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Background. The impact of different therapeutic classes of drugs in antiretroviral therapy (ART) regimens on the CD4/CD8
ratio is not well documented in people treated for HIV. The objective of this study was to analyze the long-term effect of exposure to
integrase strand transfer inhibitor (INSTI) on CD4/CD8 ratio compared with nonnucleoside reverse transcriptase inhibitor
(NNRTI) or protease inhibitor (PI) among ART-treated persons with HIV (PLHIV).

Methods. Data from the Quebec HIV Cohort collected from 31 August 2017 were used. Our analysis included all patients in the
cohort who received a first or subsequent ART regimen composed of 2 nucleoside reverse transcriptase inhibitors (NRTIs) and a
third active drug of a different class (NNRTI, PI, or INSTI) for at least 16 weeks. Marginal structural Cox models were constructed to
estimate the effect of different therapeutic classes on the CD4/CD8 ratio outcome.

Results. Among the 3907 eligible patients, 972 (24.9%), 1996 (51.1%), and 939 (24.0%) were exposed to an ART regimen whose
third active agent was an NNRTI, PI, or INSTI, respectively. The total follow-up time was 13 640.24 person-years. The weighted
hazard ratio for the association between the third active class and CD4/CD8 ratio >1 was .56 (95% confidence interval [CI]:
.48-.65) for patients exposed to NNRTI+2 NRTIs and .41 (95% CI: .35-.47) for those exposed to PI+2 NRTIs, compared with

those exposed INSTI + 2 NRTIs.
Conclusions.
and PI-based ART.
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For people treated for HIV, INSTI-based ART appears to be associated with a higher CD4/CD8 ratio than NNRTI

Different inflammatory markers have been associated with hu-
man immunodeficiency virus (HIV) infection in persons with
HIV (PLHIV) including an inversion of the CD4/CD8 ratio
[1-3]. A value below the critical threshold of 1 for this inflamma-
tory marker has been associated with increased morbidity and
mortality among PLHIV [2-8], including a greater risk of
non-AIDS events [9]. Some studies have shown that a low
CD4/CD8 ratio was associated with the risk of developing certain
chronic diseases, such as kidney disease, vascular disease [10],
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and some cancers, such as lung cancer, non-Hodgkin lympho-
ma, Kaposi sarcoma, and anal cancer [11-14], even among
PLHIV with viral load (VL) suppression [15]. The CD4/CD8 ra-
tio can therefore be a useful clinical indicator during the chronic
phase of HIV infection [1, 16, 17]. Antiretroviral therapy (ART)
generally leads to an increase in the CD4/CD8 ratio [2, 9].
However, a persistence of the CD4/CD8 ratio below 1 can be ob-
served despite viral suppression on ART [18, 19]. This immune
alteration might be a sign of immune activation and immunose-
nescence [3, 5, 17, 20, 21], which is associated with an increase in
bioinflammatory markers during HIV infection. The mecha-
nisms of action may be related to endothelial damage that occurs
during viral replication [22-24] or persistence of viral replication
marked by an increase in quiescent virus reservoirs [25].
Normalization of the CD4/CD8 ratio has been associated with
a reduction in the virus reservoir [26].

Following initiation of ART, normalization of the CD4/CD8
ratio (>1) may be associated with the therapeutic classes of
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antiretrovirals and the delay in initiation of ART [27, 28].
Previous literature has shown that some therapeutic classes
with lipid-lowering properties can be better than others at re-
ducing inflammatory markers [29-31]. The use of integrase
strand transfer inhibitor (INSTI)-based ART in treatment-
naive patients has specifically been shown to provide a better
long-term effect on the CD4/CD8 ratio [28, 32-34]. These stud-
ies suggest a beneficial role of INSTIs for the normalization of
the CD4/CD8 ratio compared with other antiretroviral classes
such as protease inhibitors (PIs). To our knowledge, Masia et al
[35] is the only study that included some ART-treated patients
not on their first regimen. This study showed a better effect of
INSTIs compared with nonnucleoside reverse transcriptase in-
hibitors (NNRTIs). The objective of our study was to analyze
the long-term effect of INSTIs on CD4/CD8 ratio outcome
compared with both NNRTIs and PIs when given as a first or
subsequent treatment for HIV.

