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Cost and cost-effectiveness of dolutegravir-based
antiretroviral regimens: an economic evaluation

of a clinical trial

Lise Jamiesona, Celicia Serenatab,M, Lebogang Makhubeleb,

Simiso Sokhelab, Nkuli Mashabaneb, Godspower Akpomiemieb,

Leigh F. Johnsonc, Willem D.F. Venterb and Gesine Meyer-Ratha,d

Background: HIV programmes world-wide currently make decisions regarding new
antiretroviral therapy (ART) regimens with less side-effects and higher resistance
barriers, which may improve adherence and viral suppression. Economic evaluation
helps inform these decisions.

Methods: We conducted an economic evaluation of three ART regimens included in
the ADVANCE trial from the provider’s perspective: tenofovir alafenamide (TAF)/
emtricitabine (FTC)þdolutegravir (DTG) and tenofovir disoproxil fumarate (TDF)/
FTCþDTG, compared with TDF/FTC/efavirenz (EFV). We used top–down and
bottom–up cost analysis with resource utilization based on trial data and
adjusted to emulate routine care. We estimated the cost-effectiveness of each
regimen as cost per person virally suppressed or retained and per life-year saved,
at 48 and 96 weeks.

Results: Though the DTG-based trial arms were 2% more costly than TDF/FTC/EFV,
both had slightly lower cost-per-outcome ($9783 and $9929/patient virally suppressed
for TDF/FTCþDTG and TAF/FTCþDTG, respectively) than TDF/FTC/EFV ($10 365). The
trial cost per additional virally suppressed patient, compared with TDF/FTC/EFV, was
lower in the TDF/FTCþDTG arm ($2967) compared with TAF/FTCþDTG ($3430). In
routine care, cost per virally suppressed patient was estimated as similar between TDF/
FTCþDTG ($426) and TDF/FTC/EFV ($424) but more costly under TAF/FTCþDTG.
Similar results were seen in the cost per additional person retained across scenarios.
When modelled over 20 years, TDF/FTCþDTG was more cost-effective than TAF/
FTCþDTG ($10 341 vs $41 958/life-year saved).

Conclusion: TDF/FTCþDTG had similar costs per outcome as TDF/FTC/EFV in the
routine care scenario but TDF/FTCþDTG was more cost-effective when modelled over
20 years. Copyright � 2021 The Author(s). Published by Wolters Kluwer Health, Inc.
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Introduction

South Africa has the largest HIV epidemic globally, with
an estimated 7.5 million people with HIV (PWH), and
5.2 million accessing antiretroviral therapy (ART) in 2019
[1]. Since 2013, the standard first-line regimen for HIV
treatment has been tenofovir disoproxil fumarate (TDF)
combined with efavirenz (EFV), and lamivudine (3TC)
or emtricitabine (FTC). This regimen has a low resistance
barrier, with 5–8% developing resistance to EFV-based
regimens [2]. In 2013, the United States Food and Drug
Administration (FDA) approved the use of the second-
generation HIV integrase strand transfer inhibitor
(INSTI), dolutegravir (DTG), which has better tolera-
bility, less side-effects, and a higher resistance barrier
compared with other INSTIs (raltegravir), protease
inhibitors (atazanavir, darunavir) and EFV [3–8]. There
were initial concerns of an association between neural
tube defects in infants born to mothers on DTG-based
regimens at conception with an incidence of 0.94% [95%
confidence interval (CI) 0.37–2.4%], a six-fold to nine-
fold increase over non-DTG-based regimens [9].
Updated results have since shown the incidence of neural
tube defects to be smaller than previously suggested at
0.3% (95% CI 0.13–0.69%) [10]. Since then, several
studies in high-income countries, and the WHO global
database of individual case safety reports, VigiBase, have
shown no association between DTG and neural tube
defects [10]. Tenofovir alafenamide (TAF), a successor to
TDF, has an improved side-effect profile and similar viral
suppression outcomes in comparison to TDF [11,12].

