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Week 96 results of a phase 3 trial of darunavir/
cobicistat/emtricitabine/tenofovir alafenamide

in treatment-naive HIV-1 patients

Chloe Orkina, Joseph J. Eronb, Jürgen Rockstrohc, Daniel Podzamczerd,

Stefan Essere, Linos Vandekerckhovef, Erika Van Landuytg,

Erkki Lathouwersg, Veerle Hufkensg, John Jezorwskih,

Magda Opsomerg, on behalf of the AMBER study group

Background: Darunavir/cobicistat/emtricitabine/tenofovir alafenamide (D/C/F/TAF)
800/150/200/10 mg was investigated through 96 weeks in AMBER (NCT02431247).

Methods: Treatment-naive, HIV-1-positive adults [screening plasma viral load
�1000 copies/ml; CD4þ cell count >50 cells/ml) were randomized (1 : 1) to D/C/F/
TAF (N¼362) or D/C plus emtricitabine/tenofovir-disoproxil-fumarate (F/TDF)
(N¼363) over at least 48 weeks. After week 48, patients could continue on or switch
to D/C/F/TAF in an open-label extension phase until week 96.

Results: At week 96, D/C/F/TAF exposure was 626 patient-years (D/C/F/TAF arm) and
109 patient-years (control arm post switch), week 96 virologic suppression (viral load
<50 copies/ml; FDA-Snapshot, from baseline) was 85.1% (308/362) (D/C/F/TAF) and
83.7% (304/363) (control). Week 96 virologic failure (viral load �50 copies/ml; FDA-
Snapshot) was 5.5% (20/362) and 4.4% (16/363), respectively. No darunavir, primary
protease inhibitor or tenofovir resistance-associated mutations (RAMs) were observed
post baseline. In one patient in each arm, an M184I and/or V RAM was detected. Few
adverse event-related discontinuations (3% D/C/F/TAF; <1% control post switch) and
no deaths occurred on D/C/F/TAF. Improved renal and bone parameters were main-
tained in the D/C/F/TAF arm and observed in the control arm post switch. Increases in
total-cholesterol/high-density-lipoprotein–cholesterol rtio at week 96 were þ0.25
versus baseline (D/C/F/TAF) and þ0.24 versus switch (control).

Conclusion: At week 96, D/C/F/TAF resulted in high virologic response and low
virologic failure rates, with no resistance development to darunavir or TAF/TDF. Bone,
renal and lipid safety were consistent with known D/C/F/TAF component profiles.
Control arm safety post switch was consistent with the D/C/F/TAF arm. AMBER week 96
results confirm the efficacy, high barrier to resistance and bone/renal safety benefits of
D/C/F/TAF for treatment-naive patients.
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Introduction

Combination antiretroviral therapy (ART) regimens with
long-term safety and efficacy, a high genetic barrier to
resistance and convenience are required for sustained
virological success in the treatment of HIV-1 infection.
Since 2006, substantial clinical trial data and clinical
experience has accumulated for boosted darunavir (DRV),
demonstrating its durable virologic response, high genetic
barrier to resistance and long-term safety [1–6].

Current combination ART regimens provide high and
sustained antiviral efficacy, are well tolerated and have a
low pill burden. However, developing better tolerated
and more convenient regimens, while maintaining a high
genetic barrier to resistance, is important. Once-daily,
single-tablet regimens (STRs) improve patient satisfac-
tion and may improve treatment adherence and virologic
suppression compared with multitablet regimens [7–9]. A
once-daily STR, darunavir/cobicistat/emtricitabine/
tenofovir alafenamide (D/C/F/TAF) 800/150/200/10
mg, currently approved in Europe, the United States and
Canada [10,11], is being investigated in two international,
randomized, phase 3 studies, AMBER [5] and EMER-
ALD [6]. D/C/F/TAF is currently the only STR that
includes a boosted protease inhibitor (bPI).

Week 48 primary analyses of both trials showed that D/C/
F/TAF had high, noninferior antiviral efficacy with better
outcomes for D/C/F/TAF bone and renal safety
parameters versus D/C plus emtricitabine/tenofovir
disoproxil fumarate (F/TDF) in ART-naive adults in
AMBER [5] and versus bPI with F/TDF in ART-
experienced, virologically suppressed adults in EMER-
ALD, including those with a history of non-DRV virologic
failure [6]. In EMERALD, antiviral efficacy was main-
tained through week 96 in the D/C/F/TAF arm [12].

