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Anthony Hauser & al.

1 Adapted MARISA model

1.1 MARISA model

MARISA is a mechanistic, compartmental model developed to capture the dynamics of HIV NNRTI resistance
among adults in South Africa over the years 2005-2016. It models the continuum of care - including NNRTI-based
first-line and PI-based second-line regimens -, the disease progression, acquisition and transmission of NNRTI-
resistance, and its impact on the efficacy of NNRTI-based regimen. The model was calibrated using different
sources of data: 1) cohort data about more than 30,000 people living with HIV from IeDEA collaboration [I],
2) data from literature, and 3) general HIV estimates at the country scale produced by the Thembisa model.
The Thembisa model is a compartmental model providing UNAIDS with estimates on the South African HIV
epidemic [2].

We adapted this model to investigate the impact of the introduction of DTG-based regimens in South Africa from
2020. The changes include 1) incorporating DTG-based regimen into the continuum of care, 2) distinguishing
between DTG-eligible and -ineligible individuals, and 3) adding a NRTI-resistance dimension.

1.2 Adapted MARISA model

The adapted MARISA model is split in 5 dimensions: 1) care stages (15 levels), 2) disease progression, charac-
terised by the CD4 counts (4 levels), 3) sex (2 levels), 4) NNRTT resistance (2 levels) and 5) NRTI resistance
(2 levels).

The first dimension of the model accounts for the whole continuum of care (see Fig[A). The first three com-
partments model respectively HIV-infection of susceptible individuals and diagnosis (with a distinction between
DTG-eligible and -ineligible women). We then considered the three different regimens - NNRTI-based, PI-based
and DTG-based -, again with a distinction by DTG-eligibility for individuals on a NNRTI-based regimen. For
each of the three regimens, three compartments are used to model treatment initiation ("Treat init.") with sub-
sequent virological suppression ("Supp") or failure ("Fail"). "Treat init." compartments represent individuals
who initiated treatment less than 3 months ago. Before 2020, all individuals receive a NNRTI-based first-line
regimen and switch to the second-line PI-based regimen in case of prolonged failure. From 2020, the DT G-based
regimen is used as a first-line regimen for all DTG-eligible individuals. From this time, DTG-eligible individuals
who are currently on NNRTI-based regimen can transition to DTG-based regimen. PI-based regimen is still
used as a second-line regimen, either for DTG-ineligible patients failing NNRTI-based ART, or for patients
failing DTG-based ART.

The second dimension splits individuals in 4 classes according to CD4 counts: 1) CD4 > 500 cells/uL, 2)
350 < CD4 < 500 cells/pL, 3) 200 < CD4 < 350 cells/uL and 4) CD4 < 200 cells/pL. The third dimension
makes the distinction between male and female. The fourth and fifth dimensions respectively model NNRTI- and
NRTI-resistance. They each have two layers that distinguish between NNRTI-/NRTI-susceptible and -resistant
individuals. We used the following indices to indicate a layer of a dimension: j for the second dimension
(j = 1,2,3,4), k for the third dimension (k = 1,2), [ for the fourth dimension (! = 1,2) and m for the fifth
dimension (m = 1,2).
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Fig A: Adapted MARISA model. Only the first (continuum of care) and the third (sex) dimensions are repre-

sented.

2 Parameters and rates of the adapted MARISA model

2.1 Rates related to continuum of care and disease progression

Rates related to disease progression vopy and Dopy as well as rates related to continuum of care ~y, which
respectively model transition from one to another CD4 class and transition from one to another care stage, were
estimated using observational cohort data from IeDEA-SA collaboration. Survival analyses were performed
using information of more than 30’000 patients from South Africa. Mean estimates and 95% confidence intervals

(95%CI) are reported in Table [A] and
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Table A: Rates related to disease progression. Rates are in month™'.