To establish the effectiveness of DTG-based and TAF-
based regimens in the South African setting, the
ADVANCE trial was conducted in 2017–2020. The
trial was a 96-week randomized phase 3 noninferiority
trial of three ART first-line regimens: TAF/FTCþDTG,
TDF/FTCþDTG, and TDF/FTC/EFV. Trial recruit-
ment started in January 2017; 48-week follow-up was
completed in May 2019, 96-week follow-up in March
2020. The trial established that at 48 and 96 weeks the
DTG-based regimens were noninferior compared with
the standard regimen at the time (TDF/FTC/EFV) with
respect to viral load suppression. However, patients in
both DTG-based arms experienced substantial weight
gain over the course of treatment, a result persisting by
96 weeks post-ART initiation with an increase of 7.1 kg
(TAF-based arm) and 4.3 kg (TDF-based arm) over
baseline weight, compared with 2.3 kg in the EFV-based
arm [13]. Additional safety data will be collected in the
current extension to 192 weeks, with results expected in
2022. TAF has not yet been included in the WHO
recommendations because of limited data on the use in
low-income and middle-income countries, and in
patients with tuberculosis and pregnant women [14].

Based in part on the ADVANCE trial, in 2019 the South
African government updated the ART guidelines [15] to

include a fixed-dose combination for adults on first-line
ART consisting of TDF (300 mg), 3TC (300 mg), and
DTG (50 mg).

A number of studies have evaluated the cost and cost-
effectiveness of DTG-containing ART [16–22], with a
few studies in sub-Saharan Africa [23–25], and TAF/
DTG combinations [26,27]. Most found DTG to be a
cost-effective treatment option in both treatment-naı̈ve
and experienced adults, compared with TDF/FTC/EFV
as well as raltegravir-based and darunavir-based regimens.
In these studies, cost-effectiveness was assessed in
comparison to a threshold based on country-specific
gross domestic product (GDP), or based on comparator
ART regimens.

We performed an economic evaluation of the
ADVANCE trial in order to provide evidence on the
cost-effectiveness of DTG-based and TAF-based regi-
mens compared with EFV-based regimens in South
Africa, under both a trial and a routine care scenario.

Methods

Cost analysis
We evaluated the trial up to the point where all patients
had reached the primary 48-week outcome, which
amounted to the period between January 2017 and May
2019. Patient trial data was used to ascertain resource
utilization for laboratory testing, scheduled/unscheduled
visits, and dispensing of medications for concomitant
diseases (including medications for non-HIV related
disease, e.g. diabetes, hypertension, as well as vitamins
and contraception), and study drugs (i.e. ARTregimen). As
concomitant medication records did not specify number of
units dispensed, we estimated this based on start and stop
dates, and doses. Site visits were conducted to determine
resource utilization for equipment used during the trial.

Both financial and economic costs were analysed from the
provider’s perspective using a combination of top–down
and bottom–up cost analysis. Financial records of
expenditure on equipment, consumables, staff salaries,
study drugs, medications for concomitant conditions,
laboratory testing and overheads (office/clinic rental,
facility fees) were acquired directly from the study sponsor,
Ezintsha Wits RHI. Equipment cost was adjusted to the
study period (January 2017–May 2019) after annualizing
costs based on the expected duration of the full trial
(4 years), discounted at the average repurchase agreement
rate for South Africa in 2019 of 6.5% [28], and multiplying
by 2.41 years (the duration of the study period).

Resource costs were checked against financial records
provided. As not all medications for concomitant diseases
dispensed during the trial were found in pharmaceutical
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invoices, we used the single exit price (SEP) from the
2019 medicine price registry [29], a database of medicine
prices regulated by the South African government, after
determining that majority of invoices aligned with private
sector costs, or, for a select few medication prices for
which we did not have an exact price, from the South
African public-sector master procurement catalogue
(MPC) [30]. As DTG and TAF were donated by the
manufacturer, we include their market value (ascertained
from invoices) in the economic cost analysis. Patient-level
costs (laboratory testing, ART, medications for concomi-
tant diseases, visit reimbursement) were attributed to the
treatment arm, which the patient was randomized to.
Staff salaries, costs of equipment, consumables and
overheads were assigned to arms based on number of
patient visits in that arm. We used the Mann–Whitney U
test to compare total trial cost between arms.

Costs incurred between 2016 and 2018 were adjusted to
2019 prices using one of four methods: based on
guidelines for allowed drug price increases in the private
sector [29]; equipment and consumable costs were
inflated based on the average annual consumer price
index [31], for laboratory costs, the price paid in 2019 was
used and staff salaries were increased by the average annual
salary increase calculated from the trial salary data. All

costs are presented as 2019 United States Dollar (USD),
using the average exchange rate for January to May 2019
(14.13 South African Rand (ZAR)¼ 1 USD) [32].

