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Abstract: Dolutegravir is the most recent integrase strand transfer inhibitor approved for HIV-1
infection in both treatment-naive and experienced patients. As a tricyclic carbamoyl pyridone
analog, dolutegravir is rapidly absorbed and distributes through the cerebrospinal fluid. It is
hepatically metabolized by uridine diphosphate glucuronosyl transferase 1A1; no inhibition or
induction of cytochrome P450 enzymes is noted. As a substrate of CYP 3A4, dolutegravir is
affected by rifampin, efavirenz, tipranavir/ritonavir, fosamprenavir/ritonavir, and dose increase
is required. Dolutegravir inhibits the organic cation transporter 2, resulting in decreased crea-
tinine clearance with no apparent decrease in renal function. Other adverse effects are minimal
but include diarrhea, headache, and nausea. Clinical trials in treatment-naive and experienced
patients are ongoing and will be presented in this text.
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Introduction to treatment developments in HIV
Treatment developments in HIV infection have been largely dominated by the integrase
inhibitors (INSTIs) in recent years with the approval of elvitegravir (EVG) coformu-
lated with tenofovir, emtricitabine, and cobicistat in 2012 and dolutegravir (DTG) in
2013. Additionally, 2014 brought the approval of EVG as an individual agent and
DTG combined with abacavir and lamiviudine in a single-dose tablet. Both agents
appear to follow the lead of raltegravir (RAL) with relatively few adverse effects and
minimal drug interactions. This review will evaluate the literature on DTG and identify
its potential placement in the therapy of HIV.

Current and emerging therapies

for the management of HIV

Guidelines for the treatment of HIV continue to list two nucleoside reverse transcriptase
inhibitors (NRT]Is) as the backbone of an effective antiretroviral regimen. Depending
upon baseline viral load and the presence of the HLA-B*5701 allele, the backbone
combines tenofovir or abacavir with either emtricitabine or lamivudine. Either a
non-nucleoside reverse transcriptase inhibitor (NNRTI; ie, efavirenz, rilpivirine),
a protease inhibitor (ie, atazanavir or darunavir, each boosted by ritonavir), or an INSTI
(ie, RAL, DTG, or EVG boosted by cobicistat) may complete the regimen.' Selecting
an appropriate regimen relies largely on patient factors, including renal and hepatic
function, baseline resistance testing, and potential prescription, over-the-counter,
and illicit drug interactions. Additionally, involvement of the patient in determining
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incorporation of antiretroviral therapy in their daily routine,
willingness to endure potential adverse effects, and feasibil-
ity of adherence cannot be underscored. Researchers have
made significant advancements in the treatment of HIV over
the last 30 years and continue to explore new mechanisms,
delivery methods, and chemical structures in an attempt to
provide the safest and most efficacious therapy to a growing
and aging HIV-infected population.

One of the more widely anticipated additions to the anti-
retroviral armamentarium is a new formulation of an older
NRTI, tenofovir. Similar to tenofovir disoproxil fumurate
(TDF), tenofovir alafenamide (TAF) is a prodrug requir-
ing conversion to its active form. However, TAF primarily
undergoes this process intracellularly, decreasing plasma
concentrations up to 90%.2 With decreased plasma concentra-
tions, theoretically, TAF could lead to fewer adverse effects
on kidneys and bone mineral density. Phase III comparator
studies are underway with TAF in fixed dose combina-
tion with either emtricitabine or emtricitabine, EVG, and
cobicistat.>®* Another development in the INSTI class centers
on cabotegravir. As an analog of DTG, cabotegravir is cur-
rently in a number of Phase II studies evaluating its use as
an oral or intramuscular agent. Additionally, its role in dual
therapy when used intramuscularly, along with injectable
rilpivirine, is being evaluated in treatment naive adults.”® The
possibility of using cabotegravir as a form of pre-exposure
prophylaxis is also being explored.’