D/C/F/TAF STR or boosted DRV 800 mg once-daily
given in combination with two nucleoside or nucleotide
analogue reverse transcriptase inhibitors (N(t)RTIs) is
recommended as a first-line treatment option in the EU
[13] and in the United States for patients who may have
uncertain adherence, who require a regimen with a high
genetic barrier to resistance, or who may not have
resistance results available, such as those who are rapidly
starting treatment [14,15].

The efficacy, safety and resistance results for D/C/F/TAF
through week 96 in AMBER are presented.

Methods

Study design and patients
AMBER (TMC114FD2HTX3001; NCT02431247) is a
phase 3, randomized, active-controlled, double-blind,

noninferiority study conducted at 121 sites across 10
countries in North America (USA, Canada) and Europe
(Belgium, France, Germany, Italy, Poland, Russia, Spain,
UK) [5]. The study included ART-naive adults with
HIV-1 and a screening plasma viral load at least 1000
copies/ml (COBAS AmpliPrep/COBAS TaqMan HIV-
1 Test, V2.0; Roche Diagnostics, Basel, Switzerland) [5],
CD4þ cell count greater than 50 cells/ml and genotypic
sensitivity to DRV, emtricitabine and tenofovir (Sanger
sequencing) (Fig. 1).

Patients were randomized (1 : 1) to receive D/C/F/TAF
800/150/200/10 mg once daily or D/C 800/150 mg
fixed-dose combination (FDC) co-administered with F/
TDF 200/300 mg FDC once daily (control arm) over at
least 48 weeks. After week 48 database lock and
unblinding, patients could continue on or switch to
D/C/F/TAF (D/C/F/TAF switch) in an open-label,
single-arm extension phase until week 96, with study
visits every 12 weeks. Patients switched to D/C/F/TAF
at different time points (not uniformly) as switch could
only occur after all patients reached week 48 and the
database was locked. Therefore, individual duration of
exposure to D/C/F/TAF was variable (Fig. 1).

Study endpoints
The primary outcome was noninferiority of D/C/F/
TAF versus control for the proportion of patients with
viral load less than less 50 copies/ml (response rate; FDA-
snapshot analysis) at week 48 (10% margin). Secondary
efficacy endpoints at week 96 included the proportion of
patients with viral load less than 50 copies/ml (and at least
50 copies/ml, virologic failure category by FDA-
snapshot), viral load less than 200 copies/ml and at least
200 copies/ml (FDA snapshot) and less than 50 copies/ml
[time to loss of virologic response (TLOVR) algorithm],
and changes from baseline in CD4þ cell count. Given the
nonuniform switch times, and therefore, nonuniform D/
C/F/TAF exposure post switch, there was no comparator
treatment arm after the baseline-week 48 phase. As such,
efficacy for the overall week 96 control arm (e.g.
irrespective of treatment from baseline to week 96) is
shown in the main results. However, efficacy data for
D/C/F/TAF switch-week 96 are shown in the supple-
mentary material (http://links.lww.com/QAD/B598).

Other secondary endpoints included post baseline resis-
tance (genotype/phenotype) (PhenoSense GT; combined
HIV-1 PR/RT genotype/phenotype [5]) of protocol-
defined virologic failures (PDVFs; virologic nonresponse,
virologic rebound, and/or viraemic at final time point)
with viral load at least 400 copies/ml at failure or at later
time points [5], treatment adherence, adverse event
incidences and body weight, changes in serum creatinine,
estimated glomerular filtration rate based on serum
creatinine (eGFRcr) [Chronic Kidney Disease Epidemiol-
ogy Collaboration (CKD-EPI) [16]], eGFR based on
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cystatin C (eGFRcyst, CKD-EPI formula [16]) and ratios of
total urine protein, urine albumin, fasted retinol binding
protein and fasted b-2-microglobulin to creatinine
(UPCR, UACR, RPB:Cr and B2M:Cr, respectively).
Deep sequencing using next-generation sequencing
GenoSure MG (Illumina MiSeq; codon variants >1%)
was to be performed retrospectively on baseline samples
from patients with HIV-1 viruses that showed emerging
resistance-associated mutations (RAMs).

Endpoints in the bone investigation substudy were
percentage change from baseline in hip, lumbar spine
and femoral neck bone mineral density (BMD) measured
by DXA scans, changes in associated T-score (normal
BMD defined as a T score ��1; osteopenia as a T score
from ��2.5 to <�1; and osteoporosis as a T-score
<�2.5), and changes in bone biomarkers.