METHODS

Data Source

We used data from the Quebec HIV Cohort, from which data
have been published previously [36, 37]. This is an observation-
al cohort including data prospectively collected from patients’
files of PLHIV followed in 4 sites specialized in HIV care in
Montreal: 2 community clinics, Clinique Médicale I'Actuel
(CMA) and Clinique de Médecine Urbaine du Quartier Latin
(CMUQL), and 2 hospital clinics, Centre Hospitalier de
I'Université de Montréal (CHUM) and McGill University
Health Center (MUHC). The clinical databases from each cen-
ter were merged to create the Quebec HIV Cohort, which in-
cludes 10219 patients with 5844 PLHIV actively followed as
of 31 August 2017 [38]. The Quebec HIV Cohort Study was ap-
proved by the Research Ethics Boards (REBs) of the MUHC,
CHUM, CMA, and CMUQL. This specific study was approved
by the REB of the MUHC.

Patient Selection

In our observational cohort, all patients who started their first
or subsequent ART regimen from or after 1 January 2006 that
consisted of 2 nucleoside reverse transcriptase inhibitors
(NRTIs) and a third agent from a different class for at least
16 weeks and who had a baseline CD4/CD8 ratio measurement
were included. Figure 1 details the selection of PLHIV from the
cohort for our analysis. The NRTTs included in the regimen of
PLHIV were abacavir/lamivudine, tenofovir disoproxil/emtri-
citabine, and tenofovir disoproxil/lamivudine.

Exposure and Outcome

Patients were compared according to the classes of the third
drug included in their regimen: an NNRTI, a PI, or an
INSTI. Exposure was therefore categorized into the following

3 groups: NNRTI+2 NRTIs, PI+2 NRTIs, and INSTI+2
NRTIs. Antiretroviral therapy discontinuation of fewer than
15 days was not considered and drug changes within the
same class were allowed.

The outcome of interest was the incidence of a CD4/CDS8 ra-
tio of 1 or greater during follow-up. The incidence of a CD4/
CD8 ratio above 0.3, 0.5, 0.8, and 1.2 was also analyzed.

Other Variables

The following variables were considered in our analysis: age at
inclusion (continuous), VL at inclusion (<50, 50-10 000, and
>10000 copies/mL), CD4 count at inclusion (<200, 200-350,
and >350 cellsymm®), CD8 count at inclusion (<800 and
>800 cells/mm?®), delay in first ART treatment initiation (con-
tinuous), anti-hepatitis C virus antibodies before inclusion (yes
or no), hepatitis B surface antigen before inclusion (yes or no),
CD4 nadir before inclusion (<200, 200-350 and >350 cells/
mm?), treatment changes before inclusion (yes or no), ART du-
ration before inclusion (continuous), time since HIV diagnosis
at inclusion (continuous), previously documented virologic
failure before inclusion (yes or no), CD4/CD8 ratio at inclusion
(<1 and >1), cytomegalovirus (CMV) serostatus before inclu-
sion (yes or no), previous exposure to mono-/dual NRTI ther-
apy before inclusion (yes or no), year of inclusion (2006-2009,
2010-2013, and 2014-2017), and risk factors for HIV acquisi-
tion. We defined previously documented virologic failure as
1 VL value greater than 200 copies/mL after 6 months of ther-
apy, VL greater than 50 copies/mL at discontinuation of treat-
ment, or 2 consecutive VL values greater than 50 copies/mL
after having reached suppressive viremia. Previous exposure
to mono-/dual NRTI therapy was defined as exposure to 1 or
2 NRTIs for at least 1 month.

Statistical Analysis

A survival analysis was conducted to analyze the incidence of
CD4/CD8 ratio outcome according to exposure. Time zero
was defined as the date of inclusion (1 January 2006, or the ear-
liest subsequent date where the inclusion criteria were met). An
explanatory Kaplan-Meier curve with log-rank test was used to
compare the cumulative incidence of CD4/CD8 ratio outcome
between the 3 groups. The observations were censored at the
end of therapy, at the change of the therapeutic class including
the addition of a fourth antiretroviral drug (ARV), or at the end
of follow-up.

A marginal structural Cox model analysis was performed to
estimate the effect of the therapeutic class on the CD4/CD8 ra-
tio. The database was discretized into 5-month intervals.
Inverse probability of treatment and censoring stabilized
weights (IPTW and IPCW) was then performed using a logistic
regression model to estimate the probability of being on
INSTI + 2 NRTIs and the probability of not being censored at
each follow-up visit. All covariables described above were
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10 219 patients with valid data in the Quebec HIV cohort

!

5526 patients who started at least one class (INSTI, NNRTI and
PI) + 2NRTIs from or after January 1. 2006

3907 patients who started at least one class + 2NRTIs
from or after January 1, 2006 for a duration of at least 16
weeks

Y

972 patients with NNRTT +
2NRTIs

1996 patients with PI + 2NRTIs

939 patients with INSTI + 2NRTIs

Figure 1.