Parameter

Description

Values [95% CI|

Parameters related to disease progression

CD4 class
1—=2 2—=3 3—4
1/vkp, Average time to progress from one to another CD4 60 36 42
class, at I (taken from [3])
1/vEp, Average time to progress from one to another CD4 60 36 42
class, at D (taken from [3])
1/viin, Average time to progress from one to another CD4 47 [42,54] 30 [28,34] 60 [55,66]
class, at T
1/vEn, Average time to progress from one to another CD4 18 [16,20] 15 [14,16] 22 21,24]
class, at I}
/v, Average time to progress from one to another CD4 32 [14,72] 22 [12,43] 33 [17,64]
class, at Th
1/vE, Average time to progress from one to another CD4 14 [8,26] 15 [8,27] 16 [10,25]
class, at Iy
1+2 23 3«4
1/0En, Average time to progress from one to another CD4 16 [15,17] 16 [15,17] 18 [17,19]
class, at T}
1/921134 Average time to progress from one to another CD4 17 [16,17] 14 [14,14] 9 [9,10]
class, at Sy
1082, Average time to progress from one to another CD4 16 [9,27] 19 [11,31] 41 [23,73]
class, at 15
1052, Average time to progress from one to another CD4 17 [13,21] 14 [11,17] 7 [6,10]
class, at So
Table B: Rates related to transition between care stages. Rates are in month ™.
Parameter ~ Description Values [95% CI]
Parameters related to care stages
CD4 class
1 2 3
. 3.4 3.5 3.6 3.9
Vrriss,  Time from Tj to 8 3.3,3.6] 3.3,3.7] [3.4,3.7] [3.8,4.1]
. 234 22.8 18.9 12.9
ori—r, Time from T to Fy [20.1,27.3] [19.6,26.4] [17.5,20.4] [12.3,13.5]
. 176.3 133.8 62.1 221
Vrsi»p  Time from Sy to Fy [157,197.9] [118.6,150.8] [57,67.6] [20.2,23.9]
. 6.4 12.9 14.3 18.2
/vri—s: Time from Fy to 5 [5.5,7.4] [11,14.9] [12.9,15.9] [16.3,20.2]
. 467.5 376 258.9 166.4
Vrpimr,  Time from Fy to T [243,898.9] [240.4,589.9] [200.7,334.6] [140,199]
. 3.8 3.8 4 )
1/ Time from 75 to 5 [2.7,5.2] [2.6,5.5] [3,5.3] [4,6.4]
. 14.3 14 11.8 7.6
Vrt,sr,  Time from T to F [7.8,26.8] [7.3,27] [7.8,18] [5.9,9.9]
. 61.4 40.9 40 19.1
/ys;r,  Time from S5 to Fy 30.8,122.8 [21.4,78.9] [21.4,74.3] [9,40]
. 2.3 12.9 5.5 11.7
/pys,  Time from Fj to S [1.1,4.1] [3.2,51.3] [2.8,11.3] [4.8,28]
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2.2 Diagnosis, treatment initiation and switching rates

Diagnosis rates depend on sex and CD4 class and treatment initiation rates depend on CD4 class. They have
been described in details in [4], S1 File, Section 1.3. In the adapted MARISA model, we assumed that diagnosis
rates are constant from 2016, while the treatment initiation rate has been adapted in order to model the impact
of the Treat-All policy. We increased treatment initiation rates for the first three CD4 count classes from 2017
to 2022 in order to have identical rates from 2022, irrespective of CD4 counts (see Fig . To ensure a proportion

.. . . k.eli k.inel .
p1 of DTG-eligible women, two diagnosis rates are used v,y := p1 -5, p, 774 == (1 —p1) 75, p, in order
to distribute women into the two DTG-eligibility classes.

1.00
0.75
CDA4 class
g 200<CD4<350
é 0.50 === 350<CD4<500
5. = CD4<200
CD4>500
0.25
0.00
2005 2010 2015 2020 2025

Calendar year

¢ <79 (¢) multiplied by r¢P4, representing the
lower treatment initiation rate of CD4 class i relative to the CD4 class i = 4. These two components are parts

of the overall treatment initiation rate vh_, 5, (t) = ySna<200 . p£l9 (1) . pEPA . ptime p),