Outcomes
We evaluated trial cost per outcome for two outcomes
ascertained at the 48-week endpoint: the number of
patients who remain virally suppressed (defined as the
number of patients with viral load <50 copies/ml at their
week 48 visit), and the number of patients retained on
ART (defined by the number of patients who had at least
48 weeks of follow-up). DTG-based and TAF-based
regimens have a noninferior, and in some trials superior,
rates of viral suppression [3,4,11], and patients on these
regimens have also reported a lower number of side-
effects and increased tolerability, which may improve
patient retention [5].

Routine care scenario adjustment
Wee constructed a routine care scenario representative of
care levels at a standard public sector primary healthcare
(PHC) clinic (Table 1), by adjusting the trial-induced
resource use (such as additional visits, higher staff cadres
and regular laboratory tests for safety monitoring). We did
this for both the first and second year of ART, using 48-
week and 96-week trial outcomes, respectively, and
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Table 1. Routine care scenario adjustments.

Category Quantity Cost (2019 USD) Cost source

Staff Adjusted for number of trial
visits per patient

$15.71 per visit Long et al. [33]

Equipment $1.51 per visit
Consumables $0.09 per visit
Overheads $3.27 per visit
Laboratorya

Viral load Two per patient (repeat in
cases if 6-month viral load
>50 copies/ml)

$24.02 per test

CD4 count One per patient (repeat in
cases if 6-month viral load
>1000 copies/ml)

$4.71 per test

GeneXpert tuberculosis
test

As per trial data $13.59 per test National Health Laboratory Service
[34]

Creatinine One per patient $2.15 per test
Hepatitis B surface
antigen

One per patient $8.91 per test

Haemoglobin One per patient $1.28 per test
Full blood count One per patient $4.11 per test
Pap smear One per female patient $10.93 per test
Pregnancy test As per trial data $0.25 per test

Drugs
Medications for

concomitant diseases
As per trial data Variable prices; median cost per unit of

medication ¼ $0.04 (interquartile
range $0.01–$0.17)

Master Procurement Catalogue [30]

Study drugs
TDF/FTC/EFV As per trial data $0.22 per pill Master Procurement
TDF/FTC As per trial data $0.16 per pill Catalogue [30]
DTG As per trial data $0.12 per pill
TAF/FTC As per trial data $0.59 per pill Donated value based on invoices

from pharmaceutical companies

aLaboratory quantities based on ART guidelines [15], and partly adjusted by using patient trial data. ART, antiretroviral therapy; DTG, dolutegravir;
EFV, efavirenz; FTC, emtricitabine; TAF, tenofovir alafenamide; TDF, tenofovir disoproxil fumarate.



assuming that outcomes would remain the same as in the
trial. Fixed costs (staff, equipment, consumables and
overheads) were sourced from a recent bottom-up cost
analysis of ART provision conducted at a PHC clinic
based in Pretoria, South Africa [33], standardized to an
average cost per visit and applied to the observed number
of visits in each arm, which were capped at 4 in the
second year, following national ART guidelines [15]. For
ART and concomitant medication, we assumed the same
quantities dispensed as in the trial but prices were sourced
from the MPC [30], with the exception of TAF, which is
not licensed in South Africa and for which the donated
value was used. Laboratory test quantities were based on
test frequencies mandated by the current ART guidelines
[15], partly adjusted to patient outcome data. According
to guidelines, ART patients are required to have two viral
load measures in the first year – at 6 and 12 months after
ART initiation, with an additional viral load if the 6-
month measure was more than 50 copies/ml [15]. Patients
have one CD4þ count at 12 months (and a repeat if 6-
month viral load >1000 copies/ml). Other monitoring
tests (full blood count, haemoglobin, creatinine, hepatitis
B, pap smear, and, if required, point-of-care tuberculosis
diagnostics and pregnancy test) are only required once per
patient during the first year of ART. The resulting
quantities of laboratory monitoring in the routine care
setting are in stark contrast to those in the trial, which
conducted more frequent tests, for example, viral load,
full blood count and creatinine were tested on average six
times, and CD4þ counts on average three times per
patient in the first year. Additional laboratory testing not
indicated in the ART guidelines was also conducted. For
the routine care scenario, laboratory prices were based on
2019 National Health Laboratory Service prices [34].