Flowchart of persons with HIV included in our analysis. Abbreviations: HIV, human immunodeficiency virus; INSTI, integrase strand transfer inhibitor; NNRTI,

nonnucleoside reverse transcriptase inhibitor; NRTI, nucleoside reverse transcriptase inhibitor; PI, protease inhibitor.

considered in the model. Variables with a correlation coeffi-
cient of 0.30 or greater were removed from the logistic regres-
sion model for the estimation of exposure and censorship
weights. The choice of the correlated variables to include in
the logistic regression model was made based on clinical rele-
vance. CD4 count, CD8 count, and VL variables (continuous)
were considered time-dependent variables. Missing values for
hepatitis serologies were considered negative for the analyses.
Sensitivity analyses have shown that considering missing values
for CMV serostatus as positive or negative had no impact on
the adjusted hazard ratios (HRs) obtained. Missing values for
CMYV serostatus were therefore considered as negative in the
analyses. Missing CD4 count, CD8 count, and VL values
were replaced by the most recent previous values.

After the calculation of the censor weight, a 1% truncation
was performed on stabilized censor weight because of the
high weights. A pooled logistic regression conditional model
was made to estimate the HR in the marginal structural Cox
model. Patients receiving INSTI + 2 NRTIs were used as the ref-
erence group.

Sensitivity analyses were carried out with the same methods
restricting the analysis to treatment-naive patients receiving a
first treatment only and to patients receiving a second or sub-
sequent regimen only. Models were built independently for
these 2 populations. In the analysis restricted to treatment-
naive patients receiving a first treatment, the following

variables were not considered in the models: treatment changes
before inclusion and ART duration before inclusion. STATA
version 14 (StataCorp, College Station, TX, USA) was used to
perform the statistical analyses.

RESULTS

Among the 3907 eligible patients, 972 (24.9%), 1996 (51.1%),
and 939 (24.0%) were exposed to NNRTI+2 NRTIs, PI+2
NRTIs, and INSTI+ 2 NRTIs, respectively. The INSTIs at in-
clusion were raltegravir (37.6%), elvitegravir (19.4%), and dolu-
tegravir (43%).

The total follow-up time after inclusion was 13640.24
person-years and 1790 of 3907 PLHIV reached a CD4/CD8
ratio of 1 or greater (13.1%; 95% confidence interval [CI]:
12.5%-13.7%) after a median duration (25%-75%) of 4.4 years
(2.1-7.4). In our study, the median (25%-75%) follow-up time
was 5.8 years (3.1-8.4), 4.5years (2.0-7.4), and 2.9 years
(1.7-5.3), respectively, for patients exposed to NNRTI+2
NRTIs, PI+2 NRTIs, and INSTI + 2 NRTIs.

Patient characteristics are summarized in Table 1. Mean
(standard deviation [SD]) age was 42.9 (10.4) years, 42.5 (9.9)
years, and 42.6 (11.6) years for patients exposed to NNRTI +
2 NRTIs, PI+2 NRTIs, and INSTI+2 NRTIs, respectively.
Mean (SD) time since diagnosis at inclusion was 6.1 (6.1), 6.7
(6.3), and 5.5 (7.0) years for patients exposed to NNRTI +2
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Table 1. Characteristics of Eligible Patients

NNRTI PI INSTI

Variables (n=972) (n=1996) (n=939)
Age at inclusion (in years)

Mean (SD) 42.9(10.4) 42.5(9.9) 42.6 (11.6)
Sex

Male 851 (87.5) 1610 (80.7%) 827 (88.1%)
Risk factor for HIV acquisition

MSM 628 (64.6%) 1201 (60.2%) 658 (70.1%)

Bisexual 21 (2.2%) 67 (3.4%) 25 (2.7%)

Heterosexual 187 (19.2%) 480 (24.1%) 132 (14.1%)

From endemic countries 144 (14.8%) 291 (14.6%) 67 (7.1%)

Vertical transmission 9 (0.9%) 10 (0.5%) 4(0.4%)
Delay in ART treatment initiation (in years)

Mean (SD) 2.0 (4.0) 2.0(3.7) 2.2(4.8)
ART duration before inclusion (in years)

Mean (SD) 4348 5.0 (5.3) 3.6 (5.5
Time since diagnosis at inclusion (in years)

Mean (SD) 6.1(6.1) 6.7 (6.3) 5.5(7.0)
Treatment changes before inclusion®

Yes 332 (34.2%) 873 (43.7%) 174 (18.5%)
Viral load (copies/mL) at inclusion

<50 305 (31.4%) 499 (25.0%) 212 (22.6%)

50-10000 293 (30.1%) 623 (31.2%) 297 (31.6%)

>10000 306 (31.5%) 752 (37.7%) 400 (42.6%)

Missing data 68 (7.0%) 122 (6.1%) 30 (3.2%)

Median (25%-75%)

CD4 count at inclusion (cells/mm?)

