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Background. The pilot phase IIb VIKING study suggested that dolutegravir (DTG), a human immunodeficiency
virus (HIV) integrase inhibitor (INI), would be efficacious in INI-resistant patients at the 50 mg twice daily (BID) dose.

Methods. VIKING-3 is a single-arm, open-label phase III study in which therapy-experienced adults with INI-
resistant virus received DTG 50 mg BID while continuing their failing regimen (without raltegravir or elvitegravir)
through day 7, after which the regimen was optimized with >1 fully active drug and DTG continued. The primary
efficacy endpoints were the mean change from baseline in plasma HIV-1 RNA at day 8 and the proportion of subjects
with HIV-1 RNA <50 ¢/mL at week 24.

Results. Mean change in HIV-1 RNA at day 8 was —1.43 log;o ¢/mL, and 69% of subjects achieved <50 ¢/mL at
week 24. Multivariate analyses demonstrated a strong association between baseline DTG susceptibility and response.
Response was most reduced in subjects with Q148 + >2 resistance-associated mutations. DTG 50 mg BID had a low
(3%) discontinuation rate due to adverse events, similar to INI-naive subjects receiving DTG 50 mg once daily.

Conclusions. DTG 50 mg BID-based therapy was effective in this highly treatment-experienced population with
INI-resistant virus.

Clinical Trials Registration. www.clinicaltrials.gov (NCT01328041) and http:/www.gsk-clinicalstudywww.gsk-
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Dolutegravir (DTG) is a new integrase inhibitor (INT)
with demonstrated efficacy in INI-naive patients [1-
3] and is approved in the United States for the treat-
ment of human immunodeficiency virus type 1 (HIV-1)
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infection [4]. In vitro, DTG retained activity against
virus with mutations associated with raltegravir
(RAL) and elvitegravir (EVG) resistance [5, 6]. In the
phase IIb VIKING study, 2 sequential cohorts of sub-
jects with RAL-resistant virus received DTG 50 mg ei-
ther once (QD) or twice daily (BID) with an optimized
background drug regimen (OBR) after an 11-day func-
tional monotherapy period [7]. Data from a healthy
subject study demonstrated a variable and less-than-
dose-proportional increase in DTG drug exposure
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when increasing the dose from 50 to 100 mg; therefore, to op-
timize exposure, the 50 mg BID dose was investigated in the
phase IIb VIKING study.

Based on the greater efficacy of DTG 50 mg BID in VIKING,
this dose was selected for phase III evaluation in INI-resistant
patients. Here, we report the results from a phase III study in
patients with documented RAL- and/or EVG-resistant virus.
An initial 7-day functional monotherapy phase was designed
to assess the independent activity of DTG, followed by DTG co-
administered with OBR to assess durability of response. Factors
associated with antiviral response at day 8 and week 24 were
explored.

METHODS

Study Design

VIKING-3 (ING112574) is a single-arm, open-label, multicenter
study conducted at 65 sites in the United States, Canada, and
Europe. A 7-day functional monotherapy period (only DTG
activity expected) where DTG 50 mg BID replaced RAL or
EVG in the previously failing antiretroviral therapy (ART) regi-
men was followed by a second phase from day 8, when the back-
ground ART was optimized according to baseline resistance data.

Study visits were at screening (day —42 to day —35), days 1
and 8, weeks 4, 8, 12, 16, 24, 32, 40, and 48 and every 12
weeks thereafter.

Ethics committee approval was obtained at all participating
sites in accordance with the principles of the 2008 Declaration
of Helsinki, with written informed consent obtained from each
subject prior to screening procedures. Protocol summaries were
posted to www.clinicaltrials.gov (NCT01328041) and www.gsk-
clinicalstudyregister.com (112574).

Subjects

Eligible subjects were ART experienced, >18 years old, with
plasma HIV-1 RNA >500 copies/mL (c/mL). Screening and/
or documented historic evidence of resistance (genotypic
and/or phenotypic) to RAL and/or EVG and to >2 other
ART classes was mandated, along with at least 1 fully active
drug option for their OBR. Subjects were excluded if they
had active US Centers for Disease Control and Prevention
(CDC) category C disease except for Kaposi’s sarcoma; moder-
ate to severe hepatic impairment (Child Pugh criteria); antici-
pated need for hepatitis C therapy during the first 24 weeks; or
defined exclusionary laboratory values and medical conditions,
including pregnancy. Based on the observed reductions in
DTG exposure with certain antiretrovirals [4] (and considering
washout period between treatments), the following criteria also
applied: treatments including efavirenz or nevirapine within 14
days of DTG first dose and during the study were exclusionary;
etravirine (ETR) was permitted only if coadministered with
lopinavir/ritonavir or darunavir/ritonavir (DRV/r); and

tipranavir/ritonavir or fosamprenavir/ritonavir were only
allowed from day 8 for subjects harboring virus without
Q148 + >2 associated mutations.

Efficacy Assessments

The primary endpoints were the mean change from baseline in
plasma HIV-1 RNA at day 8 and the proportion of subjects with
<50 ¢/mL at week 24 using the Abbott RealTime HIV-1 Poly-
merase Chain Reaction (PCR) Assay (Abbott Molecular, Des
Plaines, IL). Key secondary efficacy outcomes included the im-
pact of covariates on day 8 and week 24 treatment response,
change from baseline in CD4" cell count, and incidence of dis-
ease progression.

Safety Assessments

Safety parameters assessed at all visits included adverse
events (AEs), serious AEs, and hematology and chemistry
laboratory values. Vital signs, electrocardiograms, fasting
lipids, dipstick urinalysis, and urine albumin/creatinine
ratio were also assessed. Division of AIDS toxicity scales
[8] was applied. An independent data monitoring committee
(IDMC) assessed ongoing safety. The IDMC also adjudicated
events of suspected immune reconstitution inflammatory
syndrome (IRIS) [9]. All available data as of the data cutoff,
based on the last enrolled subject reaching week 24, are
presented.