Fig B: r£9(t) - r@P4 represents the level of treatment eligibility r¢

We rescaled the switching rates from unsuppressed NNRTI-based regimen to PI-based regimen ﬁ,fﬁgT/Q el in

order to reflect PI-coverage in South Africa (~ 4% in 2016 according to [5]). The new rates ’y]}’leﬁ% el can be

found in Table [Bl

2.3 Resistance rates

Two rates model the flow between the two NNRTI-resistance layers: the reversion rate o,., and the rate of
acquiring NNRTL-resistance oY N 71 Reversion to wild-type occurs when no more drug pressure is exerted, i.e.
in the "Infected" and "Diagnosed" compartments. An individual can acquire NNRTI-resistance when failing
first-line regimen. Both parameters .., and o V7T were collected from literature and can be found in Table

res
[
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Table C: Parameters collected from literature. As mortality estimates in the fourth CD4 class vary according
to the proportion of people with C'D4 < 50 cells/;L, lower and upper bounds are given (see [4] S1 File Section

1.2 for more details). The mortality risk p in CD4 class j (i = 1,...,4) and care stage X (X =1,D,Ty,...)

is given by: ph = o - i

Parameter Description Values Ref
Resistance parameters
1/oNNETI  Time to acquire NNRTI-resistance (in month) 5 [6), 7, 18, [9, [10]
1/oNETI Time to acquire NRTI-resistance (in month) 40 [11]
1/0rew Time to revert back to wild-type (in month) 125 [12]
a1 Impact of NNRTI-resistance on NNRTI-based ART 1.97 [13] 14]
o Impact of NNRTI-resistance on NNRTI-based ART 3.24 [13] 14]
Qs Impact of NRTI-resistance on DTG-based ART 1 [15] 16}, 17]
oy Scaling factor for the efficacy NNRTI-based 1.62 [
regimen (see Section
as Scaling factor for the efficacy DTG-based 0.85 [18]
regimen (see Section
Other parameters
V0,0 probability that a male infects a male (per act) 0.8% [19]
V0,1 probability that a male infects a female (per act) 0.3% [19]
V1,0 probability that a female infects a male (per act) 0.3% [19]
£0.0 percentage of MSM 5% [20]
i relative mortality risk [21] [22]
(Ref: suppressed indiv. with CD4>500) CD4 class
1 2 3 4
fi7pt mot treated (I and D) 1.6 2 46  40.9-134.4
fir, 7, started treatment (77 and T5) 2.5 2.6 3.1 10-50.7
/]fgl/s2: suppressed (S; and Ss) 1 1.3 2 8.3-41.7
i, /5, failed (Fy and Fy) 3.9 3.9 4.3 11.8-59.7

For the sake of simplicity and in view of the scarcity of evidence on the impact of NRTI-resistance on DTG-
based regimen, the dimension modelling NRTI-resistance has only two layers that distinguish between NRTI-
resistant and NRTI-susceptible individuals. NRTT resistance is defined as having both the K65R and the M184V
mutations, which confers high level of resistance to tenofovir (TDF) and lamivudine /emtricitabine (3TC/FTC),
respectively. In view of the low level of NRTI pre-treatment drug resistance (PDR) [12} 23], we assume that
NRTT resistance is not transmitted. The rate oX.Z7! models the process of acquiring NRTI-resistance, which
occurs when individuals are failing first-line NNRTI-based regimen. We calibrated oY #77 using results from a
meta-analysis that estimates the prevalence of NRTT resistance mutation after 3 years on a failing NNRTI-based
first-line regimen [II]. This meta-analysis found that 75% of them had the K65R mutation and 73% the M184V
mutation. Assuming no association between the two mutations as suggested by [24], we inferred o271 so that

54.8% (i.e. 75%-73%) of individuals failing NNRTI-based regimen were resistant to NRTI after 3 years of ART.
We found oV ETT = 1/40 months ™" (see Table .

