On-treatment success**

Overall (n/n total) aOR [C195%] | Overal: (n/n total) aOR [Cl 95%]
- INSTI 4398/7147 fof. - INSTI 4431/4513 ‘ ref

- Pilb 1616/3102 fef 0.74 [0.67-0.82] - Plilb 1628/1721 F—— 0.60 [0.41-0.86]
- NNRTI 2201/3454 ol 107 (097 -1.47] - NNRTI 221412263 —e— 1,01 [0.67-1.52]
ART naive at baseline: ART naive at baseline:

- INSTI 1169/1914 ef. - INSTI 1189/1211 ‘ ref.

- Plib 622/1248 aal 0.59 [0.50-0.71] - Pllb 638/674 —e— 0.37 [0.19-0.72]
- NNRTI 851/1359 Fori 0.94 [0.79 - 1.11] - NNRTI 866/895 —e— 073 [0.38 - 1.40]
ART experienced 2200 cp/mL at baseline: ART experienced 2200 cp/mL at baseline:

- INSTI 240/538 L . - INSTI 242/265 ‘ oot

- Plb 216/500 i 1.01 [0.76 - 1.34] - Plib 218/256 e 0.51 [0.26-1.01]
- NNRTI 72175 —o— 077 [0.52-1.12] -~ NNRTI 72183 e 041 [0.17 - 0.99]
ART experienced <200 cp/mL at baseline: ART experienced <200 cp/mL at baseline:

- INSTI 2989/4695 L ref. - INSTI 3000/3037 ‘ ref.

- Pllb 778/1354 agl 0.77 [0.67 - 0.87) - Plb 7721791 F—e—= 064 [0.34 - 1.19]
- NNRTI 1278/1920 ol 1.08 [0.96-1.22] - NNRTI 1276/1285 F—e— 1.78 [0.84-3.78]

0 1 10 0 1 10
Favors INSTIs <——aOR — Favors Pl/b or NNRTIs Favors INSTIs «——aOR — Favors Pl/b or NNRTs

Fig 2. Adjusted odds ratios (aOR) of composite treatment outcome (cTO) success and on-treatment success at 12+3 months. Forest plots showing the aOR of
cTO success (A) or on-treatment success (B). A controlled viral load was defined as <200 cp/mL. The multivariable models were adjusted for: Age (per ten years
older), ethnicity, mode of transmission, baseline date (per year later), baseline smoking status, hypertension, diabetes, HBV and HCV status, prior AIDS event,
cardiovascular disease, chronic kidney disease, end stage liver disease, non-AIDS-defining malignancies and prior fractures, viral load(<200 cp/mL, >200 cp/mL at
baseline) and treatment status, CD4 count (nadir and baseline; both per 100 cells higher), treatment regimen and number of drugs in regimen. * cTO failure was
defined as >1 of VL >200 cp/mL, unknown VL, any ART regimen change, AIDS events, or death. ** Individuals with known VL at 12+3 months without ART
regimen change in the period.

https://doi.org/10.1371/journal.pone.0243625.9002
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Fig 3. Reasons for cTO failure at 12+3 months. Error bars and 3™ row in the table indicate 95% confidence intervals. Total numbers with ¢TO failure: INSTI: 2749/
7147; P1/b: 1396/3102; NNRTT 1253/3454. *cTO failure: >1 of: VL >200 cp/mL, unknown VL, any antiretroviral treatment (ART)-regimen change, AIDS, or death
(note it was possible to fail more than one parameter).

https://doi.org/10.1371/journal.pone.0243625.9003

Immunologic outcomes

In total, 11,255/13,703 (82.1%) individuals had CD4 measurements available after 12+3
months (51.7% on an INSTI, 22.7%, on a PI/b and 25.6% on an NNRTT). The crude propor-
tion of individuals achieving a 25% increase in CD4 count from baseline was lowest for indi-
viduals on INSTIs compared to individuals on PI/b or NNRTIs (41.2% [CI 40.0-42.4] vs.
53.0% [51.4-55.3] or 44.6% [42.6-46.4]; p<0.001, respectively; Fig 1). However, after adjust-
ments, individuals on a PI/b or NNRTT had significantly lower odds of achieving a 25% CD4
cell increase, compared to those on an INSTT (0.87 [0.76-0.99], p = 0.04 and 0.80 [0.71-0.91],
p <0.001 respectively; Fig 4A).

Of participants with available CD4 counts 8,710 (77.4%) had a CD4 count <750 cells/pL at
baseline and could be assessed for achieving a CD4 count >750 cells/pL(49.3% on an INSTI,
24.8% on a PI/b and 25.9% on a NNRTI). The crude proportion reaching this level was higher
in the INSTI group than in both the PI/b and NNRTI groups (20.9% [19.9-21.9] vs 15.6%
[14.3-16.9] and 18.2% [16.9-19.5], p <0.001; Fig 1). After adjustment, compared to individu-
als on an INSTI, those on a PI/b or an NNRTT had lower odds of achieving a CD4 count >750
cells/uL (aOR 0.84 [0.70-1.01], p = 0.06 or 0.62 [0.52-0.72], P <0.001 respectively; Fig 4B),
although this did not reach statistical significance for the PI/b group.