Statistical analysis
The main outcome analysis was based on the intention-
to-treat (ITT) population, constituting all randomized
patients who received at least one dose of study drug. A
per-protocol analysis was also performed, excluding
patients with major protocol violations, those with no
post baseline viral load measurement or treatment
adherence less than 65%. Secondary efficacy endpoints
were described using descriptive statistics.

Data analysis was performed using SAS software (SAS
Institute, Inc, Cary, North Carolina, USA) version 9.2.
Least square mean change from reference at week 96 in

CD4þ cell count (noncompleter equalled failure; last
observation was carried forward otherwise) and associated
95% confidence intervals (CIs) were evaluated with
ANCOVA, adjusting for baseline CD4þ cell count
separately by treatment arm.

Treatment adherence was measured by drug accountabil-
ity (based on pill count) cumulative from baseline to
switch and from switch to open-label D/C/F/TAF
through week 96 for patients who returned all dispensed
bottles. Within treatment arm comparisons of adherence
(>95% versus�95%) during baseline to switch and D/C/
F/TAF during switch to week 96 were performed using
McNemar’s Exact Test.

Within-treatment arm comparisons for change at week 96
from reference were assessed by Wilcoxon signed-rank test
for eGFR, renal biomarkers and fasting lipids and by paired
t-test for BMD. Reference for the D/C/F/TAF arm was
study baseline and for the control arm (D/C/F/TAF switch)
through week 96 was the last value before the switch.

Results

Baseline characteristics and patient disposition
Baseline patient demographic characteristics and disease
characteristics were reported previously [5], and are
included in Supplementary Table 1, http://links.lww.
com/QAD/B598. At screening, all enrolled patients
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1:1 

Baseline Week 96 Week 48 
Primary endpoint

Double-blind treatment phase Extension phase

D/C/F/TAF 
(800/150/200/10 mg once daily)

D/C/F/TAF 

Roll-over phaseb

Control 
(D/C + F/TDF) D/C/F/TAF switcha

Week 48 database 
lock and unblinding

ART-  adults (N = 725) 
Screening plasma VL 1000 
copies/ml 
CD4+ >50 cells/mm3 

Genotypic susceptibility to DRV, 
FTC and TFV 

D/C/F/TAF arm 

N = 362

Control arm  

N = 363

D/C + F/TDF

N = 363

D/C/F/TAF switch  

N = 295

Patient-years of exposurec 626 512 109

Median (IQR) exposure, weeksd 96.1 (95.6; 97.0) 73.1 (72.0; 84.3) 22.3 (12.1; 24.3)

Fig. 1. AMBER study design. ART, antiretroviral therapy; D/C þ F/TDF, darunavir/cobicistat plus emtricitabine/tenofovir
disoproxil fumarate once daily; D/C/F/TAF, darunavir/cobicistat/emtricitabine/tenofovir alafenamide once daily; DRV, darunavir;
FTC, emtricitabine; IQR, interquartile range; TFV, tenofovir; VL, viral load. aPatients switched to D/C/F/TAF at different time points
(not uniformly) leading to a lack of uniform D/C/F/TAF exposure post switch. bAfter week 96, participants were given the
opportunity to remain in the trial until the study drug became commercially available. cPatient-years of exposure¼ sum of
treatment duration (weeks)�7/365.25. dTreatment duration, weeks¼ (end of treatment phase – start of treatment phaseþ1)/7.
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showed genotypic sensitivity to DRV, emtricitabine and
tenofovir based on the genotype report.

Of 362 patients in the D/C/F/TAF arm, 335 continued
receiving D/C/F/TAF in the trial after week 48 and 319
of 362 (88%) reached week 96, of whom six of 319
completed the study and 313 of 319 are ongoing (Fig. 2).
Of 363 patients in the control arm, 295 switched to D/C/
F/TAF by week 96 and 290 of 363 (80%) reached week
96, with seven of 290 completing the study and 283 of
290 ongoing (Fig. 2). The most common reasons for
discontinuing the study after week 48 in the D/C/F/TAF
arm, as indicated by the investigator, were withdrawal of
consent, lost to follow-up and physician decision (Fig. 2).

Treatment exposure through week 96
At week 96, exposure to D/C/F/TAF was 626 patient-
years in the D/C/F/TAF arm, and consecutively 512
patient-years to D/C plus F/TDF and 109 patient-years
to D/C/F/TAF in the control arm (Fig. 1). Post switch to
D/C/F/TAF in the control arm, 294 of 295 patients
(99.7%) had exposure to D/C/F/TAF for at least 4 weeks,
252 for at least 12 weeks (85.4%), 102 for at least 24 weeks
(34.6%) and two for at least 36 weeks (0.7%). The median
time from week 48 to switch was 26 weeks.