<200

200-350

>350

Missing data
Median (25%-75%)

CD8 count at inclusion (cells/mm?)

<800

>800

Missing data
Median (25%—75%)

CD4/CD8 ratio at inclusion

<1

>1

Missing data
Median (25%-75%)

CD4 nadir before inclusion (cells/mm?)

<200

200-350

>350

Missing data
Median (25%-75%)

Hepatitis B before inclusion

Positive for HBsAg
Negative for HBsAg
Not documented

Hepatitis C before inclusion

Positive for anti-HCV

Negative for anti-HCV

Not documented

444.0 (49.56-25731.5)

148 (15.2%)
289 (29.7%)
465 (47.8%)
70 (7.3%)
360.0 (246.0-540.0)

354 (36.4%)
425 (43.7%)
193 (19.9%)
860.0 (610.0-1146.0)

694 (71.4%)
85 (8.7%)
193 (19.9%)
0.4 (0.2-0.7)

190 (19.6%)
325 (33.4%)
387 (39.8%)
70 (7.2%)
320.0 (220.0-480.0)

55 (5.7%)
710 (73.0%)
207 (21.3%)

50 (5.1%)
519 (63.4%)
4083 (41.5%)

774.5 (49.5-59764.0)

507 (25.4%)
582 (29.2%)
778 (38.9%)
129 (6.5%)
309.0 (190.0-480.0)

785 (39.3%)
914 (45.8%)
297 (14.9%)
850.0 (582.0-1200.0)

1602 (80.3%)
96 (4.8%)
298 (14.9%)

0.3 (0.2-0.5)

611 (30.6%)
643 (32.2%)
613 (30.7%)
129 (6.5%)
270.0 (170.0-401.0)

94 (4.7%)
1471 (73.7%)
431 (21.6%)

212 (10.6%)
979 (49.1%)
805 (40.3%)

3170.0 (97.0-59358.0)

131 (14.0%)
237 (25.2%)
532 (56.7 %)
39 (4.1%)
400.0 (270.0-580.0)

348 (37.1%)
402 (42.8%)
189 (20.1%)
840.0 (600.0-1184.0)

678 (72.2%)
71 (7.6%)
190 (20.2%)
0.4(0.3-0.7)

161 (17.1%)
270 (28.7%)
469 (49.9%)
39 (4.3%)
364.0 (245.5-500.0)

22 (2.3%)
747 (79.6%)
170 (18.1%)

41 (4.4%)
587 (62.5%)
311 (33.1%)
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Table 1. Continued

NNRTI Pl INSTI

Variables (n=972) (n=1996) (n=939)
Cytomegalovirus serostatus

Positive 196 (20.2%) 423 (21.2%) 134 (14.3%)

Negative 54 (5.6%) 113 (5.7%) 125 (13.3%)

Not documented 722 (74.2%) 1460 (73.1%) 680 (72.4%)
Previous exposure to mono-/dual NRTI therapy before inclusion

Yes 53 (56.5%) 291 (14.6%) 57 (6.1%)
Previously documented virologic failure before inclusion

Yes 21(2.2%) 166 (8.3%) 21(2.2%)
Years of inclusion

2006-2009 618 (63.6%) 1519 (76.1%) 201 (21.4%)

2010-2013 296 (30.4%) 432 (21.6%) 362 (38.5%)

2014-2017 58 (6.0%) 45 (2.3%) 376 (40.1%)

Data are presented as n (%) unless otherwise indicated. N=3907. Abbreviations: ART, antiretroviral therapy; HBsAg, hepatitis B surface antigen; HCV, hepatitis C virus; HIV, human
immunodeficiency virus; INSTI, integrase strand transfer inhibitor; HBsAg, hepatitis B surface antigen; HVC, hepatitis C virus; MSM, men who have sex with men; NNRTI, nonnucleoside
reverse transcriptase inhibitor; NRTI, nucleoside reverse transcriptase inhibitor; P, protease inhibitor; SD, standard deviation.

“Treatment changes before inclusion were considered as any changes of antiretroviral drug in the regimen. The only exception for ignoring a change was a change between emtricitabine and

lamivudine.

NRTIs, PI+2 NRTIs, and INSTI+2 NRTIs, respectively.
Median (25%-75%) CD4 nadir before inclusion was
320.0 cells/mm? (220.0-480.0) in the NNRTI + 2 NRTTIs group,
364.0 (245.5-500.0) in the INSTI +2 NRTIs group, and 270.0
(170.0-401.0) in the PI+2 NRTIs group.

Patient characteristics for treatment-naive patients receiving
a first treatment only as well as those for patients receiving a
second or subsequent treatment only are presented in
Supplementary Tables 1 and 2.