Subgroup analyses

The proportions of individuals with cTO success, on-treatment success, a 25% increase in
CD4 cell numbers or reaching a CD4 count of >750 cells/uL, stratified into the three pre-spec-
ified sub-groups, followed the trends of the overall analyses (S2 Table). Similarly, reasons for
cTO failure by treatment status at baseline followed the trends of the overall analyses (see S3
Table and S1 Fig).
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(A) 25% increase in CD4 cell count from baseline

(B) 2750 CD4 cells/puL*

Overall: (n/ntotal) aOR [CI 95%] Overall (n/ntotal) aOR [CI 95%]
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ART experienced <200 cp/mL at baseline: ART experienced <200 cp/mL at baseline:

- INSTI 856/3800 [ Tef. - INSTI 42212459 [ ref

- Plb 26411107 e 0.95 [0.79-1.14] - Plb 100777 o 0.70 [0.53 - 0.93]

- NNRTI 323/1599 g 0.82 [0.70-0.96] - NNRTI 146/1053 o 0.60 [0.48 - 0.76]
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Fig 4. Adjusted odds ratios (aOR) of a favorable immunologic response at 12+3 months. Immunologic response was defined as a 25% increase in CD4 cell counts
(A) or reaching a CD4 cell count >750 cells/uL (B). Models were adjusted for age (per ten years older), ethnicity, mode of transmission, baseline date (per year later),
baseline smoking status, hypertension, diabetes, HBV and HCV status, prior AIDS event, cardiovascular disease, chronic kidney disease, end stage liver disease, non-
AIDS-defining malignancies and prior fractures, viral load (<200 cp/mL, >200 cp/mL at baseline) and treatment status, CD4 count (nadir and baseline; both per 100
cells higher), treatment regimen and number of drugs in regimen. *Excluding individuals with a CD4 cell count >750 cells/pL at baseline.

https://doi.org/10.1371/journal.pone.0243625.9004

In adjusted analyses, achieving cTO success, on-treatment success or a 25% increase in
CD4 count did not differ according to ART- and viremia-status at baseline (p>0.05 for all
interactions; Figs 2 and 4A), although there was some evidence suggesting that reaching a CD4
count of >750 cells/pL differed between strata (interaction p = 0.015; Fig 4B). Among ART-
experienced individuals with a baseline VL >200, those treated with an NNRTI were signifi-
cantly more likely to reach >750 cells/uL compared to those on INSTIs, in contrast to the
results in the overall analysis.

Sensitivity analyses

When a VL cut-off of <50 cp/mL was used to define cTO (Fig 5A) and on-treatment success
(Fig 5B), results were entirely consistent with the primary analysis. Likewise, cTO results were
similar when adjusting for cohort rather than comorbidities, or when individuals with
unknown VL at 1243 months were excluded from the cTO definition (S2 Fig).

Excluding either any regimen changes from the cTO definition, or not defining NRTI-
backbone changes as regimen changes, both caused cTO success to become slightly less likely
for NNRTTs, whereas the relationship between INSTIs and PI/b did not change (see S2 Fig).

Analyses from ART-naive individuals initiating treatment after January 2014, were similar
to the primary analyses (Fig 6).

Discussion

Here we present for the first time real-world data from a large, heterogeneous and geographi-

cally diverse multicenter cohort consortium, comparing virologic and immunologic outcomes
of treatment with INSTI-containing regimens to contemporary PI/b- and NNRTI-containing
regimens. Looking at outcomes after 12 months, using several different definitions for
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Fig 5. Sensitivity analysis: Adjusted odds ratios (aOR) of cTO and on-treatment analysis with VL cut-off <50 cp/mL at 12+3 months. Multivariable models were
adjusted for age (per ten years older), ethnicity, mode of transmission, baseline date (per year later), smoking status, hypertension, diabetes, prior AIDS event-
cardiovascular disease, chronic kidney disease, end stage liver disease, non-AIDS-defining malignancies and fractures, HBV and HCV status, viral load (<200 cp/mL,
>200 cp/mL at baseline), CD4 count (nadir and baseline; both per 100 cells higher), treatment regimen and number of drugs in regimen. * cTO failure was defined as
>1 of VL >50 cp/mL, unknown VL, any ART regimen change, AIDS events, or death. ** Individuals with known VL at 12+3 months without ART regimen change in

the period.

https://doi.org/10.1371/journal.pone.0243625.g005

virologic and immunologic outcome, INSTI- and NNRTI-based regimens were, indepen-
dently of previous treatment and ongoing viremia at treatment start or switch, consistently
associated with higher rates of treatment durability and virologic efficacy than PI/b-based regi-
mens. Further, favorable immunologic outcomes were more likely for individuals treated with
INSTIs than for individuals treated with NNRTIs and, to a lesser degree, with a PI/b. Here we
extend findings from previous RCTs and observational studies [1, 2, 4, 5, 7, 16-19], adding
novel evidence favoring INSTT treatment for the general population of PLWH seen in routine
clinical care.

Virologic outcomes

The higher likelihood of ¢TO success for individuals treated with INSTIs or NNRTTs, com-
pared to individuals treated with a PI/b, was partly due to more frequent regimen changes in
the latter group. Though lesser availability of PI/b-containing single-tablet regimes may have
contributed to some of these changes, PI/b are well known for having a higher potential for
drug-drug interactions and adverse effects, such as gastrointestinal symptoms, than INSTIs
and NNRTIs [9].

Previous findings within RESPOND [20] have confirmed that INSTT toxicity only accounts
for approximately 5% of the reasons for INSTI discontinuations, similar to findings from the
Swiss cohort study [21]. Likewise, a recent, large online-questionnaire examination from the
Brazilian Ministry of Health found that only 2.2% of participants experienced self-reported
dolutegravir toxicity.