Efficacy analyses
In the D/C/F/TAF arm, 85.1% of patients (308 of 362) had
virologic suppression at week 96 (viral load<50 copies/ml;
ITT FDA-snapshot analysis) (Fig. 3a and Supplementary
Table 2, http://links.lww.com/QAD/B598). The week 96
response rate (from baseline) in the overall control arm was
83.7% (304/363) (Fig. 3a and Supplementary Table 2,

http://links.lww.com/QAD/B598). Viral load at least 50
copies/ml (virologic failure category; ITT FDA snapshot) at
week 96 occurred in 20 of 362 (5.5%) patients in the D/C/
F/TAF arm and 16 of 363 (4.4%) in the overall control arm
(Fig. 3a and Supplementary Table 2, http://links.lww.com/
QAD/B598).

Week 96 virologic responses were similar in the per-
protocol FDA-snapshot analysis (87.9%, 297 of 338 D/C/
F/TAF arm and 87.7%, 291 of 332 overall control arm
achieved viral load <50 copies/ml), ITT-TLOVR
analysis (85.1%, 308/362 D/C/F/TAF arm and 82.4%,
299 of 363 overall control arm achieved viral load <50
copies/ml) and the ITT FDA-snapshot analysis using the
viral load <200 copies/ml cut off (86.2%, 312 of 362 D/
C/F/TAF arm and 86.0%, 312 of 363 overall control arm
achieved viral load <200 copies/ml) (Fig. 3b and
Supplementary Table 2, http://links.lww.com/QAD/
B598). Week 96 ITT FDA-snapshot outcomes (viral load
<50 and �50 copies/ml) were also consistent across age,
sex, race, baseline CD4þ cell count and baseline viral load
subgroups (Supplementary Table 3, http://links.lww.-
com/QAD/B598). Results for certain subgroups (base-
line CD4þ cell count less than 200 cells/ml and Black/
African American race), should be interpreted with
caution because of small sample sizes.

Immunologic response
Least squares mean (95% CI) increases (P< 0.0001) from
baseline in CD4þ cell count at week 96 were 228.9
(205.3; 252.4) cells/ml in the D/C/F/TAF arm and 226.5
(204.6; 248.5) cells/ml in the overall control arm.
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725 randomized 1:1 and 
treated 

866 patients screened 

362 received D/C/F/
TAF 

16 (5%) discontinued  
    0 died  
    0 due to AEs
    5 withdrew consent  
    4 lost to follow-up  

      0 nonadherent with study drug 
    4 physician decision  
    3 other reasons 319 (88%) reached 

week 96 

335 treated in extension 
after week 48 

27 (7%) discontinued 
    0 died  
    8 due to AEs 
    4 withdrew consent 
    8 lost to follow-up   

      2 nonadherent with study drug 
    3 physician decision 
    2 other reasons 

363 received  
D/C + F/TDF

5 (2%) discontinued 
    0 died  
    1 due to AEs 
    1 withdrew consent 
    2 lost to follow-up   

      0 nonadherent with study drug 
    0 physician decision 
    1 other reasons  290 (80%) reached 

week 96 

295 switched to D/C/F/
TAF 

26 (7%) did not switch by week 96 
42 (12%) discontinued  

    1 died (follow-up phase) 
    16 due to AEs 
    9 withdrew consent 
    9 lost to follow-up   

      0 nonadherent with study drug 
    4 physician decision 

      1 pregnancy 
    2 other reasons 

141 not randomized, not treated 

Fig. 2. Patient disposition for AMBER through 96 weeks. AE, adverse event; D/Cþ F/TDF, darunavir/cobicistat plus emtricitabine/
tenofovir disoproxil fumarate once daily; D/C/F/TAF, darunavir/cobicistat/emtricitabine/tenofovir alafenamide once daily.
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D/C/F/TAF arm (N = 362) 

Week 48
Control arm (N =363) 

Week 48

Week 96 Week 96b

Virologic response  
(VL <50 copies/ml) 331 (91.4%) 321 (88.4%) 308 (85.1%) 304 (83.7%) 
VL 50 copies/mlc  16 (4.4%) 12 (3.3%) 20 (5.5%) 16 (4.4%) 
No virologic data  15 (4.1%) 30 (8.3%) 34 (9.4%) 43 (11.8%) 
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VL <200 copies/ml