Figure 2 shows the cumulative incidence of CD4/CD8 out-
come using 5 different cutoff values (>0.3, >0.5, >0.8, >1,
or >1.2). For the CD4/CDS8 ratio of 1 or greater, the cumulative
incidence was 13.6% (95% CI: 12.4-14.8%) for those exposed to
NNRTIs (n=529), 10.4% (95% CI: 9.7-11.2%) for those ex-
posed to PIs (n=767), and 20.3% (95% CI: 18.6-22.2%) for
those exposed to INSTIs (n=494) (all P=.00001). Results
were similar with CD4/CD8 ratios of 0.3, 0.5, 0.8, and 1.2.

The results from the marginal structural Cox model in
Table 2 show that a better CD4/CD8 ratio outcome was reached
for patients exposed to an INSTI compared with those exposed
to an NNRTT or a PI. Using the CD4/CD8 ratio of 1 or greater,
the weighted HRs were .56 (95% CI: .48-.65) for patients ex-
posed to NNRTI + 2 NRTIs and .41 (95% CI: .35-.47) for those
exposed to PI +2 NRTIs, compared with the patients exposed
to INSTI+ 2 NRTIs. The nonoverlapping CIs of the HRs also
suggested that NNRTIs were better than PIs for the normaliza-
tion of the CD4/CD8 ratio. The results were similar using the
CD4/CDS8 ratio cutoffs of 0.3, 0.5, 0.8, and 1.2.

When the analysis was restricted to treatment-naive patients
receiving their first treatment (n = 1041), the weighteds HR for
the CD4/CD8 ratio of 1 or greater were .60 (95% CI: .47-.77)
for patients exposed to NNRTI+2 NRTIs and .41 (95% CIL:
.32-.51) for those exposed to PI+2 NRTIs compared with

those exposed to INSTI +2 NRTIs (Table 3). Table 4 presents
the analyses restricted to patients on a second or subsequent
treatment. Weighted HRs for a CD4/CD8 ratio of 1 or greater
were .78 (95% CI: .66-.92) for patients exposed to NNRTI + 2
NRTIs and .57 (95% CI: .49-.67) for those exposed to PI+2
NRTIs compared with those exposed to INSTI + 2 NRTIs.

DISCUSSION

Our study including patients on their first or subsequent HIV
treatment showed that an INSTI-based regimen seems to be bet-
ter than NNRTI- and PI-based ART for the normalization of the
CD4/CD8 ratio. The majority of previous studies investigating
the impact of therapeutic classes on the CD4/CD8 ratio were
done among treatment-naive patients receiving their first treat-
ment regimen. In such a cohort study including 1876 patients
on NNRTIs, 1804 on PIs, and 291 on INSTIs, Herrera et al
[34] showed that the CD4/CDS8 ratio after 48 weeks after ART
initiation was higher among patients exposed to NNRTIs com-
pared with PIs (adjusted odd ratio [aOR] = 1.50; 95% CI: 1.15-
1.93). This study also found an increase in the normalization
of the CD4/CD8 ratio (>1) in patients on INSTIs compared
with those on PIs (aOR =1.7; 95% CI: 1.1-3.0). The beneficial ef-
fect of NNRTTs was mainly explained by a decrease in CD8 count
(P=.025) and not by the CD4 count, which was not statistically
different between NNRTIs and PIs (P=.702). The Nice cohort
consisting of 567 treatment-naive PLHIV also found a higher
number of patients with a CD4/CD8 ratio of 1 or greater on reg-
imens containing INSTIs compared with those on regimens
without INSTIs (OR=7.67; 95% CI: 2.54-23.2). In this study,
8% (45/567) of patients started a regimen containing INSTIs,
and after 1 year following ART initiation, 22.2% (10/45) had nor-
malized their CD4/CD8 ratio (>1) [33]. In the STARTMRK
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Figure 2. Unadjusted cumulative incidence of the normalization of the CD4/CD8 ratio according to the class of drugs in the triple antiretroviral therapy presented according
to the use of different cutoffs of the ratio. Log-rank test (testing the difference in the unadjusted curves), P=.00001 for the 5 cutoffs of CD4/CD8 ratio. Abbreviations: INSTI,
integrase strand transfer inhibitor; NNRTI, nonnucleoside reverse transcriptase inhibitor; NRTI, nucleoside reverse transcriptase inhibitor; Pl, protease inhibitor.