Results from these prior reports, along with our results showing fewer regimen changes on
INSTIs, indicate that, although specific toxicities may be overrepresented in individuals treated
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Fig 6. Adjusted odds ratios of cTO success, on-treatment success and favorable immunologic outcomes at 12 + 3
months for ART-naive individuals initiating treatment after 16 January 2014. Forest plots showing the aOR of
cTO success, on-treatment success, and immunologic response as a 25% increase in CD4 cell counts or reaching a CD4
cell count >750 cells/pL. A controlled viral load was defined as <200 cp/mL. Multivariable models were adjusted for
age (per ten years older), ethnicity, mode of transmission, baseline date (per year later), baseline smoking status,
hypertension, diabetes, HBV and HCV status, prior AIDS event, cardiovascular disease, chronic kidney disease, end
stage liver disease, non-AIDS-defining malignancies and prior fractures, viral load (<200 cp/mL, >200 cp/mL at
baseline), CD4 count (nadir and baseline; both per 100 cells higher, treatment regimen and number of drugs in
regimen. *cTO failure was defined as >1 either of VL >200 cp/mL, unknown VL, ART regimen change, AIDS events,
or death. ** Individuals with known VL at 12+3 months without ART regimen change in the period. ***Excluding
individuals with >750 CD4 cells/uL at baseline.

https://doi.org/10.1371/journal.pone.0243625.g006

with specific INSTIs (e.g. neuropsychiatric adverse events with dolutegravir) [20-22], short
term INSTI toxicities still appear to be infrequent.

Both ¢TO and on-treatment analysis revealed a lower likelihood of virologic control for
individuals treated with a PI/b compared to an INSTI, as has previously been described [2, 6,
23, 24]. Although we found statistically significant differences in efficacy, all three drug classes
individually demonstrated high levels of viral suppression. Further, we found some differences
in the crude proportions of AIDS events and deaths between classes over 12 months follow-
up. In addition to the higher rates of virologic failure, a larger proportion of individuals in the
PI/b group experienced an AIDS defining event during the assessed period. Darunavir/b has a
high genetic barrier and was the most frequently prescribed PI/b in this analysis. We are there-
fore unable to fully exclude the possibility that some of this may be related to confounding by
indication. The larger proportion of deaths in the INSTI group could similarly be attributed to
confounding by indication, with those in the INSTT group generally being older, more treat-
ment-experienced, and having more comorbidities. Longer term follow-up in large cohort col-
laborations will be essential to determine whether the relatively modest differences observed
here can be explained by adjustment for potential confounding factors or if they will become
more pronounced over time.
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The proportions of individuals with unknown VL within the 12+3 months time window
were relatively high for all three drug classes and without inter-class difference, as also reflected
by the consistent results when excluding unknown VL from the cTO. While current recom-
mendations suggest that VL should be measured at least every twelve months for individuals
on stable ART, and more frequently following regimen switches [8-11], it is not unreasonable
to assume that real-life practice differs on national levels, and more time can pass—in particu-
larly for treatment compliant individuals with suppressed viremia.

As this is an observational study, we cannot with certainty determine whether the lack of
VL measurements was a consequence of data not being reported to RESPOND, or of tests not
being performed locally within the time period. However, quality assessments are performed
as RESPOND data is electronically transferred from all participating sites [14, 25], and there-
fore it is unlikely that a significant amount of the unknown VLs are due to systematic underre-
porting to RESPOND.

Immunologic outcome

We saw only a very small difference in the likelihood of a 25% increase in CD4 count between
INSTIs and PI/b, and no difference in the likelihood of achieving >750 CD4 cells/uL between
the two ARV classes, consistent with prior reports [6, 7]. Similarly to previously findings from
large observational studies and RCTs comparing dolutegravir [5, 18] and elvitegravir [4] to efa-
virenz, we found that individuals treated with NNRTI-containing regimens were less likely to
achieve a favorable immunologic response compared to INSTIs, even with rilpivirine added to
the NNRTI group in our analysis.

Although the differences found between drug classes were minor, the potential effect on
ongoing inflammation and longer-term disease progression is to date not known. Therefore, it
will be imperative to observe if these differences will be associated with more frequent adverse
outcomes over longer periods of time.

Subgroup analyses

Although there was some evidence suggesting that reaching a CD4 count >750 cells/pL dif-
fered slightly according to ART status and level of viremia at baseline, we saw no evidence of a
subgroup effect on any of the other outcomes, and the results should be interpreted accord-
ingly with multiple testing in mind. Specifically, for the assessment of outcomes for ART-
experienced individuals with VL >200 cp/mL at baseline, it should be noted, that due to the
comparatively lower resistances barrier of NNRTTIs, clinicians may be reluctant to prescribe
this drug class to ART-experienced individuals with ongoing viremia, likely reflected in the
low number of individuals on NNRTIs in this stratum.

Opverall, these findings suggest that INSTIs can safely be used regardless of treatment status
and history at treatment initiation, though more studies with comprehensive data on resis-
tance testing is still needed.

Interactions between high VL, low CD4 counts and age with virologic and immunologic
outcomes have been investigated in another RESPOND analysis, where no differences were
seen between these individuals treated with INSTTs, PI/b and NNRTIs [26].

Limitations

There are some study limitations to acknowledge. Firstly, our study is observational in nature,
and although our analyses included adjustment for a wide range of potential confounders, and
several sensitivity and subgroup analyses were performed, residual confounding can never be
fully excluded, and our results should be interpreted accordingly. In particular, RESPOND
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does not systematically collect data on ARV-resistance nor HIV-subtypes, which can affect
treatment choice, especially in the strata of ART-experienced individuals with VL >200 cp/mL
at baseline.

Secondly, as we wanted to ensure adequate power to reliably analyse outcomes and perform
predefined subgroup analyses and test for potential interactions, we focused on class effects
rather than on individual ARVs. Therefore, it is possible that there may be some intra-class dif-
ferences not accounted for here. Finally, our analyses were restricted to a 12 months period,
and we therefore cannot make any statements on longer-term outcomes. Longer follow-up on
individual ARV is required to allow for individual comparisons, as well as assessment of lon-
ger term clinical outcomes including serious non-AIDS clinical events.