Pharmacology

Structurally, DTG is a tricyclic carbamoyl pyridone analog
and has activity against wild-type HIV subtype 1 (HIV-1),
with a protein-adjusted 90% inhibitory concentration (IC,)
of 0.064 ug/mL (Figure 1).1%!! DTG also exhibits activity
against clinical isolates of HIV subtype 2 (IC,  0of 0.18 nM)."!
DTG inhibits the strand transfer reaction of HIV integrase
that is necessary for annealing proviral deoxyribonucleic acid
(DNA) to host chromosomal DNA by binding to divalent
cations (eg, magnesium) in HIV integrase within the host
nucleus.'®!?

Figure | Chemical structure of Tivicay® (dolutegravir 50 mg tablets).

Pharmacokinetics

DTG is rapidly absorbed from the gastrointestinal tract
(median time to maximum concentration [T ]: 2.1 hours)
after oral administration of 50 mg under fasting conditions.
The presence of food increases the extent and slows the
rate of DTG absorption. A low-fat meal (300 kcal, 7% fat)
increases DTG bioavailability by 33%, while a moderate-fat
(600 kcal, 30% fat) and high-fat (870 kcal, 53% fat) meal
increase bioavailability by 41% and 66%, respectively;
T .. is extended to 3, 4, and 5 hours, respectively, and
suggests that DTG displays solubility-limited absorption.'
Administration of DTG with food is not required for
INSTI-naive patients but should be employed in patients
with INSTI class resistance.'"'* The apparent volume of
distribution (V/F) in HIV-infected subjects is 17-20 L
based on population pharmacokinetics.'' DTG is greater
than 99% bound to plasma proteins in a concentration-
independent fashion.!! Distribution into the cerebrospi-
nal fluid (CSF) and the male and female genital tract is
evident; CSF concentrations (median: 18 ng/mL, range:
4-232 ng/mL) are similar to unbound serum concentrations
(16.8 ng/mL); semen, rectal, and cervicovaginal tissue
concentrations are 7%, 17%, and 7%—10% of steady-state
serum concentrations.'>!’

DTG is hepatically metabolized by uridine diphosphate
glucuronosyl transferase 1A1 (UGT1A1) and is a minor sub-
strate in vitro for UGT1A3, UGT1A9, and cytochrome P450
3A4 (CYP3A4).""¥ Four metabolites have been detected but
represent less than 5% of circulating DTG and are not con-
sidered to contribute to efficacy or adverse event outcomes.
DTG has a terminal elimination half-life of 12 hours in HI'V-
infected subjects.”® DTG clearance is 32% lower in patients
who are poor metabolizers through UGT1A1.2! DTG phar-
macokinetics are nonlinear, but dose-proportional increases
in serum concentration are generally observed between 25
and 50 mg with the tablet formulation.!! DTG displays limited
interpatient variability (coefficients of variation below 30%
for area under the serum-concentration time curve [AUC],
maximum serum concentration [C ], and minimum serum
concentration [C . ]).*” No difference in pharmacokinetics
is evident according to age, race, or sex.'! Individuals with
moderate hepatic disease (Child-Pugh class B) have a 1.5-to
2-fold increase in unbound DTG serum concentration but do
not require a change in dose; the pharmacokinetics of DTG
have not been studied in patients with severe hepatic impair-
ment (Child-Pugh class C).'"* Renal excretion accounts
for 32% of the glucuronide metabolite elimination but less
than 1% of unchanged DTG. DTG is also a substrate for
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the transport proteins p-glycoprotein and the breast cancer
resistance protein.'

Drug interactions

DTG does not exhibit induction or inhibition of CYP450
enzymes or UGTI1A1 at physiologic concentrations.
DTG inhibits the organic cation transporter 2 (OCT2)
(IC,, =1.93 uM), and multidrug and toxin extrusion pro-
tein (MATE-1) (IC,, =6.34 uM), resulting in a 10%-14%
decrease in creatinine clearance.'*?* This may result in
elevated plasma concentrations for drugs that are substrates
for these transporters. Administration of DTG with dofetilide
is contraindicated because dofetilide renal tubular secretion
may be altered; metformin serum concentration may also be
increased by this mechanism and warrants closer monitoring
for metformin-related adverse events (eg, lactic acidosis; see
Table 1).!* Inhibition of the renal uptake transporters, organic
anion transporters 1 and 3 (OAT1, OAT3), is observed in vitro
(IC,, =2.12 and 1.97 uM, respectively), but the absence of
effect on the pharmacokinetics of the OAT substrates teno-
fovir and para-aminohippurate suggest that in vivo inhibition
is not clinically significant.'"!4**