Tes

2.4 Impact of NNRTI-resistance on NNRTI

Unlike the previous MARISA model, the adapted MARISA used two parameters a1 and ai to model the impact
of NNRTT resistance on NNRTT treatment response. Both parameters increase the previously estimated rates of
failure vy, F,, vs, —F, and decrease the suppression rates yr, g, and vr, g, for NNRTI-resistant individuals,
but at different treatment stages. While o4 represents the impact of NNRTI resistance among individuals having
just started treatment (less than 3 months), s models this impact at the later stage of treatment. In order that
the MARISA model achieves the same suppression level with these modified rates as estimated from IeDEA-SA
cohort data, we used a third scaling parameter a4 which increases the overall suppression rates and decreases
the failing rates. The different failing and suppression rates according to CD4 class j and NNRTI-resistance

status [ are given in Eq The rates vr, 5, Y1755, Vs, —F and yg g, represent the overall suppression
and failure rate for NNRTI-based ART, as estimated with IeDEA cohort data (see Tables [A] and [B).

’Y%’lliOFl =1/as V1R (1)

SUPPLEMENTARY MATERIAL December 4, 2020 6
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Ve = onfou v Sp (2)
s =13 =75k (3)
s = 13 =5k )
Wiﬂ’lliosl =04 VPS5, (5)
Vs, = au/az - E s, (6)
VS = 1/aa 8,58 (7)
nglilpl =aa/ay Vs, (8)

The three parameters aj, as and az were simultaneously calibrated using two different kinds of data. To
identify a3 and as, we used estimates from two studies that compared level of NNRTT failure between NNRTI-
susceptible and NNRTI-resistant individuals. Both studies reported a hazard ratio (HR) of ART failure between
NNRTI-resistant and NNRTI-susceptible people of 3.13. To identify a4, we used the overall suppression level
of 88% for NNRTI-based regimen, as estimated from IeDEA cohort data. The values of the three parameter
estimates are given in Table The higher estimated value of ay compared with a; (a3 = 1.97, as = 3.24)
reflects the long-term impact of NNRTI-resistance on the NNRTI-treatment response.

2.5 DTG-efficacy and impact of NRTI-resistance on DTG

In this updated MARISA model, we also model the potential impact of NRTI-resistance on DTG-based regimen.
We used the same suppression and failure rates for DTG-based regimen as for NNRTI-based one, but replace the
scaling factor ay by as, to take into account the difference in treatment efficacy between NNRTI and DTG. The
scaling factor a5 was calibrated to reflect results of the NAMSAL study [18], which observed a crude odds ratio
(OR) of failure of 1.46 between NNRTI- and DTG-based regimens, after 48 weeks of treatment. To do so, we
fitted the OR calculated by the MARISA model to the OR observed in NAMSAL studies, taking into account
the different baseline characteristics (distribution of CD4 counts and level of baseline NNRTT-resistance) of the
NNRTI- and DTG-groups. After these adjustments, we found an OR of 1.02 between the two groups, assuming
that they are both susceptible to their respective ART regimen (i.e. no NNRTI-resistance). This decrease in
OR after adjustment is due to the fact that the NNRTI-group in the NAMSAL had lower baseline CD4 counts
and that part of them had baseline NNRTI-resistance. Other efficacies of DTG-based regimens, corresponding
to ORs of 2 and 5, were investigated in the sensitivity analysis (see Section .

As a simplifying assumption, all individuals that transitions to DTG-based regimen are considered to have
received a NNRTI-drug combined with TDF and 3TC/FTC and to keep this NRTI-backbones combination after
transitioning to DTG-based regimen. This assumption is motivated by the expected reluctance of clinicians to
prescribe zidovudine (AZT) for TDF-experienced individuals transitioning to DTG due to its side effects. In
the case where NRTT backbones would be adapted when transitioning to DTG, the model might overestimate
the impact of NRTT resistance on DTG-based regimen. We applied the same approach to model the impact of
NRTI resistance on DTG-based regimen as we did to model the impact of NNRTT resistance on NNRTI-based
regimen. The suppression and failure rates for NRTI-resistant individual starting a DTG-based regimen are
respectively divided and multiplied by a factor as. The different failing and suppression rates according to CD4
class j and NRTI-resistance status m are given in Eq