Conclusion

In conclusion, this large, real-world based analysis of a heterogeneous population of PLWH
seen in routine clinical care, showed that treatment with INSTT and NNRTI-containing
regimes was preferable to PI/b with regard to virologic outcomes, although the potential for
residual confounding cannot be fully excluded. Favorable immunologic responses were more
likely with INSTI-containing regimens than with NNRTI-containing regimens, and to a lesser
degree with PI/b-containing regimens. Crude numbers did not reveal any major differences in
the occurrence of AIDS or death. These data supports the use of INSTI treatment and suggest
that 12 months efficacy and durability of INSTIs are independent of prior treatment status and
on-going viremia.

Supporting information

S1 Table. Baseline demographics and clinical characteristics of individuals stratified by
treatment status at baseline. All percentages are column percentages. The proportion of
individuals with unknown/missing data were (%): Mode of transmission 6.8; ethnicity 11.8;
hepatitis B 16.8; hepatitis C 13.8; BMI 29.5; smoking status 39.0; hypertension 28.9; diabetes
8.5; cardiovascular disease 26.3; chronic kidney disease 19.2. Regions: West Central Europe:
Austria, Belgium, France, Germany, Luxembourg, Switzerland; South Europe and Argen-
tina: Argentina, Greece, Israel, Italy, Portugal, Spain; North Europe and Australia: Australia,
Denmark, Norway, Sweden, Finland, Iceland, Ireland, Netherlands, United Kingdom; East
Central Europe: Bosnia-Herzegovina, Croatia, Czech Republic, Hungary, Poland, Romania,
Serbia, Slovenia, Slovakia; Eastern Europe: Belarus, Estonia, Georgia, Latvia, Lithuania, Rus-
sia, Ukraine. Hypertension: Defined as use of antihypertensive drugs, systolic blood pressure
>140 mmHg and/or diastolic blood pressure >90 mmHg. Diabetes: A clinical diagnosis of
diabetes, use of antidiabetic drugs and/or blood glucose measurement >11.1 mmol/l or
HbA1C >48 mmol/mol. HCV Positive: Positive if ever had a positive HCV antibody test,
HCV RNA test, HCV genotype, or received HCV treatment prior to baseline. HBV positive:
Hepatitis B surface antigen positive. Chronic kidney disease: Defined as confirmed (>3
months apart) eGFR < 60 ml/min/1.73 m2, calculated by the CKD-EPI formula. Cardiovas-
cular disease includes prior myocardial infarction, stroke or invasive cardiovascular proce-
dure. *Among ART-experienced. Abbreviations: 3TC, lamivudine; ABC, abacavir; ART,
anti-retroviral therapy; ARV, anti-retroviral drug; BMI, body-mass index; cp, copies of
RNA; FTC, emtricitabine; IDU, intravenous drug user; MSM, men who have sex with men;
NRTIL nucleos(t)ide reverse transcriptase inhibitor; TDF: tenofovir disoproxil fumarate;
TAF: tenofovir alafenamide; VL, viral load. All p-values for comparisons were < 0.001.
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$2 Table. Numbers and proportions of individuals with cTO success, on-treatment success
and immunologic responses at 12 + 3 months, stratified by treatment status at baseline.
*cTO success defined as a VL <200 cp/mL. in individuals without failure (at least one of: VL
>200 cp/mL, unknown VL, ART regimen change, AIDS events or death). “*persons with
known VL at 1243 months without regimen changes (N = INSTI 4513; PI/b 1721; NNRTI
2263). ***persons with known CD4 counts at 1243 months (N = INSTI 5823; PI/b 2550;
NNRTI 2882). ****persons with known CD4 counts at 12+3 months excluding persons with
>750 CD4 cells/pL at baseline (N = INSTI 4297; PI/b 2160; NNRTI 2253).

(PDF)

$3 Table. Reasons for cTO failure* according to treatment status at baseline. *cTO failure
was defined as at least one of: VL >200 cp/mL, unknown VL, any antiretroviral treatment
(ART)-regimen change, AIDS, or death (note that it is possible to fail more than one parame-
ter). ** number of specific reasons for cTO failure. ***persons with known VL at 12+3 months
without regimen changes.

(PDF)

S1 Fig. Reasons for cTO failure according to treatment status at baseline. *persons with
known VL at 1243 months, without regimen changes. Numbers above each column indicate
the total number of the specific reasons for cTO failure overall, and for each of the treatment
groups (INSTIL, bPI or NNRTT). Numbers in the bars indicate percent of total. The table below
the bars shows the numbers individuals with each specific reason for cTO failure by treatment
group, stratified by treatment status at baseline. Note that individuals could fail the cTO out-
come for more than one reasons.