Cost-effectiveness analysis
To assess the long-term cost-effectiveness of DTG-based
regimens, we modelled their impact over a 20-year time
horizon (2020–2039) using the Thembisa model [35,36].
We calculated the incremental cost impact on the entire
HIV programme. We accounted for differences in
retention and viral suppression between regimens using
the 96-week outcomes from the ADVANCE trial, and
assumed a national scale-up of DTG-based regimens to
20% of adults on first-line ART in 2020, 60% by mid-
2021 and 100%, thereafter, taking into account current
delays in the DTG roll-out. For the cost of ART, we used
the routine care cost per patient year, normalized to
12 months. The model assumes that improvements in
viral suppression and retention on DTG lead to
reductions in HIV transmission, but mortality is assumed
to be the same regardless of ART regimen. As the
ADVANCE trial did not show a viral suppression benefit
after accounting for retention (i.e. viral suppression rates
were similar amongst those retained), we included a
sensitivity analysis with higher viral suppression, based on
a meta-analysis, which showed that DTG-based regimens
had a 1.87 times odds of viral suppression over EFV-based

regimens (95% credible interval 1.34–2.64) [5]; we
assumed the same cost and retention benefit as the TDF-
based arm in the trial. Key assumptions used are shown in
Supplementary Table S1, http://links.lww.com/QAD/
C294.

Sensitivity analysis
We evaluated the impact of uncertainty in three key
model parameters (viral suppression, retention and cost of
ART per patient year) by conducting a probabilistic
sensitivity analysis (PSA) using Monte Carlo simulation.
The epidemiological and cost impact of TDF/
FTCþDTG compared with TDF/FTC/EFV was
assessed 1000 times, randomly drawing parameters’ values
from appropriate probabilistic distributions (Supplemen-
tary Table S2, http://links.lww.com/QAD/C294). We
report on the cost-effectiveness over a 20-year time
horizon (2020–2039) with the median estimate, and
2.5th and 97.5th percentiles. The sensitivity of the results
to the sampled parameters are quantified using partial
correlation coefficients.

Ethics approval
We obtained approval for this study from the Wits Human
Research Ethics Committee (Medical) (ref. no.
160606B).

Results

Outcomes
A total of 1053 patients were enrolled to three treatment
arms in the ADVANCE trial, which is described in detail
elsewhere [37]. Retention on ART by 48 weeks was
higher in TDF/FTCþDTG (90%) and TAF/
FTCþDTG (88%), compared with the EFV-based
regimen (83%) (Table 2). Patients on the EFV-based
regimen had a higher rate of discontinuation because of
experiencing a serious or intolerable adverse event by
week 48 (n¼ 10, 2.8%) compared with TDF/
FTCþDTG (0 patients) and TAF/FTCþDTG (n¼ 1,
0.3%) [37]. Of patients not retained by 48 weeks, the
proportion reporting an adverse event that was related/
possibly related to their ART regimen was highest in the
EFV-based arm (50.0%; 30/60) compared with TDF/
FTCþDTG (14.7%; 5/34) and TAF/FTCþDTG
(14.6%; 6/41). DTG-based arms had a higher proportion
of viral suppression at 48 weeks of those randomized (83
and 82% for TDF/FTCþDTG and TAF/FTCþDTG,
respectively) compared with the EFV-based regimen
(77%); however, viral suppression amongst those retained
and measured were similar between groups: 94% (292/
311) in TDF/FTCþDTG, 95% (287/302) in TAF/
FTCþDTG and 95% (269/282) in the EFV-based arm.
By 96 weeks, rates of viral suppression remained higher in
the DTG-based arms (79 and 78% for TDF/FTCþDTG
and TAF/FTCþDTG, respectively) compared with the
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EFV-based regimen (74%), whereas 96-week retention
also remained higher (82% in DTG-based arms, 77% in
EFV-based arm).

Resource use

Trial resource use
Patients attended 2460–2503 scheduled and unscheduled
visits during the first 48 weeks, culminating in approxi-
mately 48 000 laboratory tests, 11 000 concomitant drug-
months and 4000 ART drug-months dispensed per arm,
with the DTG-based arms having more laboratory tests
and drugs dispensed (both concomitant medications and
ART) (Table 2).