Viral Genotyping and Phenotyping Assessments

Viral genotyping and phenotyping were carried out on screen-
ing and day 1 plasma by Monogram Biosciences (San Francisco,
CA), with the exception of the screening integrase (IN) geno-
type analyzed by Quest Diagnostics (Valencia, CA). PhenoSense
and GeneSeq testing were used for nucleoside reverse transcrip-
tase inhibitors (NRTIs), nonnucleoside reverse transcriptase
inhibitors (NNRTTIs), protease inhibitors (PIs), and INIs, with
PhenoSense Entry for enfuvirtide (T-20) and Trofile for mara-
viroc (MVC). The Monogram ‘net assessment’ results based on
genotypic and/or phenotypic data were used to produce an
overall susceptibility score (OSS) for each drug. Genotypic sus-
ceptibility scores (GSS) and phenotypic susceptibility scores
(PSS) were calculated according to the Stanford HIVdDb inter-
pretation of genotypes [10] and the Monogram phenotypic cut-
offs, respectively.

Pharmacokinetic and Pharmacokinetic-Pharmacodynamic
Analyses

Predose (C0) DTG concentrations were obtained at day 8 and
weeks 4 and 24 and analyzed as described elsewhere [11]; the
average across these time points (C0-avg) was calculated. The
phenotypic inhibitory quotient (PIQ-CO0) was calculated as
DTG C0 divided by the baseline fold change in 50% inhibitory
concentration (FC) and protein-binding-adjusted 90% inhibi-
tory concentration relative to wild-type virus. The association
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between DTG C0, PIQ-CO (log transformed), and primary effi-
cacy endpoints and safety measures was evaluated using univar-
iate and multivariate regression analyses.

Statistical Analysis

Assuming at least a 0.7 log;o ¢/mL response at day 8 (standard
deviation of 0.5) vs the no change null hypothesis and a 2-
sided 5% significance level testing would require <20 subjects
for 90% power. For the primary endpoint at week 24, 100 sub-
jects would provide 4% precision, yielding a 95% confidence
interval (CI) of 72% to 88% (assuming response of 80%
based on the VIKING study [7]). More subjects were enrolled
to allow a more comprehensive assessment of predictors of re-
sponse and safety [12]. The primary efficacy and safety analy-
ses were based on the intent-to-treat exposed (ITT-E)/safety
population comprising all subjects who received >1 dose of in-
vestigational product (IP). For the day 8 primary analysis, the
previous on-treatment observation was carried forward if day
8 data were missing, and the baseline data were carried forward
if the subject had no on-treatment data due to premature with-
drawal. Response at Week 24, including primary endpoint and
multivariate analyses, was assessed with the Snapshot algo-
rithm [13].

Univariate subgroup analyses explored the impact of baseline
demographic characteristics (age, gender, race, country, dura-
tion of prior INI therapy, viral load, CD4" cell count, IN phe-
notype and genotype, PSS, GSS or OSS to background regimen,
and OSS to new [never used previously] drugs in the OBR) and
pharmacokinetic exposure (CO or C0-avg) on response.

Multivariate regression analyses of factors affecting response
were conducted using a linear regression model for day 8 and a
logistic regression model for week 24. For these analyses, viro-
logical outcome population was defined to minimize potential
confounders; this excluded subjects who received incorrect IP,
had IP interruption, received prohibited medication, or who
discontinued IP for any reason other than lack of efficacy
prior to the time point of interest (ie, day 8 or week 24). Highly
correlated factors such as DTG FC and IN mutation subgroups
were explored in separate models. All variables in the univariate
analyses were explored in multivariate analyses, and the final
models were selected using Akaike Information Criterion
(AIC) [14].

Prespecified IN mutation categories and a derived IN muta-
tion group categorization (based on analysis of day 8 responses
by baseline resistance within this study) were assessed. Three IN
mutation subgroups were derived on the basis of their differen-
tial impact on response: No Q148 (Y143, N155, T66, or E92
mutations or historical resistance), Q148 +1, and Q148 + >2.
Based on the prevalence of specific substitutions observed at
baseline in the study, the latter 2 groups were defined by the
presence of 1 or >2 of the following IN secondary mutations:
G140A/C/S, L741 or E138A/K/T [15].

RESULTS

Demographic and Baseline Characteristics

Of 323 subjects screened, 183 were enrolled and received at least
1 dose of DTG. Enrollees had advanced HIV disease and exten-
sive prior ART (Table 1). Seventy-three percent of subjects had
screening INI resistance (genotypic and/or phenotypic), and
27% (n=50) had historic evidence only. At baseline (35-42
days post-screening), 33% had no detectable primary INI-
resistance mutations, 36% had mutations other than Q148 (ie,
primary mutations at codons N155, Y143, T66, and E92),
whereas 20% and 11% had virus with Q148 + 1 or + >2 associ-
ated secondary mutations, respectively. The median (range) FC
to RAL was 47.5 (0.49->maximum assay limit). The median
DTG FC was low (1.29); the range (0.45-47) was sufficient to
assess efficacy. At baseline, 79%, 70%, and 75% of subjects har-
bored viruses with >2 NRTI, >2 PI, and >1 NNRTI major re-
sistance mutations, respectively, and 62% had CXCR4 virus
detected. Plasma HIV-1 RNA on the failing regimen prior to
starting DTG was stable between screening and baseline
(Table 1). Day 8 OBRs were diverse; the most commonly used
agents were DRV/r (65%), tenofovir/emtricitabine (TDF/FTC;
60%), ETR (37%), T-20 (32%), and MVC (25%). TPV/r was
used in 15 (8%) subjects. Fifty-six percent of subjects had an
OBR OSS >2; however, despite the extensive history of prior
NRTTI use (90% of subjects had prior use of >3 NRTIs), an
NRTI was considered the second active agent in 56/77 (73%)
subjects with OSS of 2, and the second and third active agents
in 12/26 (46%) subjects with OSS of 3. DRV/r was classified as
fully active in 25% of participants; TDF, T-20, and ETR were
considered fully active in 46%, 28%, and 22% of subjects, re-
spectively. When only drugs never previously used were consid-
ered for the OBR activity score, 38% and 42% had an OSS of 0
or 1, respectively, and only 20% of subjects had an OSS >2, po-
tentially better reflecting the activity of the OBR.