Virologic response  
(VL <200 copies/ml) 336 (92.8%) 329 (90.6%) 312 (86.2%) 312 (86.0%) 
VL 200 copies/mld  10 (2.8%) 4 (1.1%) 15 (4.1%) 6 (1.7%) 
No virologic data  16 (4.4%) 30 (8.3%) 35 (9.7%) 45 (12.4%) 

D/C/F/TAF arm (N = 362) 

Week 48
Control arm (N = 363) 

Week 48

Week 96 Week 96b

Fig. 3. FDA-snapshot analysis at weeks 48 and 96. (a) Less than 50 copies/ml and (b) less than 200 copies/ml (intent-to-treat). AE,
adverse event; CI, confidence interval; D/C þ F/TDF, darunavir/cobicistat plus emtricitabine/tenofovir disoproxil fumarate once
daily; D/C/F/TAF, darunavir/cobicistat/emtricitabine/tenofovir alafenamide once daily; VL, viral load. aTwo-sided Exact Clopper-
Pearson 95% CI. bThe gradient shading of the week 96 control bar represents patients switching to D/C/F/TAF at different time
points after week 48 leading to variable D/C/F/TAF exposure post switch. cLast VL in the week 48 or week 96 window at least
50 copies/ml, or discontinuations for efficacy reasons, or premature discontinuations not because of efficacy, AEs or death with a
last VL at least 50 copies/ml. dLast VL in the week 48 or week 96 window at least 200 copies/ml, or discontinuations for efficacy
reasons, or premature discontinuations not due to efficacy, AEs or death with a last viral load at least 200 copies/ml.



Adherence to treatment
The at least 95% adherence rate as measured by pill count
from baseline to switch was 87.2% (252/289 patients) in the
D/C/F/TAF arm and 82.6% (233 of 282) in the control
arm, with numerically, but not significantly, higher
adherence after switch to open-label D/C/F/TAF STR
[90% (233/259); P¼ 0.34 improved adherence] in the
D/C/F/TAF arm and significantly higher adherence after
switch [90% (225 of 250); P¼ 0.0046) in the control arm,
both switching from three pills (double-blind) to one pill.

Resistance analysis
Through week 96, PDVF occurred in 15 (D/C/F/TAF
arm) and 19 participants (control arm). Paired screening
and post baseline on-treatment genotypes were available
for nine and eight patients, respectively.

No DRV, primary protease inhibitor or tenofovir RAMs
[17] were seen post baseline in any participant in
either arm.

The emtricitabine RAM M184I/V, conferring emtrici-
tabine and lamivudine resistance, was detected at week 36
in one patient who discontinued due to treatment
noncompliance in the D/C/F/TAF arm as reported
previously [5,18]. M184V was detected pretreatment as a
minority variant (9%) in this patient [5,18]. M184V was
detected at week 84 (after switch to D/C/F/TAF) in one
patient in the control arm, but M184V was not detected
pretreatment by deep sequencing. No pharmacokinetic
data are available for this patient.

Safety and tolerability
D/C/F/TAF was well tolerated through 96 weeks, and
safety findings at week 96 were consistent with those at
week 48 (Table 1). Few adverse event-related disconti-
nuations [3% (10 of 362)] occurred through 96 weeks in
the D/C/F/TAF arm and in the control arm [<1% (one
of 295)], following switch (Table 1). No deaths occurred
during the treatment phase.

The most common study drug-related adverse events were
diarrhoea, rash and nausea, and all were grade 1 or 2 (Table
1). Grade 1 study drug-related diarrhoea occurred in 27 of
34 patients and grade 2 in seven of 34 patients in the D/C/
F/TAF arm through 96 weeks. Episodes of study drug-
related diarrhoea were mostly transient in duration. Only
two patients in the D/C/F/TAF arm and one in the
control arm discontinued the study because of diarrhoea
before week 48, with no further discontinuations after
week 48 and prior to the week 96 analysis cut-off date. No
neuropsychiatric study drug-related adverse events greater
than 5% or related discontinuations or discontinuations
because of bone or renal adverse events occurred.

Most adverse events, irrespective of causality, were grade
1 or 2. The most frequent grade 3 or 4 AE (�2 patients) in
the D/C/F/TAF arm was increased low-density

lipoprotein-cholesterol (LDL-C), reported for four
patients before week 48 and two patients after week 48
(both �1%; median 46% increase in LDL-C from
baseline for the six cases). The most frequent grade 3 or 4
adverse events in the control arm post switch through
week 96 were two cases of grade 3 hepatitis A and two
cases of grade 4 increased aminotransferase and alanine
aminotransferase (all <1%); none of which led to
discontinuation. Serious adverse events considered
possibly related to study drug by the investigator occurred
in only one patient in the D/C/F/TAF arm (<1%) (back
pain and haematuria) and did not occur in the control
arm after D/C/F/TAF switch.