(TIF)

S2 Fig. Forest plots of sensitivity analyses investigating cTO under different conditions. Mul-
tivariable models were adjusted for age (per ten years older), ethnicity, mode of transmission,
baseline date (per year later), smoking status, hypertension, diabetes, prior AIDS event- cardio-
vascular disease, chronic kidney disease, end stage liver disease, non-AIDS-defining malignan-
cies and fractures, HBV and HCV status, viral load (<200 cp/mL, >200 cp/mL at baseline), CD4
count (nadir and baseline; both per 100 cells higher), treatment regimen and number of drugs in
regimen. 1: aOR of cTO success defined as a VL <200 cp/mL. in individuals without failure (at
least one of: VL >200 cp/mL, unknown VL, cART regimen change, AIDS events or death). 2:
aOR of ¢TO success defined as in 1, at 6+3 months after baseline. 3 aOR of cTO success defined
asin 1, restricted to individuals initiating or shifting to one of the study regimens after 16th Janu-
ary 2014. 4 aOR of cTO success defined as in 1, restricted to ART-naive individuals initiating
one of the study regimens after 16 January 2014. 5: aOR of cTO success defined as in 1, model
adjusted for cohort instead of comorbidities. 6: aOR of ¢TO success defined as a VL <200 cp/mL
in individuals without failure (at least one of: VL >200 cp/mL, unknown VL, AIDS events or
death; excluding ART regime changes from the main cTO outcome). 7: aOR of cTO success
defined as a VL <200 cp/mL in individuals without failure (at least one of: VL >200 cp/mL,
unknown VL, AIDS events, death or change of 3™ ARV (INSTT, PI/b or NNRTI); not defining
changes in NRTI backbone as an ART regimen change. 8: aOR of cTO defined as a VL <200 cp/
mL in individuals without failure (at least one of: VL >200 cp/mL, cART regimen change, AIDS
events or death; excluding unknown VL from main cTO outcome).

(TIF)

S1 Appendix.
(PDF)

PLOS ONE | https://doi.org/10.1371/journal.pone.0243625 December 31, 2020 15/19


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0243625.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0243625.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0243625.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0243625.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0243625.s006
https://doi.org/10.1371/journal.pone.0243625

PLOS ONE

Outcomes of integrase inhibitors treatment

Acknowledgments

The RESPOND study group

AIDS Therapy Evaluation in the Netherlands Cohort (ATHENA): F. Wit, P. Reiss, M. Hilleb-
regt, Stichting HIV Monitoring (SHM), Amsterdam, Netherlands.

The Australian HIV Observational Database (AHOD): M. Law, K. Petoumenos, N. Rose, J.
Hutchinson UNSW, Sydney, Australia.

Austrian HIV Cohort Study (AHIVCOS): R. Zangerle, A. Ollinger and K. Grabmeier-Pfis-
tershammer, Medizinische Universitdt Innsbruck, Innsbruck, Austria.

CHU Saint-Pierre: S. De Wit, M. Delforge, Centre de Recherche en Maladies Infectieuses a.
s.b.l, Brussels, Belgium.

EuroSIDA Cohort: Gilles Wandeler, CHIP, Rigshospitalet, RegionH, Copenhagen,
Denmark.

Frankfurt HIV Cohort Study: C. Stephan, M. Bucht, Johann Wolfgang Goethe-University
Hospital, Frankfurt, Germany.

Georgian National AIDS Health Information System (AIDS HIS): N. Chkhartishvili, O.
Chokoshvili, Infectious Diseases, AIDS and Clinical Immunology Research Center, Tbilisi,
Georgia.

Italian Cohort Naive Antiretrovirals (ICoNA): A. d’Arminio Monforte, A. Rodano, A.
Tavelli, ASST Santi Paolo e Carlo, Milan, Italy; I Fanti, Icona Foundation, Milan, Italy.

Modena HIV Cohort: C. Mussini, V. Borghi, Universita degli Studi di Modena, Modena,
Italy.

Nice HIV Cohort: C. Pradier, E. Fontas, K. Dollet, C. Caissotti, Université Cote d’Azur et
Centre Hospitalier Universitaire, Nice, France.

PISCIS Cohort Study: J. Casabona, JM. Miro, J.R. Urefla, A.B. Riera, Centre Estudis Epide-
miologics de ITS i VIH de Catalunya (CEEISCAT), Badalona, Spain.

Royal Free Hospital Cohort: C. Smith, F. Lampe, Royal Free Hospital, University College
London, London, United Kingdom.

San Raffaele Scientific Institute: A. Castagna, A. Lazzarin, A. Poli, Universita Vita-Salute
San Raffaele, Milano, Italy.

Swedish InfCare HIV Cohort: A. Sénnerborg, K. Falconer, V. Svedhem, Karolinska Univer-
sity Hospital, Stockholm, Sweden.

Swiss HIV Cohort Study (SHCS): H. Glinthard, B. Ledergerber, H. Bucher, A. Scherrer,
University of Zurich, Zurich, Switzerland.

University Hospital Bonn: JC. Wasmuth, J. Rockstroh, Bonn, Germany.

University Hospital Cologne: JJ. Vehreschild, G. Fitkenheuer, Cologne, Germany.
Community representatives

Alain Volny-Anne (European AIDS Treatment Group), Nikos Dedes (European AIDS Treat-
ment Group), Luis Mendao (European AIDS Treatment Group), Esther Dixon Williams.

RESPOND executive committee

A. Mocroft, G. Reilly, ]. Rooney, V. Vannappagari, H. Garges, J. Rockstroh, M. Law, C. Smith,
S. De Wit, J. Lundgren, H. Glinthard.

RESPOND scientific steering committee

J. Lundgren, H. Giinthard, J. Kowalska, D. Raben, L. Ryom, A. Mocroft, ]. Rockstroh, L. Peters,
A. Volny Anne, N. Dedes, N. Chkhartishvili, R. Zangerle, M. Law, F. Wit, C. Necsoi, C.

PLOS ONE | https://doi.org/10.1371/journal.pone.0243625 December 31, 2020 16/19


https://doi.org/10.1371/journal.pone.0243625

PLOS ONE Outcomes of integrase inhibitors treatment

Stephan, C. Pradier, A. D’Arminio Monforte, C. Mussini, A. Bruguera, H. Bucher, A. Sénner-
borg, JJ. Vehreschild, C. Smith, A. Castagna, G. Reilly, J. Rooney, V. Vannappagari, H. Garges.