Table | Clinically relevant drug interactions

DTG does not interact with the HIV protease inhibi-
tors atazanavir, atazanavir/ritonavir, darunavir/ritonavir,
nelfinavir, and lopinavir/ritonavir and can be coadminis-
tered without dosage adjustment.'#?>2¢ Tipranavir/ritonavir
decreases DTGAUC and C_ by 59% and 76%, respectively.
Therefore, the dose of DTG should be increased to 50 mg
twice daily when coadministered with tipranavir/ritonavir
in patients without INSTI resistance.'*” Fosamprenavir/
ritonavir similarly decreases DTG AUC and C ;. (35% and
49%, respectively) and requires DTG dosage adjustment to
50 mg twice daily based on US labeling when administered
in patients without INSTI resistance; however, no dosage
adjustment is recommended under European labeling.'!142
Administration of DTG with either tipranavir/ritonavir or
fosamprenavir/ritonavir should be avoided when INSTI
resistance is present.!' The NNRTI, efavirenz, reduces
the DTG AUC and C_. by 57% and 75%, respectively. In
the absence of protease inhibitor coadministration, the dose
of DTG should be increased to 50 mg twice daily when
given with efavirenz in patients with no preexisting INSTI
resistance.?’” Administration of DTG with nevirapine is pre-
dicted to result in lower DTG serum concentrations but has

Medication Effect with DTG

Action

Antiretrovirals
Efavirenz Decreased DTG concentration
Etravirine Decreased DTG concentration
Fosamprenavir Decreased DTG concentration
Nevirapine Decreased DTG concentration
Tipranavir Decreased DTG concentration
Antiseizure medications
Carbamazepine Decreased DTG concentration

Phenytoin Decreased DTG concentration

Oxcarbazepine
Phenobarbital
Polyvalent cations
Aluminum hydroxide
Calcium salts

Iron salts

Magnesium salts
Multivitamins and minerals

Sucralfate
Miscellaneous
Dofetilide
Metformin
Rifampin

St Johns Wort

Decreased DTG concentration
Decreased DTG concentration

Decreased DTG concentration
Decreased DTG concentration

Decreased DTG concentration

Decreased DTG concentration
Decreased DTG concentration

Decreased DTG concentration

Increased dofetilide concentration
Increased metformin concentration

Decreased DTG concentration
Decreased DTG concentration

Increase DTG to 50 mg BID

Avoid concomitant use unless atazanavir/ritonavir, darunavir/ritonavir,
or lopinavir/ritonavir included in regimen

Increase DTG to 50 mg BID

Avoid combination

Increase DTG to 50 mg BID

Avoid combination
Avoid combination
Avoid combination
Avoid combination

Administer DTG 2 hours before or 6 hours after aluminum hydroxide
Administer DTG 2 hours before or 6 hours after antacid or

take DTG and calcium together with food

Administer DTG 2 hours before or 6 hours after iron or

take DTG and iron together with food

Administer DTG 2 hours before or 6 hours after magnesium
Administer DTG 2 hours before or 6 hours after multivitamin or take
DTG and multivitamin together with food

Administer DTG 2 hours before or 6 hours after sucralfate

Avoid combination

Monitor

Increase DTG to 50 mg BID
Avoid combination

Abbreviations: DTG, dolutegravir; BID, twice daily.
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not been studied; US labeling recommends avoiding this com-
bination, whereas European labeling recommends increasing
the DTG dose to 50 mg twice daily.!"!* Coadministration of
DTG and etravirine should be avoided due to reduction in
DTG serum concentrations (71% decline in AUC) unless
given with either darunavir/ritonavir, atazanavir/ritonavir, or
lopinavir/ritonavir.”? No dosage adjustment is required with
rilpivirine coadministration.’ DTG can be administered with
NRTIs at standard dosage.!*?*