Renal adverse events regardless of causality occurred in
5% (17/362) of patients (D/C/F/TAF arm), with dysuria
(n¼ 4), haematuria (n¼ 3), renal colic and urethral
discharge (each n¼ 2) occurring in at least two patients.
Renal adverse events did not occur in the control arm
after D/C/F/TAF switch. No renal adverse events
suggested treatment-emergent proximal renal tubulo-
pathy. No cases of Fanconi syndrome occurred in either
arm.

Median (IQR) change in body weight at week 96 was 2
(�0.3 to 5) kg in the D/C/F/TAF arm versus baseline
and 1 (0 to 2.9) kg in the control arm versus last value
before switch.

Laboratory parameters
Laboratory abnormalities were mostly grade 1 or 2. The
most frequent (>3%) grade 3 or 4 laboratory abnormality,
regardless of whether reported as an adverse event as
described above, was fasting LDL-C (�190 mg/dl) in the
D/C/F/TAF arm [9% (30/362)] and control arm after
D/C/F/TAF switch [4% (11/295)] (Table 1).

In the D/C/F/TAF arm, fasting lipid parameters showed
stable to small increases from week 48 to week 96 (Table 1
and Supplementary Figure 1, http://links.lww.com/
QAD/B596). In the control arm, similar trends were
seen for increases in fasting lipids at week 96 versus
reference (last value before switch) as in the D/C/F/TAF
arm at week 48 versus baseline (Table 1). The change
from baseline to week 96 in total cholesterol/HDL-C
ratio was þ0.25 in the D/C/F/TAF arm and from
reference to week 96 wasþ0.24 in the control arm. In the
D/C/F/TAF arm, lipid-lowering drugs were newly
started by seven (2%) and 14 (4%) of patients by weeks 48
and 96, respectively, and in the control arm following D/
C/F/TAF switch by three (1%) patients by week 96.

In the D/C/F/TAF arm, median (IQR) change from
baseline to week 96 in eGFRcr (CKD-EPI formula; [16])
was �5.6 (�12.8 to 0.1) ml/min per 1.73 m2 (P< 0.001)
(Fig. 4a). Median (IQR) change to week 96 versus
reference in eGFRcr was þ2.3 (�3.4 to 9.7) ml/min per
1.73 m2 in the control arm (P< 0.001). Only 22 patients at
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week 96 in the D/C/F/TAF arm and 33 patients at week
96 in the control arm had data for eGFRcyst (CKD-EPI
formula; [16]), so changes at week 84 are presented. The
median (IQR) change from baseline to week 84 in
eGFRcyst in the D/C/F/TAF arm (n¼ 204) was stable at

þ3.2 (�3.5 to 11.3) ml/min per 1.73 m2 (Fig. 4b). The
median (IQR) change in eGFRcyst at week 84 versus
reference in the control arm (n¼ 100) was þ1.2 (�3.2 to
6.4) ml/min per 1.73 m2. In both arms, median eGFRcr

and eGFRcyst were within normal limits through week 96.
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Fig. 4. Change from reference to week 48 and week 96 in renal and bone parameters. (a) eGFRcyst and (b) eGFRcr and BMD of the
(c) hip, (d) lumbar spine and (e) femoral neck. BMD, bone mineral density; D/C þ F/TDF, darunavir/cobicistat plus emtricitabine/
tenofovir disoproxil fumarate once daily; D/C/F/TAF, darunavir/cobicistat/emtricitabine/tenofovir alafenamide once daily; eGFRcr,
estimated glomerular rate based on serum creatinine; eGFRcyst, eGFR based on cystatin C; SE, standard error. aWithin treatment
arm for change at week 96 from baseline assessed by Wilcoxon signed-rank test (eGFR) and paired t-test (BMD). N is the number of
evaluable patients in each treatment arm at week 96 (a, c, d and e) or week 84 (b).