RESPOND staff

Coordinating Centre Staff: D. Raben, L. Peters, L. Ryom, J.F. Larsen, M.L. Jakobsen, T. Bruun,
A. Bojesen, E.V. Hansen, T.W. Elsing.

Statistical Staff: A Mocroft, L Greenberg, L Bansi-Matharu, A Pelchen-Matthews, K Petou-
menos, N Rose, D. Byonanebye.

Author Contributions
Conceptualization: Bastian Neesgaard, Amanda Mocroft, Jens Lundgren, Lene Ryom.

Data curation: Bastian Neesgaard, Amanda Mocroft, Lauren Greenberg, Lars Peters, Lene
Ryom.

Formal analysis: Amanda Mocroft.

Investigation: Robert Zangerle, Ferdinand Wit, Fiona Lampe, Huldrych F. Glinthard, Coca
Necsoi, Matthew Law, Cristina Mussini, Antonella Castagna, Antonella d’Arminio Mon-
forte, Christian Pradier, Nikoloz Chkhartisvilli, Juliana Reyes-Uruena, Jérg Janne Vehres-
child, Jan-Christian Wasmuth, Anders Sonnerborg, Christoph Stephan, Josep M. Llibre,
Alain Volny-Anne, Lars Peters, Armin Rieger, Mike Youle, Dominique Braun, Stephane
De Wit, Kathy Petoumenos, Vanni Borghi, Vincenzo Spagnuolo, Tengiz Tsertsvadze.

Methodology: Bastian Neesgaard, Amanda Mocroft, Lauren Greenberg, Lene Ryom.
Project administration: Bastian Neesgaard.

Supervision: Amanda Mocroft, Lene Ryom.

Writing - original draft: Bastian Neesgaard, Ferdinand Wit.

Writing - review & editing: Amanda Mocroft, Robert Zangerle, Fiona Lampe, Huldrych F.
Giinthard, Coca Necsoi, Matthew Law, Cristina Mussini, Antonella Castagna, Antonella
d’Arminio Monforte, Christian Pradier, Nikoloz Chkhartisvilli, Juliana Reyes-Uruena, Jorg
Janne Vehreschild, Jan-Christian Wasmuth, Anders Sénnerborg, Christoph Stephan, Lau-
ren Greenberg, Josep M. Llibre, Alain Volny-Anne, Lars Peters, Annegret Pelchen-Mat-
thews, Vani Vannappagari, Joel Gallant, Armin Rieger, Mike Youle, Dominique Braun,
Stephane De Wit, Kathy Petoumenos, Vanni Borghi, Vincenzo Spagnuolo, Tengiz Tserts-
vadze, Jens Lundgren, Lene Ryom.

References

1. Clotet B, Feinberg J, van Lunzen J, Khuong-Josses MA, Antinori A, Dumitru |, et al. Once-daily dolute-
gravir versus darunavir plus ritonavir in antiretroviral-naive adults with HIV-1 infection (FLAMINGO): 48
week results from the randomised open-label phase 3b study. Lancet. 2014; 383(9936):2222—-31. Epub
2014/04/05. https://doi.org/10.1016/S0140-6736(14)60084-2 PMID: 24698485.

2. Molina JM, Clotet B, van Lunzen J, Lazzarin A, Cavassini M, Henry K, et al. Once-daily dolutegravir ver-
sus darunavir plus ritonavir for treatment-naive adults with HIV-1 infection (FLAMINGO): 96 week
results from a randomised, open-label, phase 3b study. Lancet HIV. 2015; 2(4):e127-36. Epub 2015/
10/02. https://doi.org/10.1016/S2352-3018(15)00027-2 PMID: 26424673.

3. Molina JM, Lamarca A, Andrade-Villanueva J, Clotet B, Clumeck N, Liu YP, et al. Efficacy and safety of
once daily elvitegravir versus twice daily raltegravir in treatment-experienced patients with HIV-1 receiv-
ing a ritonavir-boosted protease inhibitor: randomised, double-blind, phase 3, non-inferiority study. Lan-
cet Infect Dis. 2012; 12(1):27-35. Epub 2011/10/22. https://doi.org/10.1016/S1473-3099(11)70249-3
PMID: 22015077.

PLOS ONE | https://doi.org/10.1371/journal.pone.0243625 December 31, 2020 17/19


https://doi.org/10.1016/S0140-6736(14)60084-2
http://www.ncbi.nlm.nih.gov/pubmed/24698485
https://doi.org/10.1016/S2352-3018(15)00027-2
http://www.ncbi.nlm.nih.gov/pubmed/26424673
https://doi.org/10.1016/S1473-3099(11)70249-3
http://www.ncbi.nlm.nih.gov/pubmed/22015077
https://doi.org/10.1371/journal.pone.0243625

PLOS ONE

Outcomes of integrase inhibitors treatment

10.
1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Sax PE, DeJesus E, Mills A, Zolopa A, Cohen C, Wohl D, et al. Co-formulated elvitegravir, cobicistat,
emtricitabine, and tenofovir versus co-formulated efavirenz, emtricitabine, and tenofovir for initial treat-
ment of HIV-1 infection: a randomised, double-blind, phase 3 trial, analysis of results after 48 weeks.
Lancet. 2012; 379(9835):2439-48. Epub 2012/07/04. https://doi.org/10.1016/S0140-6736(12)60917-9
PMID: 22748591.