Routine care resource use
Visits and drug quantities were substantially lower in
the second year of ART as compared with the first year
(Table 3). Laboratory tests were lower than in the trial, with
approximately 2300 laboratory tests conducted during the
first year, and around 300 laboratory tests, either viral load
or CD4þ count, in the second year (Table 3).

Costs
Trial cost scenario
The total economic cost of the trial was $8.49 million
over the 48-week outcome study period, including
$268 900 in donated study drugs (DTG and TAF/FTC),
equating to a financial cost of $8.22 million (Table 2). The
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Table 2. Trial cost scenario: summary of costs, outcomes and cost per outcome, by treatment arm (first year (0–48 weeks) only).

DTG regimens

TDF-based
(TDF/FTCþDTG)

TAF-based
(TAF/FTCþDTG)

EFV-based regimen
(TDF/FTC/EFV)

Resource use
Number of participants 351 351 351
Visits (total number) 2 503 2447 2460
Scheduled visits 2348 2326 2283
Unscheduled visits 155 121 177
Laboratory tests (total number) 49 254 48 553 47 907
Drugs (total drug-months)

Medications for concomitant diseases 11 973 11 335 11 137
ART regimen 4283 4227 4097

Outcomes at 48 weeks
Patients virally suppressed (<50 copies/ml) 292 287 269
Patients retained 317 310 291

Total cost (2019 USD) (% of total)
Staff and consultants $1 976 950 (69.2%) $1 932 720 (67.8%) $1 942 987 (69.7%)
Equipment $25 104 (0.9%) $24 543 (0.9%) $24 673 (0.9%)
Consumables $3702 (0.1%) $3619 (0.1%) $3638 (0.1%)
Overheads

Facility fees and rental $191 292 (6.7%) $187 012 (6.6%) $188 006 (6.7%)
Trial visit reimbursement $51 296 (1.8%) $50 689 (1.8%) $49 978 (1.8%)
Laboratory $460 868 (16.1%) $452 258 (15.9%) $447 298 (16.0%)
Drugs

Medications for concomitant diseases $26 862 (0.9%) $28 498 (1.0%) $27 702 (1.0%)
ART regimen $120 753 (4.2%) $170 654 (6.0%) $104 319 (3.7%)

Total cost (2019 USD) $2 856 559 $2 849 704 $2 788 317
Median cost per patient year (2019 USD)

Staff and consultants $5529 (68.0%) $5529 (66.8%) $5529 (68.5%)
Equipment $70 (0.9%) $70 (0.8%) $70 (0.9%)
Consumables $10 (0.1%) $10 (0.1%) $10 (0.1%)
Overheads

Facility fees and rental $535 (6.6%) $535 (6.5%) $535 (6.6%)
Trial visit reimbursement $151 (1.9%) $151 (1.8%) $151 (1.9%)
Laboratory $1364 (16.8%) $1356 (16.4%) $1347 (16.7%)
Drugs

Medications for concomitant diseases $55 (0.7%) $54 (0.7%) $55 (0.7%)
ART regimen $395 (4.9%) $567 (6.8%) $356 (4.4%)

Median (interquartile range) $8125 (8056–8872) $8275 (8210–8478) $8068 (7992–8909)
Total, mean (standard deviation) $8138 (1507) $8119 (1596) $7944 (1684)
Cost per outcome (2019 USD)

Cost per virally suppressed patient $9783 $9929 $10 365
Cost per patient retained $9011 $9193 $9582

Incremental cost-effectiveness (2019 USD)
Cost per additional virally suppressed patient $2967 $3410 –
Cost per additional patient retained $2625 $3231 –

DTG, dolutegravir; EFV, efavirenz; FTC, emtricitabine; TAF, tenofovir alafenamide; TDF, tenofovir disoproxil fumarate; USD, United States dollars.



main cost drivers were staff (69%), laboratory testing
(16%) and facility fees/rental (7%) (Supplementary Figure
S1, http://links.lww.com/QAD/C294). Cost drivers did
not differ by treatment arm. TDF/FTCþDTG and TAF/
FTCþDTG arms were around 2% more expensive than
the TDF/FTC/EFV arm (this was statistically significant
with P< 0.001 comparing each TDF/FTCþDTG and
TAF/FTCþDTG to TDF/FTC/EFV). The cost
increase was mainly driven by the higher ART cost for
DTG and TAF/FTC compared with TDF/FTC/EFV; in
the TDF/FTCþDTG arm, a higher number of visits,
partly because of higher retention in this group, led to
higher fixed costs. Median cost per patient per year was
lowest in the TDF/FTC/EFVarm at $8068 [interquartile
range (IQR) $7992–$8909], and $8125 (IQR $8056–
$8871) and $8,275 (IQR $8210–$8478) in the TDF/
FTCþDTG and TAF/FTCþDTG arms, respectively.