Table 2. Marginal Structural Cox Model Estimates for the Effect of the Third Active Class in Antiretroviral Therapy on CD4/CD8 Ratio

ART Class Person-years Incident Number Crude HR (95% CI) IPTW? IPCW Weighted Marginal Structural Model, HR (95% ClI)
Ratio CD4/CD8 >0.3

INSTI + 2 NRTIs 890.1 902 1 (reference) 1 (reference)
NNRTI + 2 NRTIs 1329.6 929 .68 (.52-.65) .69 (.49-.70)
Pl'+2 NRTIs 2352.5 1819 .69 (.53-.66) .57 (.48-.67)
Ratio CD4/CD8 >0.5

INSTI +2 NRTIs 1229.7 827 1 (reference) 1 (reference)
NNRTI + 2 NRTIs 1919.0 848 .68 (.52-.65) .60 (.51-.70)
Pl+2 NRTIs 3730.3 1561 .50 (.44-.55) 49 (.42-.57)
Ratio CD4/CD8 >0.8

INSTI+2 NRTIs 1957.62 622 1 (reference) 1 (reference)
NNRTI + 2 NRTIs 3194.11 665 .65 (.48-.62) .58 (.51-.67)
Pl+2 NRTIs 6216.74 1032 41 (.36-.46) 42 (.36-.48)
Ratio CD4/CD8 >1

INSTI +2 NRTIs 2425.42 494 1 (reference) 1 (reference)
NNRTI + 2 NRTIs 3873.01 529 .63 (.47-.61) .66 (.48-.65)
Pl+2 NRTIs 7341.80 767 .40 (.35-.46) 41 (.35-.47)
Ratio CD4/CD8 >1.2

INSTI +2 NRTIs 2794.23 370 1 (reference) 1 (reference)
NNRTI + 2 NRTIs 4456.06 393 .67 (.58-.77) .66 (.56-.77)
Pl'+2 NRTIs 8310.32 525 47 (.41-.54) 44 (.38-.51)

N =3907. Abbreviations: ART, antiretroviral therapy; Cl, confidence interval; HR, hazard ratio; INSTI, integrase strand transfer inhibitor; IPCW, inverse probability of censoring weights; IPTW,
inverse probability of treatment weights; NNRTI, nonnucleoside reverse transcriptase inhibitor; NRTI, nucleoside reverse transcriptase inhibitor; Pl, protease inhibitor.

#Weighted variables: age (continuous), delay in ART treatment initiation (continuous), nadir CD4 (<200, 200-350 and >350 cells/mm?®), treatment changes before inclusion (yes or no),
previously documented virologic failure before inclusion (yes or no), hepatitis C before inclusion (yes or no), cytomegalovirus serostatus before inclusion (yes or no), and year of inclusion
(2006-2009, 2010-2013, and 2014-2017). CD4, CD8, and viral load variables (continuous) were considered time-dependent variables during follow-up.
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Table 3. Marginal Structural Cox Model Estimates for the Effect of the Third Active Class in Antiretroviral Therapy on CD4/CD8 Ratio Among
Treatment-Naive Patients Receiving a First Treatment Only

ART Class Person-years Incident Number Crude HR (95% CI) IPTW? IPCW Weighted Marginal Structural Model, HR (95% Cl)
Ratio CD4/CD8 >0.3

INSTI +2 NRTIs 230.3 349 1 (reference) 1 (reference)
NNRTI + 2 NRTIs 313.5 243 .48 (.39-.59) .52 (.36-.75)
Pl+2 NRTIs 427.9 388 .55 (.46-.66) .57 (.40-.80)
Ratio CD4/CD8 >0.5

INSTI + 2 NRTIs 326.9 321 1 (reference) 1 (reference)
NNRTI + 2 NRTIs 454.2 222 .48 (.39-.58) 0.51 (.37-.69)
Pl+2 NRTIs 730.0 333 .44 (.36-.52) .43 (.32-.58)
Ratio CD/CD8 >0.8

INSTIs + 2 NRTIs 545.1 257 1 (reference) 1 (reference)
NNRTIs + 2 NRTIs 695.8 180 .55 (.45-.67) .56 (.44-.72)
Pls +2 NRTIs 1210.6 222 .37 (.31-.45) .38 (.30-.47)
Ratio CD4/CD8 >1

INSTIs + 2 NRTIs 696.2 204 1 (reference) 1 (reference)
NNRTIs +2 NRTIs 833.3 142 .59 (.47-.74) .60 (.47-77)
Pls +2 NRTIs 1386.5 166 .40 (.32-.50) 41 (.32-.51)
Ratio CD4/CD8 >1.2

INSTIs + 2 NRTIs 815.9 159 1 (reference) 1 (reference)
NNRTIs + 2 NRTIs 960.4 109 .59 (.46-.76) .61 (.47-79)
Pls +2 NRTIs 1569.54 111 .36 (.28-.46) .39 (.30-.50)

N=1041. Abbreviations: ART, antiretroviral therapy; Cl, confidence interval; HR, hazard ratio; INSTI, integrase strand transfer inhibitor; IPCW, inverse probability of censoring weights; IPTW,
inverse probability of treatment weights; NNRTI, nonnucleoside reverse transcriptase inhibitor; NRTI, nucleoside reverse transcriptase inhibitor; P, protease inhibitor.