Efficacy

A strong antiviral response was demonstrated at both day 8 and
week 24. Day 8 mean change from baseline in plasma HIV-1
RNA was —1.43 log;g ¢/mL, and 69% (95% CI, 62%-76%) of
subjects achieved <50 ¢/mL at week 24 (Table 2). The response
was rapid, with 54% and 61% of subjects with HIV-1 RNA <50

c/mL by weeks 4 and 8, respectively.

In univariate analyses, DTG FC >10 and the presence of
Q148 + >2 virus were associated with a day 8 mean reduction
of <1log;o ¢/mL HIV-1 RNA and a low response at week 24
(Table 3). The No Q148 subgroup had the highest responses.
A separate prespecified assessment of Y143 (n=28) and
N155H (n=33) mutations showed day 8 mean changes in
HIV-1 RNA of —1.7 and —1.43 log;, ¢/mL, respectively, and
week 24 HIV-1 RNA <50 ¢/mL of 75% and 88%, respectively.
The antiviral response increased as DTG FC decreased.
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Table 1.

Demographics and Disease Characteristics

Table 1 continued.

DTG 50 mg BID DTG 50 mg BID
Parameter (N=183) Parameter (N=183)
Age, median (IQR), y 48 (43-52) ETR 67 (37)
Male, n (%) 141 (77) T-20 59 (32)
Race, n (%) MVC 46 (25)
White 130 (71) OBR coadministered with DTG (combinations in >5%), n (%)
African American/African heritage 49 (27) TDF/FTC + DRV/r 21 (11)
Missing 4(2) TDF/FTC + DRV/r + T-20 11 (6)
CD4" cell count, median (IQR), cells/mm? 140 (40-330) TDF/FTC + DRV/r + T-20 + ETR 11 (6)
Screening plasma HIV-1 RNA level, 4.26 (3.64-4.83) TDF/FTC + DRV/r + ETR 10 (5)
median (|OR), |og10 c/mL DRV/r + MVC 10 (5)
Baseline plasma HIV-1 RNA level, median ~ 4.38 (3.67-4.93) DRV/r + ETR 9 (5)
(IQR), logqg c/mL . . L s
Most frequently used active antiretroviral in OBR, n (%)
CDC category C, n (%) 102 (56) TDF 84 (46)
Hepatitis coinfection, n (%)
HBsAg positive 10 (5) 120 o129
1TV
9 p o DRV/r 45 (25)
HCV-antibody positive 26 (14)
. . ETR 40 (22)
HBsAg- and HCV-antibody positive 2(1) MVC 33 (18)
Duration of prior ART, median (IQR), y 14 (8.50-17.33)
Number of prior ARTs, median (IQR) 14 (3-23) Abbreviations: ART, antiretroviral therapy; BID, twice daily; ¢/mL, copies/mL;
Prior ART treatment, n (%) DRV/r, darunavir/ritonavir; DTG, dolutegravir; ETR, etravirine; FC, fold change
! ° in 50% inhibitory concentration relative to wild-type virus; FTC, emtricitabine;
ETR 103 (56) HBsAg, hepatitis B surface antigen; HCV, hepatitis C virus; INI, integrase
Enfuvirtide 89 (49) inhibitor; IQR, interquartile range; MVC, maraviroc; NNRTI, nonnucleoside
reverse transcriptase inhibitor; NRTI, nucleoside reverse transcriptase
DRV/r. - - 134 (73) inhibitor; OBR, optimized background regimen; OSS, overall susceptibility
Genotypic and/or phenotypic INI resistance for study entry, n (%) score; Pl, protease inhibitor; RAL, raltegravir; T-20, enfuvirtide; TDF, tenofovir.
Detected at screening 133 (73) @ Historic resistance for eligibility was as follows: 42/50 subjects had primary
Prior historic detection only? 50 (27) mutation at positions 92 (n=2), 143 (n=4), 155 (h=19), 148 (n=15) or
Baseli . . INI . 12 7 multiple primary mutations (n=2) and the remaining 8/50 had historic
aj.eetgiég;notypm primary resistance 3(67) phenotypic resistance to RAL.
. . . o ® OBRincludes all drugs in the OBR; OBR, no prior use includes only drugs that
Derived IN mutation groups at baseline, n (%) had not been previously been administered prior to OBR start.
No Q148 (N155H, Y143C/H/R, T66A, 126 (69) ¢ Activity based on OSS at baseline.
E92Q or historical evidence)
Q148 +1 (secondary mutation from 36 (20)
G140A/C/S, E138A/K/T or L74l)
Q148 + >2 (secondary mutations from 21 (1) Increasing activity of OBR did not significantly improve day 8
G140A/C/S, E138A/K/T or L74l) .

: - or week 24 responses. There was an improved week 24 response
Baseline DTG FC, median (IQR) 1.29 (0.92-3.82) hen >2 active © led” ART dministered with
Baseline RAL FC, median (IQR) 47.5 (111->maximum Lo =% aciive nonrecycie § were coadminstered wi

assay limit) DTG (Table 3), but this was not a significant predictor of re-
Other ART resistance at baseline, n (%) sponse in multivariate analyses (see below).
>3 NRTI major mutations 133 (73) Multivariate analyses exploring impact of covariates on day 8
>2 Pl major mutations 129 (70) response showed that baseline HIV-1 RNA, DTG phenotype,
>2 NNRTI major mutations 108 (59) IN genotype, and DTG day 8 CO had significant impact on
Mixed CCRS/ C_XCR‘_l or CXCR4 tropic 113 (62) day 8 response with varied magnitude of effect (Table 4). The
OST:Of2h$notyp|ckre5|stance ' 24 113) 2 models with the highest measure of model fitness (lowest AIC
N ((S/)o ) aling background regimen =0, (ot value) are presented. Considering the greater model complexity
0SS of day 8 OBR, all / no prior use, n (%)° (3 genotype subgroups) of model 2, the model fitness for both
0 9 (5) /69 (38) models is comparable. The factor with greatest impact was base-
1 71(39) /77 (42) line Q148 + >2 associated mutations, with day 8 change from
2 77 (42) /35 (19) baseline in HIV-1 RNA reduced by 0.69 log;, ¢/mL when com-
>2 26 (14) /2 (1) pared to no Q148 mutation at baseline (P <.001). DTG CO0 had a
OBR coadministered with DTG (in >25%), n (%) very small effect size: increasing DTG CO by 1 pg/mL only increased
DRV/r 119 (65) response by 0.05log;o ¢/mL (P =.021). The overall geometric
TDF/FTC 109 (60)

mean plasma DTG pre-dose concentration was 2.33 pg/mlL,
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Table 2. Primary Efficacy Results (ITT-E Population)