The DTG-based arms had a lower cost per virally
suppressed patient compared with the EFV-based
regimen arm ($9783 and $9929 per virally suppressed

patient for TDF/FTCþDTG and TAF/FTCþDTG,
respectively, vs. $10 365 per virally suppressed patient for
TDF/FTC/EFV (Table 2). The cost per additional virally
suppressed patient, compared with the EFV-based
regimen, was lower in the TDF/FTCþDTG arm with
$2967 compared with the TAF/FTCþDTG with $3410
(Table 2). Similarly, the cost per patient retained on ART
was lower in the DTG-based arms, with $9011 for TDF/
FTCþDTG and $9193 for TDF/FTCþDTG, compared
with the EFV-based regimen arm, which cost $9582 per
patient retained on ART. In comparison with the EFV-
based regimen, the cost per additional person retained on
ART was again lower in the TDF/FTCþDTG arm vs.
the TAF/FTCþDTG arm ($2625 vs. $3231, respec-
tively) (Table 2).

Routine care scenario
Under the routine care, the overall economic cost was
reduced to �5% of the cost of running the trial. The
median cost of concomitant medications and ART per
patient were between 46–49% and 25–52% that of the
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Table 3. Routine care scenario: summary of costs, outcomes and cost per outcome, by treatment arm and trial year.

First year (0–48 weeks) Second year (48–96 weeks)

DTG regimens DTG regimens

TDF-based
(TDF/FTCþDTG)

TAF-based
(TAF/FTCþDTG)

EFV-based regimen
(TDF/FTC/EFV)

TDF-based
(TDF/FTCþDTG)

TAF-based
(TAF/FTCþDTG)

EFV-based regimen
(TDF/FTC/EFV)

Resource use
Number of patients 351 351 351 310 306 285
Visits (total number) 2503 2447 2460 1196 1180 1104
Laboratory tests (total
number)

2355 2343 2296 319 307 290

Drugs (total drug-months)
Medications for

concomitant diseases
11 973 11 335 11 137 2771 2307 2609

ART regimen 4283 4227 4097 3493 3393 3150
Median cost per patient year (2019 USD)

Staff $110 $110 $110 $63 $63 $63
Equipment $11 $11 $11 $6 $6 $6
Consumables $1 $1 $1 $0.4 $0.4 $0.4
Overheads $23 $23 $23 $13 $13 $13
Laboratory $76 $76 $69 $24 $24 $24
Drugs

Medications for
concomitant diseases

$26 $26 $25 $9 $8 $8

ART regimen $119 $297 $90 $102 $255 $77
Total median cost per

patient
(interquartile range)

$363 (347–385) $539 (505–558) $335 (315–360) $219 (209–241) $368 (361–384) $194 (184–209)

Mean cost per patient
(standard deviation)

$355 (77) $502 (126) $325 (92) $226 (81) $357 (76) $198 (47)

Mean cost per patient year
(normalized to
12 months)

$386 $546 $352 $281 $441 $241

Cost per outcome
Cost per virally
suppressed patient

$426 $614 $424 $257 $404 $220

Cost per patient retained $393 $568 $392 $244 $380 $209

ART, antiretroviral therapy; DTG, dolutegravir; EFV, efavirenz; FTC, emtricitabine; TAF, tenofovir alafenamide; TDF, tenofovir disoproxil fumarate;
USD, United States dollars.
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trial cost for the first year of ART, respectively (Table 3).
Most of the cost reduction were a result of reduced fixed
costs, staff costs and laboratory testing. Overall, the
median cost per patient year was lowest in the TDF/
FTC/EFV arm at $335 (IQR $315–$360), and $363
(IQR $347–$385) and $539 (IQR $505–$558) in the
TDF/FTCþDTG and TAF/FTCþDTG arms, respec-
tively. By the second year of ART, median cost per patient
was lower, because of less visits taking place and a
reduction in concomitant medications dispensed. Aver-
age cost per patient year (normalized to 12 months) was
$281 for TDF/FTCþDTG, $441 for TAF/FTCþDTG
and $241 for TDF/FTC/EFV.