#Weighted variables: age (continuous), delay in ART treatment initiation (continuous), and nadir CD4 (<200, 200-350 and >350 cells/mm?®). CD4, CD8, and viral load variables (continuous) were
considered time-dependent during follow-up.

Table 4. Marginal Structural Cox Model Estimates for the Effect of the Third Active Class in Antiretroviral Therapy (ART) on CD4/CD8 Ratio Among
Treatment-Experienced Patients Receiving a Second or Subsequent ART Regimen

ART Class Person-years Incident Number Crude HR (95% Cl) IPTW? IPCW Weighted Marginal Structural Model, HR (95% ClI)
Ratio CD4/CD8 >0.3

INSTI +2 NRTIs 659.9 553 1 (reference) 1 (reference)
NNRTI + 2 NRTIs 1016.2 686 .79 (.69-.89) .78 (.64-.95)
Pl+2 NRTIs 1924.6 1431 .86 (.77-.96) .80 (.67-.95)
Ratio CD4/CD8 >0.5

INSTI+2 NRTIs 902.7 506 1 (reference) 1 (reference)
NNRTI + 2 NRTIs 1464.8 626 .75 (.65-.85) .73 (.61-.87)
Pl+2 NRTIs 3000.3 1228 .70 (.63-.79) .64 (.55-.75)
Ratio CD/CD8 >0.8

INSTIs + 2 NRTIs 1412.5 365 1 (reference) 1 (reference)
NNRTIs + 2 NRTIs 2498.3 485 .75 (.65-.87) .77 (.65-.90)
Pls +2 NRTIs 5006.1 810 .62 (.54-.70) .57 (.49-.67)
Ratio CD4/CD8 >1

INSTIs + 2 NRTIs 1729.2 290 1 (reference) 1 (reference)
NNRTIs + 2 NRTIs 3039.7 387 .77 (.65-91) .78 (.66-.92)
Pls +2 NRTIs 5955.2 601 .59 (.51-.69) .57 (.49-.67)
Ratio CD4/CD8 >1.2

INSTIs + 2 NRTIs 1978.3 211 1 (reference) 1 (reference)
NNRTIs + 2 NRTIs 3495.6 284 .76 (.64-.92) .78 (.65-.95)
Pls +2 NRTIs 6740.7 414 .57 (.48-.67) .66 (.47-.68)

N=2866. Abbreviations: Cl, confidence interval; HR, hazard ratio; INSTI, integrase strand transfer inhibitor; IPCW, inverse probability of censoring weights; IPTW, inverse probability of
treatment weights; NNRTI, nonnucleoside reverse transcriptase inhibitor; NRTI, nucleoside reverse transcriptase inhibitor; Pl, protease inhibitor.

Weighted variables: age (continuous), delay in ART treatment initiation (continuous), nadir CD4 (<200, 200-350 and >350 cells/mm?®), and cytomegalovirus serostatus before inclusion (yes or
no). CD4, CD8, and viral load variables (continuous) were considered time-dependent during follow-up.
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study, which included 563 treatment-naive patients, the authors
similarly concluded that raltegravir, an INSTI, was associated
with a higher probability to reach a CD4/CD8 ratio greater
than 0.4 compared with efavirenz (NNRTI) (P=.02) [28].
Studies comparing the 3 therapeutic classes have also been car-
ried out. In a population of treatment-naive patients contribut-
ing to 37149 person-years, Serrano-Villar et al [32] showed a
greater increase in CD4/CDS8 ratio of 1 or greater with INSTIs
compared with NNRTIs (adjusted coefficient: —.70; 95% CI:
—.08, —0.06) and PIs (adjusted coefficient: —.08; 95% CI: —.09,
—.08). In this study, 2820 (41.4%) patients were on an NNRTI,
1574 (23.1%) were on a PI, and 2410 (35.5%) were on an
INSTL The authors of this study did not, however, find a statisti-
cally significant difference between the type of INSTIs (dolute-
gravir, elvitegravir, and raltegravir). In our study, we observed
a difference on CD4/CD8 ratio recovery according to the type
of INSTL. When restricting our analysis to patients with
INSTI-based ART (n=939) and categorizing the treatment
group by the type of INSTI (raltegravir, elvitegravir, or dolute-
gravir), we observed a similar impact of elvitegravir compared
with dolutegravir (weighted HR=1.03; 95% CI: .74-1.43) but
a lower efficacy for raltegravir compared with dolutegravir
(weighted HR =.52; 95% CI: .17-.68) (data not shown).