In the D/C/F/TAF arm, improvements in proteinuria
versus the control arm at week 48 were maintained
through week 96. For example, Supplementary Figure 2a,
http://links.lww.com/QAD/B597 shows that median
change from baseline in UPCR at week 48 was �15.7
mg/g in the D/C/F/TAF arm and �10.5 mg/g in the
control arm and at week 96 was�15.5 mg/g in the D/C/
F/TAF arm. Similar trends were observed for median
changes from baseline in UACR, RBP:Cr and B2M:Cr
(Supplementary Figure 2a, http://links.lww.com/QAD/
B597). In the control arm, decreases in all markers of
proteinuria were observed at week 96 versus reference.
Median (IQR) changes from reference to week 96 in
UPCR were �1.4 (�15.0 to 9.9) mg/g, UACR �0.5
(�2.3 to 0.6) mg/g, RBP:Cr –35.5 (�88.2 to�2.9) mg/
g and B2M:Cr �40.5 (�173.9 to �1.0) mg/g (all
P< 0.001 except UPCR, P¼ 0.112).

Bone substudy
The bone substudy included 113 patients in the D/C/F/
TAF arm and 99 in the control arm at baseline [5]. At week
48, mean change in BMD at each site was favourable for
D/C/F/TAF versus control ([5]; Fig. 4c–e). In the D/C/
F/TAF arm through week 96, there was no statistically
significant change from baseline in hip BMD (Fig. 4c),
with a small decrease in lumbar spine BMD (Fig. 4d) and
femoral neck BMD (Fig. 4e; mean percentage change
�0.3%, �0.9% and �1.3% at each site, respectively;
P¼ 0.47 hip, P¼ 0.04 spine, P¼ 0.005 femoral neck). A
similar trend was observed when comparing the relative
proportions of patients who had at least 3%, at least 5% or at
least 7% increases versus respective decreases in hip, spine
and femoral neck BMD at weeks 96 versus baseline in
the D/C/F/TAF arm (Supplementary Table 4, http://
links.lww.com/QAD/B598).

In the control arm, there were numerical improvements
at week 96 after switching to D/C/F/TAF compared
with reference for hip (þ0.5%), lumbar spine (þ0.5%)
and femoral neck BMD (þ0.2%). Fewer patients had at
least 3%, at least 5% or at least 7% decrease in BMD at
each site at week 96 versus reference (following D/C/F/
TAF switch) compared with the D/C plus F/TDF
treatment phase, with more patients having at least 3% or
at least 5% increases and similar proportions having at least
7% increases in BMD (Supplementary Table 4, http://
links.lww.com/QAD/B598).

Conclusions were similar for the proportions of patients
with an improvement (osteopenia to normal or
osteoporosis to normal or osteopenia) or a worsening
in BMD clinical status (normal to osteopenia or normal
or osteopenia to osteoporosis) at each site (Supplementary
Table 4, http://links.lww.com/QAD/B598).

In the D/C/F/TAF arm, there was no change in alkaline
phosphatase and minimal changes in procollagen type N-
terminal propeptide and C-type collagen sequence at

week 96 from baseline indicating low bone turnover
(Supplementary Figure 2b, http://links.lww.com/QAD/
B597).

Discussion

This investigational phase 3, randomized trial in ART-
naive patients showed that the once-daily D/C/F/TAF
STR resulted in a high proportion of patients maintaining
a virologic response of less than 50 copies/ml (FDA
snapshot) at week 96 (85% D/C/F/TAF arm; 84% overall
control arm) and low virologic failure rates (5.5 and 4.4%,
respectively; FDA snapshot). Week 96 virologic response
rates for D/C/F/TAF demonstrated here compare
favourably with those for STRs in ART-naive patients
from previous phase 3 trials (72–88%) [19–26]. Response
rates in this trial were comparable across baseline patient
subgroups, in the per-protocol and TLOVR analyses and
using the 200 copies/ml cut-off. The high at least 95%
cumulative adherence rate and improved adherence after
switch from three pills (double-blind) to the open-label
D/C/F/TAF STR in the control arm is in line with
previous observations of improved treatment adherence
with once-daily STRs compared with multitablet regi-
mens [7–9].

No treatment-emergent DRV, primary protease inhibitor
or tenofovir RAMs were detected through week 96,
reaffirming the high efficacy and high genetic barrier to
resistance of DRV-based initial ARTobserved previously
[1,4,5]. The emtricitabine RAM M184I/V was detected
in one patient at week 36 in the D/C/F/TAF arm, and
M184V was detected in one patient at week 84 in the
control arm (post switch to D/C/F/TAF). Resistance
emergence in the D/C/F/TAF arm may have been
related to transmitted drug resistance and suboptimal
DRV concentration as reported previously [5,18]. The
presence of M184I/V is not a contraindication to use of
D/C/F/TAF. M184I/V RAMs increase tenofovir,
stavudine and azidothymidine susceptibility and are
associated with reduced viral replication in vitro and
in vivo [27].