’Y%;::Fz =1/as -y 5r 9)
vﬂ"fﬁs = a3/as V1 >F (10)
s = 1/3 = Hoh, (11)
s, = 1/3 = on, (12)
7%:1533 = Q5 VF =5, (13)
7};&2513 = as/az YR s, (14)
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_—

VégT:Fs = 1/0[5 CYS1—Fy (15)
jm=1

Yok, = a3/as s, (16)

In the main analysis, we calibrated a3 so that the odds ratio (OR) of DTG-failure between NRTI-susceptible
and -resistant individuals takes two particular values : OR=1, OR=2. Higher impact of NRTI-resistance on
DTG-based regimen (OR=5) is investigated in the sensitivity analysis, together with different DTG-efficacies
(see Section [5)).

2.6 Other parameters: HIV transmission and mortality

The MARISA model accounts for both heterosexual and homosexual HIV-transmission, with different risks
of transmission per intercourse. We also assumed that undiagnosed individuals have a more risky behaviour.
Parameters related to HIV-transmission were either collected from literature (see Table |C)) or estimated using
results from Thembisa model (see Table [D]). We assumed that mortality depends on both the CD4 counts and
the treatment stage. Relative mortality estimates were collected from literature (see Table and a scaling
parameter, representing the mortality risk among suppressed invidual with CD4>500 copies/ml, was fitted
to HIV-mortality estimate provided by the Thembisa model. More information about HIV-transmission and
mortality can be found in S1 Text of [4].

Table D: Parameters estimated from outputs of the Thembisa model.

Parameter Description Values

B Number of unprotected sexual acts per month 3.1
(for undiagnosed individual)

Ba Number of unprotected sexual acts per month 1.24
(for diagnosed individual)

Y1—p(2016) /v7—,p(2005) Ratio of diagnosis rates between 2005 and 2016 44

1/v71-p(2005) Time to diagnosis in 2005 (in month) 26

1/vp—r, (2005) Time to ART initiation in 2005 (in month) 60

Lo Mortality risk (in (month - 1000 people)~1) 0.08

for a suppressed individual with C'D4 > 500 cells/uL

SUPPLEMENTARY MATERIAL December 4, 2020 8
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3 Model simulation

3.1 Prospective scenarios

We simulated 2 different scenarios:

1. DTG only used in first-line regimen of ART-initiators and, as second-line, in patients failing NNRTI-based
ART (vp_yps and vpy_,ps in Fig[A),

2. DTG used as initial first-line regimen (for ART-initiators), with all patients on NNRTI-based regimens
being switched to a DTG-based regimen (all the red arrows).

Within these 2 scenarios, 4 sub-scenarios investigated the impact of different percentages p; of DTG-prescription
for women: a) no women (0%), b) women outside reproductive age (17.5%), c) women outside reproductive
age or using contraception (63%), and d) all women (100%). Percentage in b) is calculated with the help of
IeDEA-SA cohorts [I] which estimated that 17.5% of adult women under ART were older than 49. Percentage
in c) is calculated with the help of both IeDEA-SA estimate and World Bank [25], which estimated that 54.6%
of women aged 15-49 in South Africa were using any contraception method in 2015:

p1 :=P(women eligible for DTG)
=1 —-1P(15 < age < 49 & no contraception|women on ART)
=1 —P(15 < age < 49|women on ART) - P(no contraception|15 < age < 49 & on ART)
=1—(1—0.175) - (1 — 0.546) = 63%.

(17)

As no information about contraceptive prevalence in South African adult women on ART have been found, we
approximated it by the contraceptive prevalence in the general South African adult women population (see[17).
By definition, the percentage py of DTG-eligible men is 100%.

3.2 Sensitivity analysis

In the sensitivity analysis, we perturbed eight parameters 200 times using a Latin Hypercube Sampling method
(see Table . Table K| displays the main values of the eight parameters, which were informed from literature
and lower and upper bounds, chosen to reflect plausible values of the parameters. As varying the transmission-
related parameters may modify the overall transmission rate, an adjustment is made to have a transmission
rate similar to the baseline model. We ran the sensitivity analysis for each prospective scenario (13 different
scenarios in total).