To our knowledge, the study of Masid et al [35] is the only
study to include PLHIV treated with a first or subsequent
ART regimen. In this prospective cohort study including viro-
logically stable PLHIV (HIV-RNA <400 copies/mL) with a
median (quartiles 25%-75%) follow-up time of 90 months
(44-139 months), a better mean increase in the CD4/CDS8 ratio
was observed among patients on NNRTIs compared with PIs
(adjusted coefficient: —.0912; 95% CL: —.1604, —.0219).
However, there was no statistically significant difference found
when comparing NNRTIs with INSTIs (adjusted coefficient:
—.0968; 95% CI: —.2359, .0423). In this study, 1068 ART regi-
mens from 570 patients were included (<50% were initial reg-
imens in treatment-naive patients), of whom 52.25% (558),
41.10% (439), and 6.65% (71) were treated with PIs, NNRTTs,
and INSTIs, respectively. In our study with PLHIV treated
with a first (n=1041) or a subsequent ART regimen (n=
2866), we did find that INSTIs were better than both
NNRTIs and PIs for the normalization of the CD4/CDS8 ratio
globally and in both groups of first and subsequent treatment.
Although NNRTIs were better than PIs for CD4/CD8 ratio
normalization, they did not reach the levels of normalization
achieved with INSTIs.

In our study, the effect of INSTI-based ART on CD4/CD8
ratio recovery appears to be explained more strongly by a
greater increase in CD4 rather than a decrease in CD8. For
the association between ARVs and CD4 (>350 cells/mm?),
the weighted HRs were .38 (95% CI: .20-.72) for patients ex-
posed to NNRTI + 2 NRTIs and .44 (95% CI: .23-.83) for those
exposed to PI+2 NRTIs compared with the patients exposed

to INSTI+2 NRTIs. For the association between ARVs and
CD8 (<500 cells/uL), the weighted HRs were 1.25 (95% CI:
45-3.46) for patients exposed to NNRTI+2 NRTIs and
1.67 (95% CI: .65-4.24) for those exposed to PI+2 NRTIs
compared with the patients exposed to INSTI+2 NRTIs.
Results were similar when the CD8 variable was dichotomized
using a cutoff of 1000 cells/uL.

Our study has several strengths. First, the data came from a
multicenter cohort study with a large sample size and long
follow-up period. The mean duration of follow-up time of pa-
tients included in our study was 4.8 (SD =3.0) years. We also
used a structural marginal model with longitudinal data using
the Target Trials approach [39]. This approach allowed us to
define causal effects between the time-dependent exposure
and the outcomes including time-dependent confounding fac-
tors that are potentially influenced by the previous exposure
such as CD4 count and VL. Causal inference must satisfy 4 pre-
suppositions to be valid, including positivity, which was vali-
dated by a verification of stabilized weight of our sample. The
average stabilized weights (maximum stabilized weight) among
the entire population were 1.01 (3.00), 1.02 (3.3), 0.96 (2.97),
0.92 (2.58), and 0.89 (2.63) for the models with CD4/CDS8 ratios
0f 0.3, 0.5, 0.8, 1, and 1.2, respectively. These results were sim-
ilar for the analyses restricted to patients receiving a first treat-
ment or to those receiving subsequent treatments. Consistency
was validated using the Target Trials approach with a well-
defined exposure [39]. Non-interference was archived by the
fact that the exposure of 1 patient in 1 group does not affect
the counterfactual result of another patient. Finally, most po-
tential confounding factors known in the literature were con-
sidered, although we recognize that we could not adjust for
adherence to ART and intravenous drug user status, and the
absence of unmeasured confounders cannot be guaranteed.
Residual confounding is also possible because of missing data
for variables such as CMV serostatus.

Conclusions

Our study showed that INSTI-based ART seems better than
NNRTI- and PI-based regimens for normalizing the CD4/
CD8 ratio, a potential marker of reduced immune activation,
among ART-treated PLHIV. Integrase strand transfer inhibi-
tors are newer therapeutic agents that have demonstrated their
virological efficacy with a higher genetic barrier to resistance
among both treatment-naive patients receiving a first treatment
and ART-treated PLHIV. Due to the association between a per-
sistently low CD4/CDS8 ratio and morbidity among PLHIV, it is
important to determine the role of therapeutic classes in nor-
malizing the CD4/CDS8 ratio.

Supplementary Data

Supplementary materials are available at Clinical 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,
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so questions or comments should be addressed to the corresponding
author.
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