Walmsley SL, Antela A, Clumeck N, Duiculescu D, Eberhard A, Gutierrez F, et al. Dolutegravir plus aba-
cavir-lamivudine for the treatment of HIV-1 infection. N Engl J Med. 2013; 369(19):1807—18. Epub
2013/11/08. https://doi.org/10.1056/NEJMoa1215541 PMID: 24195548.

Aboud M, Kaplan R, Lombaard J, Zhang F, Hidalgo JA, Mamedova E, et al. Dolutegravir versus ritona-
vir-boosted lopinavir both with dual nucleoside reverse transcriptase inhibitor therapy in adults with HIV-
1 infection in whom first-line therapy has failed (DAWNING): an open-label, non-inferiority, phase 3b
trial. Lancet Infect Dis. 2019; 19(3):253—-64. Epub 2019/02/09. https://doi.org/10.1016/S1473-3099(19)
30036-2 PMID: 30732940.

Orrell C, Hagins DP, Belonosova E, Porteiro N, Walmsley S, Falco V, et al. Fixed-dose combination
dolutegravir, abacavir, and lamivudine versus ritonavir-boosted atazanavir plus tenofovir disoproxil
fumarate and emtricitabine in previously untreated women with HIV-1 infection (ARIA): week 48 results
from a randomised, open-label, non-inferiority, phase 3b study. Lancet HIV. 2017; 4(12):e536—e46.
Epub 2017/07/22. https://doi.org/10.1016/S2352-3018(17)30095-4 PMID: 28729158.

Panel on Antiretroviral Guidelines for Adults and Adolescents. Guidelines for the Use of Antiretroviral
Agents in Adults and Adolescents Living with HIV. Department of Health and Human Services, 2018
http://www.aidsinfo.nih.gov/ContentFiles/AdultandAdolescentGL.pdf.

European AIDS Clinical Society Guidelines, version 10.0, November 2019.
BHIVA. BHIVA guidelines for the treatment of HIV positive adults with ART 2015 (2016 interim update).

Saag MS, Benson CA, Gandhi RT, Hoy JF, Landovitz RJ, Mugavero MJ, et al. Antiretroviral Drugs for
Treatment and Prevention of HIV Infection in Adults: 2018 Recommendations of the International Antivi-
ral Society-USA Panel. JAMA. 2018; 320(4):379-96. Epub 2018/07/26. https://doi.org/10.1001/jama.
2018.8431 PMID: 30043070.

WHO. Consolidated guidelines on the use of antiretroviral drugs for treating and preventing HIV infec-
tion, 2nd edtion. 2016. https://www.who.int/hiv/pub/arv/arv-2016/en/.

The Respond Study Group. How to RESPOND to Modern Challenges for People Living with HIV: A Pro-
file for a New Cohort Consortium. Microorganisms. 2020; 8(8). Epub 2020/08/06. https://doi.org/10.
3390/microorganisms8081164 PMID: 32752044.

RESPOND Electronic Submission Tool (REST) User guide, 1.0, 2017 https://chip.dk/Portals/0/files/
RESPOND/RESPOND_EuroSIDA_D45_Electronic_Submission_Tool_User_guide_Version1.pdf?
ver=2017-12-07-091717-467.

Mocroft A, Furrer HJ, Miro JM, Reiss P, Mussini C, Kirk O, et al. The incidence of AIDS-defining ill-
nesses at a current CD4 count >200 cells/mL in the post-combination antiretroviral therapy era. Clin
Infect Dis. 2013; 57(7):1038-47. Epub 2013/08/08. https://doi.org/10.1093/cid/cit423 PMID:
23921881.

Phillips AN, Venter F, Havlir D, Pozniak A, Kuritzkes D, Wensing A, et al. Risks and benefits of dolute-
gravir-based antiretroviral drug regimens in sub-Saharan Africa: a modelling study. Lancet HIV. 2019; 6
(2):e116—e27. Epub 2018/12/07. https://doi.org/10.1016/S2352-3018(18)30317-5 PMID: 30503325.

Nance RM, Vannappagari V, Smith K, Calingaert B, Johannes C, Saltus C, et al. Virologic failure
among people living with HIV initiating dolutegravir-based versus other recommended regimens in real-
world clinical care settings. J Acquir Immune Defic Syndr. 2019. Epub 2019/05/21. https://doi.org/10.
1097/QAI1.0000000000002075 PMID: 31107299.

Meireles VM, Pati Pascom AR, Benzaken A. CD4+ Recovery After ART Initiation: A Comparison
Between Dolutegravir and Efavirenz. Conference on Retroviruses and Opportunistic Infections
Seattle2019.

Meireles MV, Pascom ARP, Duarte EC, McFarland W. Comparative effectiveness of first-line antiretro-
viral therapy: results from a large real-world cohort after the implementation of Dolutegravir. AIDS.
2019. Epub 2019/05/15. https://doi.org/10.1097/QAD.0000000000002254 PMID: 31082860.

Greenberg L, Ryom L, Wandeler G, Grabmeier-Pfistershammer K, Ollinger A, Neesgaard B, et al.
Uptake and Discontinuation of Integrase Inhibitors (INSTIs) in a Large Cohort Setting. J Acquir Immune
Defic Syndr. 2020; 83(3):240-50. Epub 2020/01/11. https://doi.org/10.1097/QAI1.0000000000002250
PMID: 31923088.

ElziL, Erb S, Furrer H, Cavassini M, Calmy A, Vernazza P, et al. Adverse events of raltegravir and
dolutegravir. AIDS. 2017; 31(13):1853-8. Epub 2017/07/12. https://doi.org/10.1097/QAD.
0000000000001590 PMID: 28692533.