DTG 50 mg BID
Parameter (N =183)

Change from baseline in plasma HIV-1 RNA at day 8 (LOCFDB)
Plasma HIV-1 RNA level, logo ¢/mL

Baseline, mean (SD) 4.26 (0.93)

Change from baseline, mean (SD)*° -1.43 (0.61)

95% ClI -1.52, —-1.34

Subjects with plasma HIV-1 RNA <50 ¢/mL at Week 24, n (%)°

Virological success (HIV-1 RNA <50 ¢/mL) 126 (69)
Virological nonresponse 50 (27)

Data in window >50 ¢/mL 28 (15)

Discontinued for insufficient viral load 9 (5)
response®

Discontinued for other reasons while not 3(2)
<50 ¢/mL

Change in background ART 10 (5)
No virological data at Week 24 7 (4)
Discontinued due to AE/death® 5(3)
Discontinued for other reasons 2 (1)

Abbreviations: AE, adverse event; ART, antiretroviral therapy; BID, twice daily;
Cl, confidence interval; ¢/mL, copies/mL; DTG, dolutegravir; ITT-E, intent-
to-treat exposed; HIV-1, human immunodeficiency virus type 1; LOCFDB,
last observation carried forward and discontinuation equals baseline; SD,
standard deviation.

@ Based on LOCFDB; 182 subjects are included as 1 subject did not have any
on-treatment viral load data at or before day 8 but was still ongoing.

® P<.001 vs null hypothesis of no change from baseline.

¢ Based on US Food and Drug Administration Snapshot analysis.

9 Insufficient response as per investigator discretion.

®One subject died post withdrawal from progressive multifocal
leukoencephalopathy.

with a between-subject coefficient of variation of 68% (Table 5).
Increased activity score of the failing background regimen did
not improve response; the change from baseline was actually
reduced in those with a PSS of 2 or >2 compared with those
with a score of 0.

Baseline INT resistance (genotypic or phenotypic) and viral
load were highly significant predictors for week 24 response: for
every 2-fold increase in DTG FC, the odds of achieving HIV-1
RNA <50 ¢/mL were 63% lower; the odds of achieving this end-
point were 96% lower in subjects with virus harboring Q148 + >2
mutations compared with the response in those with no evidence
of Q148 mutations (Table 4). For every 10-fold increase in base-
line HIV-1 RNA, the odds of achieving HIV-1 RNA <50 ¢/mL
were about 80% lower. The activity scores of the OBR had insuf-
ficient impact for inclusion in the final models.

Similar patterns of association between response and baseline
factors (eg, viral load, background regimen activities; data not
shown) were observed across the 3 derived IN mutation groups
(ie, No Q148, Q148 + 1, and Q148 + >2). There was no signifi-
cant interaction between derived IN mutation groups and other
main factors in the multivariate regression analysis.

Table 3. Virological Response at Day 8 and Week 24 by Baseline
Factors, Univariate Analyses

Change From
Baseline (Logo ¢/
mL) at Day 8, ITT-E

(N =183) HIV-1 RNA <50 ¢/mL at
Week 24, ITT-E (N =183)

Subgroup N Mean  SD n/N (%)
Overall 182 -1.43 (0.61) 126/183 (69)
HIV-1 RNA ¢/mL

<10000 70 =134 (0.52) 60/70 (86)

>10000 to 72 =145 (0.64) 52/72 (72)

<100 000

>100000 40 -1.56 (0.68) 16/41 (39)
CD4+ cells/mm®

<50 49 -1.23 (0.68) 19/50 (38)

50 to <200 60 -1.53 (0.67) 41/60 (68)

200 to <350 34 -155 (0.38) 32/34 (94)

>3560 39 -1.40 (0.53) 34/39 (87)
DTG FC

0to <4 134 -1.59 (0.52) 102/135 (76)

>4 to <10 26 -1.07 (0.58) 14/26 (54)

>10 15 =072 (0.73) 3/11 (27)

Missing 7 =129 (0.36) 7/7 (100)
Primary IN mutation at baseline

Detected 122 -1.34 (0.62) 79/123 (64)

Not detected 60 -1.62 (0.55) 47/60 (78)
Derived IN mutation group

No Q148° 126 -1.59 (0.51) 100/126 (79)

Q148 +1° 36 -1.15 (0.54) 21/36 (58)

Q148 + >2° 20 -0.92 (0.81) 5/21 (24)
PSS of background ART®

0 96 -1.45 (0.54) 6/8 (75)

1 67 -1.47 (0.68) 40/58 (69)

2 11 =122 (0.50) 58/82 (71)

>2 8 -1.26 (0.73) 22/35 (63)
GSS of background ART®

0 73 -1.44 (0.60) 4/8 (50)

>0to 1 85 -1.48 (0.61) 43/58 (74)

>1to 2 15 -1.29 (0.65) 58/87 (67)

>2 9 -1.15 (0.46) 21/30 (70)
0SS of background ART®

0 105 -1.44 (0.58) 7/9 (78)

1 60 -1.50 (0.66) 48/71 (68)

2 11 =114 (0.54) 53/77 (69)

>2 6 -1.18 (0.56) 18/26 (69)
0SS of OBR new drugs only®

0 NA NA NA 45/69 (65)

1 NA NA NA 52/77 (68)

2 NA NA NA 27/35 (77)

>2 NA NA NA 2/2 (100)

Abbreviations: ART, antiretroviral therapy; ¢/mL, copies/mL; DTG, dolutegravir;
FC, fold change in 50% inhibitory concentration relative to wild-type virus; GSS,
genotypic susceptibility score; HIV-1, human immunodeficiency virus type 1;
IN, integrase; ITT-E, intent-to-treat exposed; NA, not applicable; OBR,
optimized background regimen; OSS, overall susceptibility score; PSS,
phenotypic susceptibility score; SD, standard deviation.

? Included primary INI-resistance mutations N155H, Y143C/H/R, T66A or E92Q
or only historical evidence of resistance.

b Secondary mutations from G140A/C/S, E138A/K/T or L74I.