DTG serum concentrations may be altered when admin-
istered with some non-antiretroviral medications and dietary
supplements. Rifampin (600 mg/d) reduces DTG AUC by
54%, but administration of DTG 50 mg twice daily with
rifampin achieves DTG C__ values that are 20%-30% higher
than with standard once-daily dosing.'*3! DTG systemic
exposure is decreased by 30% by rifabutin (300 mg/d) but is
not predicted to require an increase in DTG dosage.’' DTG
administration with antiepileptic medications (eg, phenytoin,
phenobarbital, carbamazepine) has not been studied and
should be avoided.'"' St John’s wort (Hypericum perforatum)
is predicted to lower DTG serum concentrations and should
not be coadministered.'' Oral administration of magnesium/
aluminum-containing antacids, iron and calcium supplements,
and multivitamins can decrease DTG systemic exposure by
30%—75% and should be administered either 6 hours before
or 2 hours after DTG to minimize the potential for decreased
DTG absorption.”? Administration of DTG with sucralfate
has not been studied but should be administered in the same
manner to avoid an interaction.'* As an alternative, iron and
calcium supplements and multivitamins can be administered
simultaneously with DTG if taken with food.*

Resistance

DTG is considered a second-generation INSTI and exhibits
a higher barrier to the development of resistance than other
currently-available INSTIs (RAL, EVG).3** DTG has a
prolonged dissociation rate half-life (70 hours) that may con-
tribute to its lower predilection for resistance development.3®
DTG demonstrates activity against RAL- and EVG-resistant
strains of HIV-1 with common resistance-associated mutations
(RAMs) including Y143CHR, N155H, and Q148HKR in the
absence of secondary mutations.**3” Up to 4-fold decline in
susceptibility to DTG has been observed during serial passage
of wild-type HIV-1 strains in cell culture, leading to emergence
of E92Q, G118R, S153FY, G193E, or R263K. Viruses harbor-
ing Q148HR selected additional mutations (T97A, E138K,
G1408S, and M1541) during serial passages and exhibited a 13-
to 46-fold loss of DTG activity. The combination of Q148HR

with G140S led to acquisition of additional RAMs (L74M,
E92Q, N155H) during subsequent passages.'

No resistance to DTG has been reported in clinical
studies involving antiretroviral-naive patients (SPRING-1,
SPRING-2, SINGLE, FLAMINGO).?%*! Less than 1%
of antiretroviral-experienced, INSTI-naive patients have
developed treatment-emergent RAMs to DTG during clinical
studies to date; however, 45% of patients with baseline INSTI
resistance demonstrated treatment-emergent RAMs while
receiving DTG.'**# Findings from the VIKING-2 and -3
trials demonstrate that acquisition of multiple INSTI RAMs
is generally necessary to significantly impair the activity of
DTG. INSTI-experienced patients with Q148HR and two
or more additional INSTI mutations (L74IM, E138ADKT,
G140A/S,Y143HR, E157Q, G163EKQRS, G193ER) expe-
rienced the most substantial loss of DTG activity, with only
18% of patients achieving HIV-1 RNA below 50 copies/mL
after 24 weeks.!*** The most common combination of
substitutions occurred at Q148+ G140+ E138. Substitutions
at N155 or Y143 without Q148 or Q148HR with G140AS
alone conferred less loss of activity, with viral suppression
achieved in 56%-80% of patients.'** Resistance to DTG
has been demonstrated by the G118R and F121Y mutations
recently described in two patients failing RAL-based anti-
retroviral therapy, leading to greater than 100-fold decline in
susceptibility.** Results from national genotypic resistance
test surveillance data suggest that 12% of patients with RAL-
or EVG-resistant virus also have high-level DTG resistance,
representing 2% of all patients undergoing genotypic testing
between 2009-2012.4

Comparative efficacy of DTG

Treatment-naive studies

The utility of DTG in HIV-infected, treatment-naive indi-
viduals has been examined in three randomized, multicenter
Phase I1I trials to establish safety, efficacy, and tolerability.
An additional Phase III trial, exclusively in HIV-infected,
treatment-naive women, is currently underway. In each of
the initial three trials, patients were stratified by baseline
viral load =100,000 copies/mL or >100,000 copies/mL.
Notable findings included demonstrated efficacy, good
overall safety, minimal adverse effects, rapid virologic sup-
pression, minimal virologic breakthrough, and lack of INSTI
or other major mutations.