PLOS ONE | https://doi.org/10.1371/journal.pone.0243625 December 31, 2020 18/19


https://doi.org/10.1016/S0140-6736(12)60917-9
http://www.ncbi.nlm.nih.gov/pubmed/22748591
https://doi.org/10.1056/NEJMoa1215541
http://www.ncbi.nlm.nih.gov/pubmed/24195548
https://doi.org/10.1016/S1473-3099(19)30036-2
https://doi.org/10.1016/S1473-3099(19)30036-2
http://www.ncbi.nlm.nih.gov/pubmed/30732940
https://doi.org/10.1016/S2352-3018(17)30095-4
http://www.ncbi.nlm.nih.gov/pubmed/28729158
http://www.aidsinfo.nih.gov/ContentFiles/AdultandAdolescentGL.pdf
https://doi.org/10.1001/jama.2018.8431
https://doi.org/10.1001/jama.2018.8431
http://www.ncbi.nlm.nih.gov/pubmed/30043070
https://www.who.int/hiv/pub/arv/arv-2016/en/
https://doi.org/10.3390/microorganisms8081164
https://doi.org/10.3390/microorganisms8081164
http://www.ncbi.nlm.nih.gov/pubmed/32752044
https://chip.dk/Portals/0/files/RESPOND/RESPOND_EuroSIDA_D45_Electronic_Submission_Tool_User_guide_Version1.pdf?ver=2017-12-07-091717-467
https://chip.dk/Portals/0/files/RESPOND/RESPOND_EuroSIDA_D45_Electronic_Submission_Tool_User_guide_Version1.pdf?ver=2017-12-07-091717-467
https://chip.dk/Portals/0/files/RESPOND/RESPOND_EuroSIDA_D45_Electronic_Submission_Tool_User_guide_Version1.pdf?ver=2017-12-07-091717-467
https://doi.org/10.1093/cid/cit423
http://www.ncbi.nlm.nih.gov/pubmed/23921881
https://doi.org/10.1016/S2352-3018(18)30317-5
http://www.ncbi.nlm.nih.gov/pubmed/30503325
https://doi.org/10.1097/QAI.0000000000002075
https://doi.org/10.1097/QAI.0000000000002075
http://www.ncbi.nlm.nih.gov/pubmed/31107299
https://doi.org/10.1097/QAD.0000000000002254
http://www.ncbi.nlm.nih.gov/pubmed/31082860
https://doi.org/10.1097/QAI.0000000000002250
http://www.ncbi.nlm.nih.gov/pubmed/31923088
https://doi.org/10.1097/QAD.0000000000001590
https://doi.org/10.1097/QAD.0000000000001590
http://www.ncbi.nlm.nih.gov/pubmed/28692533
https://doi.org/10.1371/journal.pone.0243625

PLOS ONE

Outcomes of integrase inhibitors treatment

22,

23.

24,

25.

26.

Hoffmann C, Welz T, Sabranski M, Kolb M, Wolf E, Stellbrink HJ, et al. Higher rates of neuropsychiatric
adverse events leading to dolutegravir discontinuation in women and older patients. HIV Med. 2017; 18
(1):56-63. Epub 2016/11/20. https://doi.org/10.1111/hiv.12468 PMID: 27860104.

Snedecor SJ, Radford M, Kratochvil D, Grove R, Punekar YS. Comparative efficacy and safety of
dolutegravir relative to common core agents in treatment-naive patients infected with HIV-1: a system-
atic review and network meta-analysis. BMC Infect Dis. 2019; 19(1):484. Epub 2019/05/31. https://doi.
org/10.1186/s12879-019-3975-6 PMID: 31146698.

Yang LL, Li Q, Zhou LB, Chen SQ. Meta-analysis and systematic review of the efficacy and resistance
for human immunodeficiency virus type 1 integrase strand transfer inhibitors. Int J Antimicrob Agents.
2019; 54(5):547-55. Epub 2019/08/10. https://doi.org/10.1016/j.ijantimicag.2019.08.008 PMID:
31398480.

Standard Operating Procedure for data transferin RESPOND, EuroSIDA and CARE, version 3, 2019
https://chip.dk/Portals/0/files/RESPOND/RESPOND_EuroSIDA_D45_SOP_Electronic_Version1.pdf?
ver=2017-12-07-091723-823&timestamp=1512634977118.

The RESPOND Study group. Treatment outcomes of integrase inhibitors boosted protease inhibitors
and nonnucleoside reverse transcriptase inhibitors in antiretroviral-naive persons starting treatment.
HIV Med. 2020. Epub 2020/06/27. https://doi.org/10.1111/hiv.12888 PMID: 32588958.

PLOS ONE | https://doi.org/10.1371/journal.pone.0243625 December 31, 2020 19/19


https://doi.org/10.1111/hiv.12468
http://www.ncbi.nlm.nih.gov/pubmed/27860104
https://doi.org/10.1186/s12879-019-3975-6
https://doi.org/10.1186/s12879-019-3975-6
http://www.ncbi.nlm.nih.gov/pubmed/31146698
https://doi.org/10.1016/j.ijantimicag.2019.08.008
http://www.ncbi.nlm.nih.gov/pubmed/31398480
https://chip.dk/Portals/0/files/RESPOND/RESPOND_EuroSIDA_D45_SOP_Electronic_Version1.pdf?ver=2017-12-07-091723-823&timestamp=1512634977118
https://chip.dk/Portals/0/files/RESPOND/RESPOND_EuroSIDA_D45_SOP_Electronic_Version1.pdf?ver=2017-12-07-091723-823&timestamp=1512634977118
https://doi.org/10.1111/hiv.12888
http://www.ncbi.nlm.nih.gov/pubmed/32588958
https://doi.org/10.1371/journal.pone.0243625