Table E: Parameter ranges used in sensitivity analysis. Lower and upper bounds for a; and ay were determined
in order to have an OR of ART failure between NNRTI-susceptible and -resistant individuals of 1 and 5,
respectively. For as, lower and upper bounds were determined in order to have an OR between NNRTI- and
DTG-failure of 1 and 2, respectively.

Parameter Definition Value Lower Upper
bound bound
Resistance-related parameters
1/oNNRTI Time to acquisition of NNRTT resistance (months) 5 3 9
1/0rew Time to reversion to wild-type virus (months) 125 36 200
o Impact of NNRTI resistance on NNRTI-based ART 1.97 1 (OR=1) 3.1
(OR=5)
Qo Impact of NNRTI resistance on NNRTI-based ART 3.24 1 (OR=1) 5.1
(see Eq (OR=5)
Qs Scaling factor for the efficacy DTG-based ART 0.85 0.84 1.25
(OR=1) (OR=2)
Transmission-related parameters
£0.0 Percentage of MSM 5% 1% 10%
Vo.0/v0,1 Increase in risk of transmission in MSM (see Table 2.7 1 5
- Ratio between HIV prevalence in MSM and in HET 1 1 3

SUPPLEMENTARY MATERIAL December 4, 2020 9
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4 Model ODEs

4.1 Description of the compartments

Table [F] describes the compartments used in the model, while model ODEs are given in Equations

Table F: Description of the compartments used in the model.

Notation Description Definition

Dimensions/Compartments

J index for the 2nd dimension (CD4 counts) j=1,2,3,4 (4 CD4 strata)
k index for the 3rd dimension (sex) k = 0: men, k = 1: women
l index for the 4th dimension (NNRTI-resistance) 1 = 0: NNRTI-susceptible
[ = 1: NNRTI-resistant
m index for the 5th dimension (NRTI-resistance) m = 0: NRTI-susceptible
m = 1: NRTI-resistant
DIFm(¢) number of infected (not diagnosed) indiv.
DI, number of diagnosed (not treated) indiv.
DI (1) for resp. DTG-eligible and -ineligible ind. (by def. DI*7"(t) = 0)

NNRTI-based treatment

le k;ll:r;(t), number of indiv. that have started NNRTI-based treatment for less than 3 months
f’jjjgl(t) for resp. DTG-eligible and -ineligible ind. (by def. 7Y% () = 0)
Sq eh g(t), number of suppressed indiv. on NNRTI-based treatment
S{kzl:;l(t) for resp. DTG-eligible and -ineligible ind. (by def. S{OZZZLZ[( ) =0)
F eh q(t), number of indiv. failing NNRTI-based treatment
Ff’:f;gl (t) for resp. DTG-eligible and -ineligible ind. (by def. Fljgfgl(t) =0)
PI-based treatment
Ty klm(t) number of indiv. that have started PI-based treatment for less than 3 months
S%klm (t) number of suppressed indiv. on PI-based treatment
FIM™ (1) number of indiv. failing PI-based treatment
DTG-based treatment
™ (¢) number of indiv. that have started DTG-based treatment for less than 3 months
Sgklm(t) number of suppressed indiv. on DTG-based treatment
FIFm ) number of indiv. failing DTG-based treatment
Aggregated compartments
Susck number of susceptible indiv. of sex k
Infk(t) number of undiagnosed indiv. Infr(t) .= I*(¢)
Infk(t) number of infectious diagnosed indiv.

SUPPLEMENTARY MATERIAL December 4, 2020
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4.2 Model ODEs

The rates 7y represent the transition between care stages, vcp4 the transition between CD4 stages and p;; the
mortality. The rate o, represents reversion of NNRTI-resistance when no more drug pressure is exerted, while

NNRTI
Ores res

and o NETT represents the rates of acquiring NNRTTI resistance and NRTI resistance, respectively, when

an individual is failing NNRTI-based treatment. To model new infections, we used (3, and (4 the respective
monthly number of sexual contacts among undiagnosed and diagnosed individuals, p , the assumed proportion
of heterosexual individuals within men and women and vy, ;- the probability of HIV transmission per sexual act.
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5 Sensitivity analysis and additional results