¢ Failing background regimen for Day 8 response, OBR for Week 24 response.
4 0SS of OBR when only drugs never previously administered were assessed.
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Table 4.

Analysis); Virologic Outcome Population

Factors Associated With Virological Response at Day 8 (Linear Regression Analysis) and Week 24 (Logistic Regression

Change From Baseline (Logqo c/mL) at Day 8 (N =179)

HIV-1 RNA <50 ¢/mL at Week 24 (N = 161)

Model 1 With DTG FC

Model 2 With Derived IN
Mutation Group (n = 145;

Model 1 With DTG FC

Model 2 With Derived IN
Mutation Group (n = 153;

(n=139; AIC=223.4) AIC =228.9) (n=153; AIC=113.5) AIC =120.4)
Effect (LS Mean?) P Effect (LS Mean?) P Odds Ratio P Odds Ratio P
Factors (95% ClI) Value (95% Cl) Value (95% Cl) Value (95% CI) Value
10-fold increase in -0.12 (-.22, —.02) .0175 —0.13 (-.23, —.04) .007 0.20 (.09, .49) <.001 0.24 (.10, .55) <.001
HIV-1 RNA ¢/mL
50-cell increase in NR NR NR NR  1.23 (.99, 1.53) 059  1.26(1.01, 1.57) .045
CD4+ cells/mm?®
2-fold increase in 0.18(0.12,0.25)  <.001 P 0.37 (25, 57)  <.001 P
DTG FC
Derived IN mutation group
No Q148° B Reference group® b Reference group®
Q148 +1° b 0.44 (.22, .66) <.001 b 0.31 (.08, 1.19) 088
Q148 + >2° = 0.69 (.42, .95) <.001 o 0.04 (.01, .20) <.001
PSS of background ART'
0 Reference group® Reference group? NR NR
1 —0.06 (.25, .12) 499 —0.04 (-.22, .14) .685 NR NR
2 0.38 (-.01, .78) .05 0.44 (.07, .80) .019 NR NR
>2 0.52 (.04, 1.00) .033 0.55 (.07, 1.02) .024 NR NR
GSS, PSS, or OSS NR NR NR NR
of background
ART
1 pg/mL increasein ~ —0.05 (.09, —.01) .021 —0.05 (-.09, -.01) .013 NR NR

DTG C0¢9

Abbreviations: AIC, Akaike Information Criterion for model fitness; ART, antiretroviral therapy; Cl, confidence interval; CO, drug concentration immediately prior to
dosing; DTG, dolutegravir; FC, fold change in DTG 50% inhibitory concentration relative to wild-type virus; GSS, genotypic susceptibility score; HIV-1, human
immunodeficiency virus type 1; IN, integrase; LS, least squares; NR, not retained (factor not retained in final regression model based on AIC model selection

criteria); OBR, optimized background regimen; OSS, overall susceptibility score; PSS, phenotypic susceptibility score.

# LS mean: LS mean value of the coefficient derived from multivariate linear regression model after adjusting for other factors.
b Factor deliberately excluded from the model as it correlated with another measure of resistance used in the model.
¢ Included primary INI-resistance mutations N155H, Y143C/H/R, T66A or E92Q or only historical evidence of resistance.

9 Reference value against which activity of other subfactors was measured.
¢ Secondary mutations from G140A/C/S, E138A/K/T or L74l.

f The failing background regimen activity was assessed for the Day 8 response, but the OBR activity (including the OSS for only new drugs) was assessed for the

Week 24 response.

9 For the day 8 analyses, the day 8 CO was used; for the week 24 analyses, the CO-avg was used (ie, the mean of the COs at day 8, week 4, and week 24).

The week 24 median (interquartile range) change from base-
line in CD4" cell count was +61 cells/mm? (20-130). Only 7% of
the 183 subjects developed new (not recurrent) HIV-associated
CDC category B or C conditions, with no single condition
predominating. Three subjects progressed to CDC category C,
and 1 subject, who had CDC category C at baseline, died ap-
proximately 3 months after study withdrawal for virologic failure
due to progressive multifocal leukoencephalopathy (PML).

Safety

Median exposure to DTG was 336 days (range, 14-509). The
most common drug-related AEs were diarrhea, nausea, and
headache (Table 6). Five subjects were withdrawn for safety

events: hepatitis (3), rash, pruritus, paresthesia (1), and choleli-
thiasis (1). One subject experienced a drug-related serious AE of
syncope, which resolved without recurrence. Another subject
developed a “hypersensitivity”-type reaction characterized by
full body rash with fever, nausea, and vomiting, followed by in-
creased alanine aminotransferase (ALT) approximately 4.6
times the upper limit of normal (ULN) and direct bilirubin el-
evation (approximately 6.4 times ULN) after 15 days of DTG
treatment and 7 days of treatment with ETR and DRV/r;
event resolved after discontinuation of all 3 medications. Five
subjects were considered to have IRIS for the following condi-
tions (none of which resulted in withdrawal): PML, fever of
unknown origin, herpes zoster, ophthalmic herpes zoster, and
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Table 5. Summary of DTG CO and P1Q-CO0 by Visit

Plasma DTG CO (ug/mL)

Parameter Day 8 Week 4 Week 24 Average
No. of subjects 148 161 134 180
Geometric mean  2.36 (91)  1.90 (113) 2.15(93)  2.33 (68)
(% CVb)
PIQ-CO
No. of subjects 142 155 128 173
Geometric mean  19.4 (202) 16.5(234) 21.6(181) 19.4 (175)

(%CVb)

Abbreviations: CO, drug concentration immediately prior to dosing; %CVb,
between-subject coefficient of variation; DTG, dolutegravir; PIQ-CO, CO
divided by fold change in 50% inhibitory concentration at baseline and
protein-adjusted 90% inhibitory concentration for wild-type virus.

cryptogenic origin. Grade 3 and 4 clinical chemistry abnormal-
ities were reported for 20% (n = 36) and 3% (n = 6), respectively,
with the grade 4 events encompassing increased ALT (1), aspar-
tate aminotransferase (2), bilirubin (1), creatine kinase (2), alka-
line phosphatase (2), and creatinine (2). As noted in other DTG
studies, serum creatinine increased from baseline by a mean of
12.33 umol/L (n = 162) at week 24 but was not associated with
evidence of albuminuria (small mean decline of urine albumin/
creatine ratio of 4.55 pmol/L). Four subjects experienced