SPRING-2
SPRING-2 was the first Phase III trial in treatment-naive
patients that compared DTG 50 mg daily to RAL 400 mg
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twice daily in combination with an investigator selected
NRTI-backbone of either tenofovir/emtricitabine or abacavir/
lamivudine. The study design was a noninferiority, random-
ized, multicenter, placebo-controlled trial. An intent-to-treat
population was used for analyses. The primary endpoint was
the number of patients with viral load <50 copies/mL at
week 48. Secondary objectives included change in CD4 cell
counts, adverse effects, and resistance. Primary and second-
ary objectives were reassessed at week 96. Patient demo-
graphics included median age of 36 years, 85% men, 85%
white race, 28% baseline viral load >100,000 copies/mL,
13% CD#4 cell counts <200 cells/mm?, and less than 10%
with hepatitis B or hepatitis C co-infection.

In total, 822 patients were randomized and received
study drugs (411 DTG, 411 RAL). Sixty percent had
tenofovir/emtricitabine chosen as the NRTI backbone. At
week 48, 88% in the DTG group and 86% in the RAL group
reached viral suppression and met the 10% noninferiority
criteria. No significant difference in achieving the primary
endpoint was found to be associated with NRTI-backbone
or baseline viral load. Changes in CD4 cell counts were
similar between DTG and RAL at week 48; however, there
was a favorable trend toward DTG in patients with baseline
CD4 cell counts less than 350 and less than 200 cells/mm?
(86% vs 80% and 78% vs 68%, respectively) but it did not
reach statistical significance. Other similarities included
safety profiles, adverse events leading to discontinuation,
laboratory changes, and time to viral suppression. Of inter-
est, more patients in the RAL group had protocol-defined
virologic failure (PDVF) compared to the DTG group. Of
those that met PDVE, five patients in the RAL group had
genotypic mutations (1 INSTI, 4 NRTI) while none were
noted in the DTG group.*

There were a total of 681 patients that completed 96 weeks
of treatment. Findings were reflective of those at 48 weeks.
Viral suppression occurred in 81% in the DTG group com-
pared to 76% of those treated with RAL. Similar CD4 cell
count increases and rates of discontinuation were noted. An
additional three patients had PDVF between weeks 48 and
96 (2 DTG, 1 RAL); however, no resistance mutations were
detected in either group.¥’

SINGLE

The SINGLE study compared once daily DTG 50 mg with
fixed-dose abacavir/lamivudine to tenofovir/emtricitabine/
efavirenz as a fixed-dose combination tablet through 144 weeks.
Each patient received three tablets per day: study drugs plus
matching placebo(s). The study design was a noninferiority,

randomized, double-blind, multicenter trial. If noninferiority
was met in both per-protocol and intent-to-treat analyses,
superiority would be assessed. The primary endpoint was the
number of patients with viral load <50 copies/mL at week 48.
Secondary endpoints were time to viral suppression and
change in CD4 cell count. Additional assessments were per-
formed at week 96. An open-label phase through 144 weeks
was extended to patients that met week 96 objectives. Patient
demographics were similar to those in the SPRING-2 trial
with a median age of 35 years, 84% men, 68% white race,
31% baseline viral load >100,000 copies/mL, 14% CD4
cell counts <200 cells/mm?, and less than 10% hepatitis B
or hepatitis C co-infection.