In first year of ART, cost per virally suppressed patient and
per patient retained in the TDF/FTC/EFVarm was $426
and $393, respectively, similar to that of the TDF/
FTCþDTG arm at $424 and $392, respectively. Cost per
virally suppressed patient and per patient retained was
higher in the TAF/FTCþDTG arm at $614 and $568,
driven by the assumed market value of TAF. If TAF were
to be licensed for ART use in South Africa these costs
would likely decrease. In the second year of ART, cost per
virally suppressed patient and per patient retained was
relatively higher in the TDF/FTCþDTG arm ($257 and
$244, respectively) than in the EFV-based arm ($220 and
$209, respectively), largely because of more medication
for concomitant diseases and higher ART regimen costs.
Cost per virally suppressed patient and per patient

retained remained high in the TAF/FTCþDTG arm
($404 and $380, respectively).

Cost effectiveness
DTG-based regimens were estimated to save between
533 000 (TDF/FTCþDTG) and 563 000 (TAF/
FTCþDTG) life years over the EFV-based regimen,
and avert 13 000–14 000 AIDS deaths, over 20 years
(Table 4), as a result of decreased HIV transmission from
patients on ART. TDF/FTCþDTG had a lower
incremental cost effectiveness ratio compared with
TAF/FTCþFTG for life years saved ($10 341 vs.
$41 958, respectively) and AIDS deaths averted
($413 196 vs. $1 671 834, respectively). Under a higher
effectiveness bound, 788 000 life years would be saved and
20 000 AIDS deaths averted; it was most cost-effective
with regards to both life years saved and AIDS deaths
averted ($6788 and $266 423, respectively).

In the PSA, 38% of simulations resulted in cost savings of
TDF/FTCþDTG compared with TDF/FTC/EFV,
because of a lower sampled cost (Fig. 1). Around 13%
of simulations had a lower retention rate on TDF/
FTCþDTG compared with TDF/FTC/EFV, resulting
in more AIDS deaths over time. Overall, the median cost
per life-year saved over 20 years was $3119, with a 95% CI
of $60 970, whereas the median cost per AIDS death
averted was $126 085 with a 95% CI of $2 402 759.
Incremental cost was most sensitive to the cost of ART in
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Table 4. Cost-effectiveness of dolutegravir-based regimens compared to efavirenz-based regimens (2020–2039).

DTG regimens

TDF-based
(TDF/FTCþDTG),
trial effectiveness

TAF-based
(TAF/FTCþDTG),
trial effectiveness

TDF-based
(TDF/FTCþDTG),

higher effectivenessa
EFV-based regimen

(TDF/FTC/EFV)

Model parameters
Outcomes

Retention 82% 82% 82% 77%
VL suppression <400 copies/ml (of those retained)a 96% 97% N/A 96%
Relative OR to EFV-based regimen 1.00 1.06 1.87 –

Cost inputs (2019 USD)
Mean cost per person year

First year $386 $546 $386 $352
Follow-up year $281 $441 $281 $241

Results
Outcomes (2020–39)

Life years lost, millions 35.97 35.94 35.72 36.51
Life years saved, thousands 533 563 788 –
AIDS deaths, thousands 998 997 991 1011
AIDS deaths averted, thousands 13 14 20 –

Costs (2020–39) (2019 USD)
Total cost of HIV programme, billions $39.25 $57.36 $39.08 $33.73
Incremental cost, billions $5.5 $23.6 $5.4 –

Incremental cost effectiveness
Incremental cost per life-year saved $10 341 $41 958 $6788 –
Incremental cost per AIDS death averted $413 196 $1 671 834 $266 423 –

aViral suppression in the Thembisa model has a threshold of less than 400 copies/ml, therefore, adjusted the outcome in this analysis. DTG,
dolutegravir; EFV, efavirenz; FTC, emtricitabine; OR, odds ratio; TAF, tenofovir alafenamide; TDF, tenofovir disoproxil fumarate; USD, United
States dollars.



the follow-up years, whereas life years saved and AIDS
deaths averted were most sensitive to relative rates of viral
suppression and the rate of ART interruption (Supple-
mentary Table S2, http://links.lww.com/QAD/C294).