Table 6. Summary of Treatment-Emergent Adverse Events
(>Grade 2)

All Events® Drug-related®

Parameter (N=183)n (%) (N=183)n (%)
Any adverse event (grade >2) 106 (55) 27 (15)

Diarrhea 11(6) 4(2)

Headache 8 (4) 3(2)

Injection site reaction 7 (4)

Pneumonia 7 (4)

Bronchitis 6 (3)

Cough 6 (3) o

Nausea 6 (3) 3(2)

Pyrexia 5 (3)

Rash 5 (3)

Arthralgia 5(3)

Insomnia 5(3) L
Any serious adverse event 31(17) 2 (1)

Syncope 1(<1)

Drug eruption, 1(<1)

hyperbilirubinemia, and
alanine aminotransferase
increased

@ 1n >2% subjects.

°In >2% subjects for any adverse event, but all serious adverse events
reported as drug related presented.

treatment-emergent liver stopping criteria, but 3 of these sub-
jects continued or restarted DTG without recurrence of hepati-
tis. One subject with hepatitis B and C coinfection at baseline
continued on DTG after rapid resolution of liver chemistry ab-
normalities. One subject with hepatitis B reactivation after
TDF/FTC discontinuation at day 8 was restarted on DTG
along with appropriate hepatitis B therapy without recurrence
of hepatitis. One subject receiving DRV/r withdrew from the
study; rechallenge with DRV/r resulted in hepatitis recurrence,
but treatment with DTG in another study was without recur-
rence of hepatitis. The fourth subject (with hypersensitivity de-
scribed above) was withdrawn and not rechallenged with DTG.
Grade 3 (n=2, 1%) or grade 4 (n =2, 1%) hematologic abnor-
malities were uncommon: neutropenia (n = 3) and thrombocy-
topenia (n=1).

Pharmacokinetic and Pharmacokinetic-Pharmacodynamic
Results

Plasma DTG C0-avg was similar between those who achieved
<50 ¢/mL at week 24 vs those who did not (2.42 pg/mL
[n=125] and 2.12 pg/mL [n = 55], respectively). Multivariate
regression identified plasma DTG CO as a predictive factor for
day 8 but not week 24 response; effect size on day 8 response
was small (Table 4). There was no association between DTG
C0-avg and the 3 most common AEs (diarrhea, headache, or
nausea) or change from baseline in ALT, bilirubin, creatinine,
creatinine clearance, and urine albumin/serum creatinine ratio.

DISCUSSION

VIKING-3 was designed to confirm the pilot VIKING study re-
sults by demonstrating the short- and long-term antiviral activ-
ity of DTG in subjects with INI resistance, in addition to
assessing the safety of the 50 mg BID dose. The VIKING-3
week 24 efficacy and safety results formed the basis of the
FDA approval of DTG for INI-resistant patients, at a dose of
50 mg BID for patients with documented or clinically suspected
INT resistance [4].

The open-label, single-arm study design with a short func-
tional monotherapy phase was adopted for this study in view
of the challenges of a controlled design for this patient popula-
tion [12]. Key issues included the risk of further resistance evo-
lution in a placebo control arm and lack of availability of a
single comparator drug appropriate for participants with multi-
class resistance. Despite the limitations of a single-arm study,
the results demonstrate the benefit of DTG for patients with
INT resistance and limited treatment options. Long-term assess-
ment of the independent activity of DTG was further challenged
by the way the OBR activity could be measured via a snapshot of
resistance data at baseline; indeed, when drugs previously used
were excluded from the OSS estimations, the activity of the OBR
decreased significantly. The lack of impact of the background
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ART on the day 8 or week 24 response and the strong relation-
ship between baseline DTG susceptibility and response, re-
vealed in both univariate and multivariate analyses, strongly
support the independent antiviral activity of DTG.

At week 24, 69% of subjects achieved HIV-1 RNA <50 ¢/mL
despite their advanced disease and limited options for OBR.
Recognizing the limitations of cross-study comparisons, previ-
ous studies of new, within-class antiretrovirals in ART-experi-
enced subjects had week 24 response rates in the range of
25%-62%, although the study populations were generally less
treatment-experienced than that of VIKING-3 [16-19]. The
DUET populations were most similar to that of VIKING-3
(CD4" approximately 100 cells/mm?, 58% CDC category C,
66% with 10-15 prior antiretrovirals). Though patients received
2 new within-class antiretrovirals [ETR and DRV/r; 4% had
prior DRV/r experience]) [20], the week 24 response of 59%
was not higher than in VIKING-3. Even in the combined
BENCHMRK studies where a new class was introduced (medi-
an years of prior ART use of 10 years and median 12 prior
ARTSs), only 60% of patients achieved HIV-1 RNA <50 ¢/mL
at week 24 [21].

Based on multivariate analyses, the strongest predictive factor
of response was baseline resistance (DTG FC and the genotypic
IN mutation group): subjects in the Q148 + >2 group had a
lower day 8 response than those in the No Q148 virus group,
and their odds of achieving HIV-1 RNA <50 ¢/mL at week 24
were 96% lower. The number of patients with Q148 + >2 asso-
ciated mutations viruses may decrease over time as manage-
ment of INI failure evolves with earlier interruption and
withdrawal of the failing INL

The safety profile of DTG 50 mg BID in this INI-experienced
population was similar to that observed for DTG 50 mg QD in
the less treatment-experienced populations [1-3], despite more
advanced HIV disease and the coadministration of multiple
medications. DTG was well tolerated with few safety-related dis-
continuations. The types and frequency of AEs were similar to
those described for DTG 50 mg QD [1-3]; changes in serum
creatinine were consistent despite the higher dose of DTG,
and no subjects were withdrawn for renal toxicity. One subject
had a suspected hypersensitivity event potentially attributed to
DTG, with accompanying rash and hepatitis, but this event was
confounded by DRV/r and ETR use. Other subjects with clini-
cally significant hepatitis had alternative diagnoses (eg, hepatitis
B reactivation, liver injury due to OBR). IRIS events did not re-
sult in discontinuation of DTG.