A total of 844 patients were randomized with 833 patients
receiving study drug (414 DTG + ABC/3TC, 419 TDF/FTC/
EFV). Patients were stratified according to baseline viral load
and CD4 cell count (>200 cells/mm? or =200 cells/mm?).
Atweek 48, viral load <50 copies/mL was achieved in 88%
of patients in the DTG + ABC/3TC group compared to 81%
in the TDF/FTC/EFV group; the difference between the two
groups met noninferiority criteria. Superiority analysis dem-
onstrated a statistically significant difference between the
DTG-treated patients and EF V-treated patients (P=0.003).
Furthermore, no difference in virologic response was noted
in baseline viral load or other subgroups. For secondary
endpoints, a greater change in CD4 cell count was found to
be statistically significant for DTG (267 cells/mm? vs 208
cells/mm?, P<<0.001) and time to viral suppression was
shorter for DTG (28 days vs 84 days). PDVF was similar
between the treatment arms and occurred in 4% of the
patients. Consistent with other studies to date, no major
NRTI or INSTI mutations were detected in the DTG arm,
however, 1 NRTI and 4 NNRTI were noted in the TDF/FTC/
EFV arm.*

All 844 patients from the 48-week study period contin-
ued through 96 weeks. Findings remained similar to those
demonstrated at 48 weeks. The number of patients with viral
load <50 copies/mL was higher in DTG arm compared to
the TDF/FTC/EFV arm (80% vs 72%) and did reach statis-
tical significance (P=0.006). Additionally CD4 cell count
increases continued to be greater with DTG (325 cells/mm? vs
281 cells/mm?, P=0.004). Rates of virologic failure between
groups were similar. Virologic resistance was not observed
between weeks 48 and 96 in the DTG group.* However,
resistance was detected in seven patients in the TDF/FTC/
EFV arm (one NRTI, six NNRTI).

During the open-label phase from 96 weeks to 144 weeks,
DTG continued to demonstrate superiority and long-
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term viral load suppression compared to TDF/FTC/EFV
(71% vs 63%; P=0.010). Differences in rates of viral
suppression were noted between groups for baseline viral
load >100,000 copies/mL (69% DTG vs 61% EFV), women
(69% DTG vs 48% EFV), and nonwhite race (71% DTG vs
47% EFV); however, statistical significance was not reported.
Discontinuation of study drug occurred more frequently in
the TDF/FTC/EFV arm (14% EFV vs 4% DTG). PDVF was
similar between groups (9% DTG vs 8% EFV); however,
genotypic resistance was not detected in the DTG arm. Seven
patients in the EFV arm had detectable genotypic resistance
(one NRTI, six NNRTTI).#

FLAMINGO

FLAMINGO was a 96 week trial that compared DTG 50 mg
daily to darunavir/ritonavir (DRV/RTV) 800 mg/100 mg daily.
The NRTI backbone consisted of either ABC/3TC or TDF/
FTC and was left to the discretion of the investigator. The study
design was a noninferiority, open-label, randomized, multi-
center trial. A modified intent-to-treat population was used for
analyses. Additionally, if noninferiority was met, superiority
would be assessed for primary and secondary objectives. The
primary endpoint was the number of patients with viral load
<50 copies/mL at week 48. Secondary endpoints were more
extensive than previous trials and included change in CD4
cell counts, time to virologic suppression, adverse events,
rates of discontinuation, laboratory changes, virologic resis-
tance, disease progression, and health outcomes measures.
Patient demographics were again similar to the SPRING-2
and SINGLE trials with median age of 34 years, 85% men,
23% African American, 25% baseline viral load >100,000
copies/mL, 8% CD4 cell counts <200 cells/mm?, and <10%
hepatitis B or hepatitis C co-infection.

A total of 484 patients received study drug (243 DTG,
242 DRV/RTV). Thirty three percent of patients had
abacavir/lamivudine selected for the NRTI backbone. Patients
were stratified by baseline viral load (=100,000 copies/mL
or >100,000 copies/mL) and NRTI backbone. At week 48,
90% in the DTG group and 83% in the DRV/RTV group
achieved viral load <50 copies/mL; the difference met
noninferiority criteria as well as superiority (P=0.025).
Furthermore, time to viral suppression at week 8 was notably
shorter for DTG vs DRV/RTV (87% vs 31%). Secondary
endpoints that were similar between groups through week
48 included CD4 cell count increases, PDVF, and adverse
events. In patients with PDVFE, no primary NRTI, INSTI, or
PI mutations were detected.*! Ninety-six week results have
yet to be published.