The main sensitivity analysis reflects the uncertainty about eight parameters related to resistance and HIV-
transmission. The 95% sensitivity ranges in 2040 for each scenario are shown in Fig 3 of the main manuscript.
The evolution of uncertainty over time is represented in Fig|C| which displays the 95% sensitivity ranges from
2005 to 2040 for each scenario. The difference in NNRTI TDR levels over time between the different scenarios of
DTG-introduction and the scenario where DTG is not introduced is displayed in Fig@ with the 95% sensitivity
ranges. Fig[E]diplays the predicted percentage of women failing NNRTI-based ART after 1 and 2 years of ART
in 2025 and 2035, depending on the scenario of the rollout of DTG-based ART. Finally, we simulated three
sensitivity analyses in order to investigate 1) the impact of the Treat-All policy, 2) the impact of treatment
interruption, and 3) the impact of NRTI-resistance and higher efficacy of DTG.

2 ¥
A = 60%-
= === All on NNRTI
04
O 40%- = Only men on DTG
|_
= 20%- All men and women not of childbearing age on DTG
GZ: All men and women not at risk of pregnancy on DTG
Z 0% i T U T T
2010 2020 2030 2040 === All men and women on DTG
Calendar year
B | C | D |
04 | 0% 0/ -
60% IDTG 60% IDTG 60% IDTG
40% - 20% - Jintroduction 20% - Jintroduction
| |
20% - 20% A I 20% A I
0% - 0% A 1 0% A 1
I I I
0/ = 04 - 0/f -
60% IDTG 60% IDTG 60% IDTG
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= I 3 I < I
S 20%- S 20%- S 20%-
E | E | E 1
% 0% A 1 g 0% A 1 g 0% A 1
= I = I = I
= 60% - = 60% = 60% A
fe 60% IDTG fe 60% IDTG fe 60% IDTG
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40% | 40% | 40% |
| | |
20% - 20% A 20% A
| | |
0% - | 0% A | 0% A 1
| | |
0/ = 0/ 0/
60% IDTG 60% IDTG 60% IDTG
20% - Jintroduction 20% - Jintroduction 20% - Jintroduction
| | |
0 7 09 09
20% I 20% I 20% I
2010 2020 2030 2040 2010 2020 2030 2040 2010 2020 2030 2040
Calendar year Calendar year Calendar year

Fig C: Level of NNRTI PDR according to different levels of DT G-eligible women (colors), and different strategies
of DTG-introduction. Panel A: no DTG-introduction; panel B: DTG used as a first-line regimen; panel C: DTG
used for all patients; panel D: DTG used for all patients, assuming an OR of failure of 2 when having NRTI-
resistance. The solid lines correspond to the simulations with the fixed parameter values and the shaded areas
represent the 95% sensitivity ranges.
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All men and women not of childbearing age on DTG === All men and women on DTG

Fig D: Difference in level of NNRTI PDR from 2020 to 2040 between the different strategies of DTG-introduction
and the scenario where DTG is not introduced. Panel A: DTG used as a first-line regimen; panel B: DTG used
for all patients; panel C: DTG used for all patients, assuming an OR of DTG-failure of 2 when having NRTI-
resistance. The solid lines correspond to the simulations with the fixed parameter values and the shaded areas
represent the 95% sensitivity ranges.
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Fig E: Predicted percentage of women failing NNRTI-based ART after 1 and 2 years of ART in 2025 and 2035,
depending on the scenario of the rollout of DTG based-ART.

5.1 Effect of no Treat-All policy

We previously assumed that the Treat-All policy increased the treatment initiation rates for people with C D4 >
200 cells/pL from 2017 to 2022. Here, we investigated the scenario where the Treat-All policy does not have
any impact on the treatment initiation rates (which is equivalent to assuming no Treat-All policy, see Fi.
Globally, assuming a Treat-All policy increases the levels of NNRTI PDR for each scenario, but does not change
our conclusion (see Fi.