Subjects receiving DTG 50 mg BID achieved an average CO 2-
fold higher than that reported with the 50 mg QD regimen
(1.18 pg/mL), with similar between-subject variability [1]. The
lack of association between DTG exposure and antiviral re-
sponse shows that virologic response is primarily driven by
baseline resistance rather than DTG exposure, when consider-
ing the range of exposures observed in this study. No

association was found between DTG exposure and relevant
safety parameters.

We continue to follow the VIKING-3 participants through 48
weeks of therapy and until DTG becomes commercially avail-
able in the participating countries. Monitoring of the trial
after the week 24 primary analysis has shown persistence of
the efficacy across the IN mutation groups and no new safety
signals.

In summary, DTG 50 mg BID was efficacious in this highly
treatment-experienced population with advanced HIV disease.
Multivariate analyses demonstrated the independent activity of
DTG as the main driver of response.

Notes

Acknowledgments.  All listed authors meet the criteria for authorship
set forth by the International Committee for Medical Journal Editors. The
authors wish to acknowledge the VIKING-3 investigators: J. Aberg, B. Akil,
J. R. Arribas, J.-G. Baril, J. L. Blanco Arévalo, F. Blanco Quintana, G. Blick,
V. Boix Martinez, O. Bouchaud, T. Branco, U. F. Bredeek, M. Castro Iglesias,
N. Clumeck, B. Conway, E. DeJesus, J.-L. Delassus, P. De Truchis, G. Di
Perri, M. Di Pietro, J. Duggan, C. Duvivier, R. Elion, J. Eron Jr, D. Fish,
J. Gathe Jr, R. Haubrich, H. Henderson, C. Hicks, L. Hocqueloux,
S. Hodder, C.-B. Hsiao, C. Katlama, M. Kozal, P. Kumar, S. Lalla-Reddy,
A. Lazzarin, F. Leoncini, J. M. Llibre, K. Mansinho, P. Morlat,
K. Mounzer, M. Murphy, C. Newman, T. Nguyen, B. Nseir, P. Philibert,
G. Pialoux, I. Poizot-Martin, M. Ramgopal, G. Richmond, D. Salmon
Ceron, P. Sax, A. Scarsella, M. Sension, P. Shalit, L. Sighinolfi, L. Sloan,
C. Small, D. Stein, K. Tashima, P. Tebas, C. Torti, M. Tribble,
D. Troisvallets, C. Tsoukas, P. Viciana Fernandez, D. Ward, D. Wheeler,
T. Wilkin, G.-P. Yeni. The authors also wish to thank the study site staff
and the study participants and their families and caregivers for participation
in the trial. The authors wish to acknowledge the following individuals for
editorial assistance during the development of this article: J. Louise Martin-
Carpenter, Gina Uhlenbrauck.

Financial support. This work was supported by ViiV Healthcare LLC.
ViiV Healthcare contracted GlaxoSmithKline to conduct the study.

Potential conflicts of interest. ~A. C. has received grants and personal
fees from GlaxoSmithKline, MSD, and Abbott Laboratories and personal
fees from Gilead Sciences. F. M. has received grants from ViiV Healthcare,
Gilead Sciences, Bristol-Myers Squibb, and Janssen Pharmaceuticals, has
served on the advisory board for ViiV Healthcare, Gilead Sciences, Bris-
tol-Myers Squibb, and MSD and has received lecture fees from Gilead Sci-
ences, Bristol-Myers Squibb, and Boehringer Ingelheim. A. M. has received
grants for research support from GlaxoSmithKline, Gilead Sciences, and
Pfizer. R. G. has received grants from ViiV Healthcare and Gilead Sciences.
J.-M. M. has received grants from Merck, has served on the advisory board
for Merck and Gilead Sciences, has received lecture fees from Janssen Phar-
maceuticals, and has received invitations to attend conferences from
AbbVie. S. M. (Santiago Moreno) has received grants, personal fees, and
nonfinancial support from Abbott Laboratories, Bristol-Myers Squibb,
ViiV Healthcare, Gilead Sciences, Merck Sharp & Dohme, Boehringer Ingel-
heim, Janssen Pharmaceuticals, and Roche. M. A.-K,, J. H., S. M. (Sherene
Min), L. S, C. V., G. N,, and J. M. Y. are employees of GlaxoSmithKline. All
other authors report no potential conflicts.

All authors have submitted the ICMJE Form for Disclosure of Potential
Conflicts of Interest. Conflicts that the editors consider relevant to the con-
tent of the manuscript have been disclosed.

References

1. Raffi F, Rachlis A, Stellbrink H-J, et al; for the SPRING-2 Study Group.
Once-daily dolutegravir versus raltegravir in antiretroviral-naive adults

DTG in Patients With INI-Resistant HIV e JID 2014:210 (1 August) e 361

2e0z ¥snbny |z uo isenb Ag 0828Z8/¥SE/E/01.2/a101HE/PIl/W00 dno"dlwapede//:sdiy Woly papeojumod



10.

11.

12.

with HIV-1 infection: 48 week results from the randomised, double-
blind, non-inferiority SPRING-2 study. Lancet 2013; 381:735-43.

. Cahn P, Pozniak AL, Mingrone H, et al; for the extended SAILING

Study Team. Dolutegravir versus raltegravir in antiretroviral-experi-
enced, integrase-inhibitor-naive adults with HIV: week 48 results
from the randomised, double-blind, non-inferiority SAILING study.
Lancet 2013; 382:700-8.

. Walmsley S, Antela A, Clumeck N, et al; for the SINGLE Investigators.

Dolutegravir plus abacavir-lamivudine for the initial treatment of HIVP
1 infection. N Engl ] Med 2013; 369:1807-18.

. Tivicay US prescribing information, 2013. Available at: http:/www.

accessdata.fda.gov/drugsatfda_docs/label/2013/2047901bl.pdf. Accessed
6 January 2014.

. Kobayashi M, Yoshinaga T, Seki T, et al. In vitro antiretroviral proper-

ties of S/GSK1349572, a next-generation HIV integrase inhibitor. Anti-
microb Agents Chemother 2011; 55:813-21.