D/C/F/TAF may have an important role for treating
patients with uncertain adherence or who plan to start
treatment prior to the availability of resistance testing
results [14,15]. D/C/F/TAF does not require HLA
B�5701 screening, hepatitis or resistance testing before
treatment initiation. At 48 weeks, D/C/F/TAF showed a
high virologic response (84% of 109 patients) and 90%
completed a phase 3, single-arm, rapid initiation study
through 48 weeks (DIAMOND; NCT03227861) [28].

Low incidences of serious adverse events and disconti-
nuations because of adverse events were observed and no
deaths occurred, consistent with DRV and cobicistat
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safety profiles [1–3,5,6,29–32]. No discontinuations
because of bone, renal, or CNS adverse events occurred.
All study drug-related diarrhoea events were grade 1 or 2
and mostly transient in duration.

A small increase in body weight was observed in the
D/C/F/TAF arm over 2 years (2 kg), as observed in other
studies in patients receiving ART [33] or switching from a
TDF to a TAF regimen [34]. In ART-naive individuals,
these increases may also be due in part to lifestyle changes
and return to health effects. Large treatment cohorts
(NEAT022 and NA-ACCORD) suggest that integrase
inhibitors may be associated with more weight gain than
protease inhibitors [35,36].

Renal, bone and lipid safety results were consistent with
the established effects of TAF versus TDF [5,6,19,30]. In
the current study through week 48, all quantitative
measures demonstrated less proteinuria, improvement in
eGFRcyst and more favourable hip, spine and femoral
neck BMD and associated T-scores for D/C/F/TAF
versus control [5]. Furthermore, the incidence of renal
adverse effects regardless of causality was lower in the
D/C/F/TAF arm (2%; 7/362) versus control (6%; 21/
363) over 48 weeks [5]. Improvements in renal tubular
proteinuria and BMD at each site seen in the D/C/F/
TAF arm at week 48 versus control and preservation of
eGFR were maintained through week 96 and observed
in the control arm after switch through week 96. In
the D/C/F/TAF arm, there were increases in fasting
lipids at week 96. TDF decreases total cholesterol, LDL-
C and HDL-C to a modest extent, and therefore,
combination regimens containing TDF have less of an
effect on cholesterol than TAF-containing therapy
[5,6,19,30,37]. The difference in cholesterol between
control and D/C/F/TAF at week 48 and the change in
cholesterol in the control arm when switched after week
48 is likely because of the effects of TDF rather than an
adverse effect of TAF or other components of D/C/F/
TAF on lipids [38]. Whether the cholesterol-lowering
effects of TDF has any clinical benefit is unknown. Only
a small proportion of patients initiated lipid-lowering
therapy in either arm (4% over 96 weeks in the D/C/F/
TAF arm and 1% from switch through week 96 in the
control arm).

A study limitation was the nonuniform D/C/F/TAF
switch times in the control arm, resulting in a lack of
benchmark for D/C/F/TAF exposure, and hence we
focused on the efficacy results for the overall 96-week
control arm. However, the most relevant data comes from
the 96 weeks of D/C/F/TAF treatment in the
experimental arm. In addition, adherence was assessed
by pill count, which may not always capture true
adherence [39,40]. An internationally agreed upon
standard for measuring adherence does not exist, and
pill count is a convenient, routinely used method for
assessing adherence. Other limitations were similar to

those for other recent phase 3 trials in ART-naive patients
and limit generalizability of the results [20,21,23–26,41],
such as inclusion of a comparatively small proportion of
female patients, older patients (>50 years), nonwhite
patients, and likely because of treatment guidelines
recommending earlier initiation of ART, those with
viral loads at least 100 000 copies/ml and CD4þ counts
<200 cells/ml.

In conclusion, D/C/F/TAF resulted in a high virologic
response and low virologic failure rates (FDA-snapshot) at
week 96, with no development of resistance to DRV or
TAF in ART-naive adults. Week 96 safety findings were
consistent with those at week 48. Bone, renal and lipid
safety were consistent with known profiles of the D/C/F/
TAF components. Control arm safety findings following
D/C/F/TAF switch (limited exposure) were consistent
with results in the D/C/F/TAF arm. The results of the
AMBER phase 3 trial through 96 weeks confirm the
efficacy and high genetic barrier to resistance and bone/
renal safety advantages of D/C/F/TAF for ART-naive
patients.
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