Discussion

Our analysis shows that DTG-based regimens were more
costly overall, in both trial and routine care scenarios,
because of both the higher cost of the ARTregimen itself
and improved retention in the DTG-based arms resulting
in more drug being dispensed; however, because of
improvements in outcomes the DTG-based regimens had
lower cost per virally suppressed patient and cost per
person retained in care by 48 weeks compared with the
EFV-based regimen – when based on trial cost. Our
routine care scenario resulted in more conservative
results, with cost per outcome being similar between
TDF/FTCþDTG and TDF/FTC/EFV, implying that
on average it will cost the same to achieve similar
outcomes with either of these regimens in the public
sector. However, the DTG-based regimen will result in a
higher proportion of patients retained, and therefore,
virally suppressed. We identified a likely causal link
between regimen and patient retention: patients on the
EFV-based regimen were more likely to voluntarily
withdraw because of adverse events, and among patients
not retained by 48 weeks, a larger proportion reported
related or possibly related adverse events. Improved
retention will result in higher cost as those on DTG-based
regimens remain in care at higher rates, the benefit of
patient retention, and possibly higher viral suppression,
mean this will be more cost-effective than the EFV-
based regimens.

Clinical trials are necessarily significantly more expensive
than routine care but can give some indication of the
magnitude of cost differences between regimens,
especially when based on data from a randomized trial.
In our routine care scenario, overall costs were reduced
dramatically, in particular, because of reduced fixed costs,
and reduced number of laboratory tests required by ART
guidelines. Estimating how trial resource use and costs
would have changed in routine care becomes useful in
supplying evidence for policymakers making decisions
with regards to implementing novel ART regimens.
However, a number of limitations need to be considered.

Firstly, we assumed patients would have achieved the same
outcomes in routine care as they did in the trial, despite
receiving HIV treatment with less resources (such as
higher patient-staff ratios, less laboratory monitoring). In
reality, patients would receive less medications for
concomitant diseases and conditions and less tailored
care in public sector compared with a clinical trial. This
careful attention to patients may positively impact on trial
retention in comparison to public sector healthcare.
Despite this difference between clinical trial and routine
care settings, we would still expect to see relatively
improved outcomes on DTG-based regimens, resulting
in similar conclusions with respect to cost-effectiveness.
Secondly, the ADVANCE trial showed increased weight
gain well into the 96-week post-ART initiation period
[13] but there is not enough data available to inform
assumptions regarding the mortality and subsequent cost
impacts of this side-effect beyond 2 years. Although
weight gain associated with integrase strand transfer
inhibitors [38] more generally might lead to increased
health systems cost and mortality in the long-run, recent
data on the link between obesity and all-cause mortality
from a population cohort in South Africa have shown that
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Fig. 1. Incremental cost (2019 USD) of the HIV programme against (a) life years saved, and (b) AIDS deaths averted new HIV
infections averted (2019-38), impact of tenofovir disoproxil fumarate/emtricitabineRdolutegravir compared with tenofovir
disoproxil fumarate/emtricitabine/efavirenz (each dot represents a Monte Carlo simulation from a probabilistic sensitivity
analysis).
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individuals who meet clinically defined criteria for being
overweight or obese had a lower risk of all-cause
mortality, as well as mortality because of both infectious
and noncommunicable disease than those with a normal
BMI [39]. This suggests that the evidence on a link
between obesity and mortality in PWH in South Africa is
unclear at present, and highlights the importance of
ongoing economic analysis based on real-world data
regarding the frequency and severity of side effects under
DTG and their impact on morbidity, patient quality of life
and mortality. Lastly, though we used cost analyses from a
South African clinic to estimate fixed costs for our routine
care setting, it is possible that this may not be
representative of all public healthcare in South Africa.

In conclusion, our analysis demonstrated that TDF/
FTCþDTG had similar costs per outcome as TDF/FTC/
EFV in the routine care scenario but TDF/FTCþDTG
was more cost-effective when modelled over 20 years. We
also provided insights into how to translate cost and
resource data from a trial into something more
representative of routine care, a methodology that is
important for both modellers and policy makers as they
consider the long-term impact of novel interventions in
routine-care settings.
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