. Underwood MR, Johns BA, Sato A, Martin JN, Deeks SG, Fujiwara T.

The activity of the integrase inhibitor dolutegravir against HIV-1 vari-
ants isolated from raltegravir-treated adults. ] Aquir Immune Defic
Syndr 2012; 61:297-301.

. Eron J], Clotet B, Durant J, et al; for the VIKING Study Group. Safety

and efficacy of dolutegravir in treatment-experienced subjects with ral-
tegravir-resistant HIV type 1 infection: 24-week results of the VIKING
study. J Infect Dis 2013; 207:740-8.

. Division of AIDS, National Institute of Allergy and Infectious Diseases.

Division of AIDS table for grading the severity of adult and pediatric
adverse events. Available at: http://rsc.tech-res.com/Document/
safetyandpharmacovigilance/Table_for_Grading_Severity_of Adult_
Pediatric_Adverse_Events.pdf. Accessed 23 August 2013.

. Robertson J, Meier M, Wall ], Ying J, Fichtenbaum CJ. Immune recon-

stitution syndrome in HIV: validating a case definition and identifying
clinical predictors in persons initiating antiretroviral therapy. Clin In-
fect Dis 2006; 42:1639-46.

Stanford University. HIVdb (Integrated Genotypic Resistance Interpre-
tation Systems). Available at: http://hivdb.stanford.edu/. Accessed 18
September 2013.

Dooley KE, Sayre P, Borland J, et al. Safety, tolerability, and pharmaco-
kinetics of the HIV integrase inhibitor dolutegravir given twice daily
with rifampin or once daily with rifabutin: results of a phase 1 study
among healthy subjects. ] Acquir Immune Defic Syndr 2013; 62:21-7.
Center for Drug Evaluation and Research, Food and Drug Administra-
tion, US Department of Health and Human Services. Guidance for in-
dustry: human Immunodeficiency virus-1 infection: developing
antiretroviral drugs for treatment, revision 1, June 2013. Available

13.

14.

15.

16.

17.

18.

19.

20.

21.

at: http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegu
latoryInformation/Guidances/UCM355128.pdf. Accessed 23 August
2013.

Smith F, Hammerstrom T, Soon G, et al. A meta-analysis to assess the
FDA DAVP’s TLOVR algorithm in HIV submissions. Drug Inf ] 2011;
45:291-300.

Akaike H. Information measures and model selection. Proceedings of
the 44th Session. Bull Int Statist Inst 1983; 50:277-90.

Vavro CL, Huang J, Underwood MR, Ait-Khaled M, Sievers ], Yeo JM.:
Integrase genotypic and phenotypic predictors of antiviral response to
dolutegravir (DTG) in subjects with resistance to integrase inhibitors
(INTs) [abstract 29]. In: Program and abstracts of the International
Workshop on HIV & Hepatitis Virus Drug Resistance and Curative
Strategies (Toronto). 2013:A37.

Clotet B, Bellos N, Molina J-M, et al; for the POWER 1 and 2 study
groups. Efficacy and safety of darunavir-ritonavir at week 48 in treat-
ment-experienced patients with HIV-1 infection in POWER 1 and 2:
a pooled subgroup analysis of data from two randomised trials. Lancet
2007; 369:1169-78.

Hicks CB, Cahn P, Cooper DA, et al; for the RESIST investigator group.
Durable efficacy of tipranavir-ritonavir in combination with an opti-
mised background regimen of antiretroviral drugs for treatment-experi-
enced HIV-1-infected patients at 48 weeks in the Randomised
Evaluation of Strategic Intervention in multi-drug reSistant patients
with Tipranavir (RESIST) studies: an analysis of combined data from
two randomised open-label trials. Lancet 2006; 368:466-74.

Madruga JV, Cahn P, Grinsztejn B, et al; for the DUET-1 study group.
Efficacy and safety of TMCI125 (etravirine) in treatment-experienced
HIV-1-infected patients in DUET-1: 24-week results from a rando-
mised, double-blind, placebo-controlled trial. Lancet 2007; 370:29-38.
Lazzarin A, Campbell T, Clotet B, et al; for the DUET-2 study group.
Efficacy and safety of TMC125 (etravirine) in treatment-experienced
HIV-1-infected patients in DUET-2: 24-week results from a
randomised, double-blind, placebo-controlled trial. Lancet 2007;
370:39-48.

Cahn P, Haubrich J, Leider J, et al. Pooled 24-week results of DUET-1
and DUET-2: TMC125 (etravirine; ETR) versus placebo in treatment-
experienced HIV-1-infected patients. In: Program and abstracts of the
47th Interscience Conference on Antimicrobial Agents and Chemother-
apy (Chicago). Washington, DC: American Society for Microbiology,
2007.

Steigbigel RT, Cooper DA, Kumar PN, et al; for the BENCHMRK Study
Teams. Raltegravir with optimised background therapy for resistant
HIV-1 infection. N Engl ] Med 2008; 359:339-54.

362 o JID 2014:210 (1 August) e Castagna et al

2e0z ¥snbny |z uo isenb Ag 0828Z8/¥SE/E/01.2/a101HE/PIl/W00 dno"dlwapede//:sdiy Woly papeojumod


http://www.accessdata.fda.gov/drugsatfda_docs/label/2013/204790lbl.pdf
http://www.accessdata.fda.gov/drugsatfda_docs/label/2013/204790lbl.pdf
http://www.accessdata.fda.gov/drugsatfda_docs/label/2013/204790lbl.pdf
http://rsc.tech-res.com/Document/safetyandpharmacovigilance/Table_for_Grading_Severity_of_Adult_Pediatric_Adverse_Events.pdf
http://rsc.tech-res.com/Document/safetyandpharmacovigilance/Table_for_Grading_Severity_of_Adult_Pediatric_Adverse_Events.pdf
http://rsc.tech-res.com/Document/safetyandpharmacovigilance/Table_for_Grading_Severity_of_Adult_Pediatric_Adverse_Events.pdf
http://rsc.tech-res.com/Document/safetyandpharmacovigilance/Table_for_Grading_Severity_of_Adult_Pediatric_Adverse_Events.pdf
http://hivdb.stanford.edu/
http://hivdb.stanford.edu/
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM355128.pdf
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM355128.pdf
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM355128.pdf