CDA4 class

=== 1: CD4>500
== 2: 350<CD4<500
=== 3: 200<CD4<350
=== 4: CD4<200

CD4
i

o

elig
i

r

Scenario
m— Treat-All

= 1 no Treat-All

2005 2010 2015 2020 2025
Calendar year

Fig F: 7" (t) . r&P4 represents the level of treatment eligibility r¢"*?(¢) multiplied by r&P*, representing the

K3
decrease in treatment initiation rate in CD4 class i relative to the fourth CD4 class (CD4 < 200 cells/uL). In
the scenario where we assumed no impact of the Treat-All policy on the treatment initiation rates, the rates

remain unchanged from 2016.
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Fig G: Levels of NNRTTI resistance when assuming increase in treatment initiation rates due to the Treat-All

policy ("Baseline Model") and when assuming identical treatment initiation rates from 2017 ("No Treat-All

policy"). Dolutegravir is introduced in 2020 under three scenarios: DTG as first-line regimen for ART-initiators

(panel A), DTG for all patients (panel B), DTG for all patients, assuming an OR, of failure of 2 when having

NRTI-resistance (panel C), and with different eligibility criteria for women (colors).
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5.2 Effect of treatment interruption

We introduced treatment interruption rates for the three ART regimens. Table [G] shows these rates estimated
from IeDEA-SA data [I]. The introduction of treatment interruption did not substantially change the results

(see Fig[H).

Table G: Treatment interruption rates. Rates are in month™*

Parameter Description CD4 class
1 2 3 4
1/vr—p Time from Ty /T5/T5 to D 414 322 172 156
1/vs=p Time from S7/S2/Ss3 to D 2069 1241 759 368
1/vr5p Time from F}/Fy/Fsto D 621 478 285 129
Baseline model Treatment interruption
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=== Only men on DTG All men and women not at risk of pregnancy on DTG

Fig H: Levels of NNRTI resistance using the baseline model ("Baseline Model") and when including treatment
interruption ("Treatment interruption"). Dolutegravir is introduced in 2020 under three scenarios: DTG as first-
line regimen for ART-initiators (panel A) or DTG for all patients (panel B), DTG for all patients, assuming
an OR of failure of 2 when having NRTI-resistance (panel C), and with different eligibility criteria for women
(colors).
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5.3 Effect of NRTI-resistance and higher efficacy of DTG

We assessed the impact of NRTT resistance and higher efficacy of DTG-based regimen on the level of NNRTI
PDR. We investigated three different scenarios regarding the impact of NRTI-resistance: 1) no impact (i.e OR
of failure between NRTI-resistant and NRTI-susceptible individuals equals 1), 2) OR=2, and 3) OR=5. A
meta-analysis comparing DTG-monotherapy with DTG-dual therapy found an odds ratio of failure of 13.9 after
48 weeks (8.9% vs 0.7% of failure, respectively) [17] However, we expect lower difference between NRTI-resistant
and -susceptible individuals, as some activity of the NRTI-backbones are observed even in resistant individuals
[I5]. Another study comparing DTG-efficacy according to the presence of specific NRTI-mutations found a HR
of 3.23 (95%CI: 0.27-38.40) when having the K65R mutation and a HR of 0.99 (95%CI: 0.19-5.21) when having
the M184V, suggesting low impact of NRTI-resistance on DTG-failure [16].

We also investigated three different scenarios regarding the efficacy of DTG compared with NNRTI: 1) OR of
failure between NNRTT- and DTG-based regimen of 1.02, 2) OR=2, and 3) OR=5. The first scenario refers to
the results of the NAMSAL study after the adjusting for CD4 counts (see Section . The two other scenarios
were investigated in view of the higher efficacy of DTG compared with NNRTT found in some studies [26].

OR(failure]| NNRTI vs DTG) = 1.02 OR(failure|] NNRTI vs DTG) = 2 OR(failure| NNRTI vs DTG) = 5
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Fig I: Levels of NNRTI TDR from 2010 to 2040, when assuming that DTG is used both as first-line and switch
regimens. Different impacts of NRTT-resistance on DTG-failure (horizontally) and different DTG-efficacies
(vertically) are investigated.
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