ARIA

ARIA is a Phase III, 48-week, open-label trial exclusive to
HIV-infected, treatment-naive women. Recruitment is cur-
rently underway.*

Treatment-experienced studies

There are currently three published studies examining the use
of DTG in HIV-infected, treatment experienced patients. The
SAILING study currently has published 48-week results and
compares DTG to RAL in antiretroviral experienced patients
who are INSTI naive. The VIKING and VIKING 3 trials were
conducted in antiretroviral and INSTI experienced patients
who had evidence of INSTI resistance. Table 2 summarizes
primary outcome and safety.

SAILING

SAILING is an ongoing Phase III clinical trial conducted in
adult patients with HIV-1 who are antiretroviral experienced
but INSTI naive.* It is a randomized, double-blind, active-
controlled, double-placebo study conducted at 156 sites
across several countries. Ultimately 719 patients were treated,
357 in the DTG arm and 362 in the RAL arm.

Patients eligible for the study had to have prior antiret-
roviral treatment experience with documented resistance to
two or more classes of antiretroviral agents but one or two
fully active agents available for the background therapy. At
the time of screening, patients had to have two consecutive
plasma viral loads =400 copies/mL.

Study participants were randomly assigned (1:1) to
receive either DTG 50 mg once daily or RAL 400 mg twice
daily plus an investigator selected background therapy.
The background regimen had to consist of at least one fully
active antiretroviral agent and could include a second agent
with or without full activity. In order to assist in isolating
DTG’s contribution to viral suppression, the number of
patients whose regimen included DRV/RTV (without primary
protease inhibitor resistance) was capped at 170 patients.
Patients were stratified based on HIV-1 viral load =50,000
or >50,000 copies/mL, inclusion of DRV/RTV (with or
without primary protease inhibitor resistance), and number
of active agents in the background regimen (two vs fewer
than two fully active background agents). Study sites were to
remain masked and matching placebo given up to week 48.

The treatment arms were well balanced based on disease
characteristics and treatment history. Notable demographics
include median age 43 years, 49% white, 42% African Ameri-
can, baseline viral load 4.18 log,  copies/mL, CD4 200 cells/
mm?, and 5% Hepatitis B and 11% Hepatitis C co-infection.
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Table 2 Summary of dolutegravir (DTG) efficacy studies

Study Primary outcome?

Safety®

Treatment-naive
SPRING-23#
<50 copies/mL at 48 and 96 weeks

SINGLE*“® Superiority to tenofovir/emtricitabine/efavirenz to
reaching viral load <50 copies/mL at 48 and 96 weeks
FLAMINGO* Superiority to darunavir/ritonavir based regimens to

reaching viral load <50 copies/mL at 48 weeks

Treatment-experienced

SAILING* Superior to raltegravir to reaching viral load
<50 copies/mL at 48 weeks

VIKING* Achievement of viral load <400 copies/mL by day | |
on dolutegravir monotherapy in 78% on once daily
DTG and 96% on twice daily DTG

VIKING 3% Achievement of viral load <50 copies/mL at 24 weeks

in 69% when DTG added to failing regimen

IMPAACT P1093%3*

Noninferiority to raltegravir to reaching viral load

Cohort one (ages 6—< 12 years): achievement of viral load
<400 copies/mL in 81.8% and <50 copies/mL in 63.6%

Similar among raltegravir and DTG

Adverse effects more common in those on
tenofovir/emtricitabine/efavirenz (43% vs 66%)
Lipid measurements and study discontinuations
higher in darunavir/ritonavir group

Similar among raltegravir and DTG

No serious adverse effects or no study
discontinuations related to DTG

Five study discontinuations related to DTG; three
with hepatitis, one with cholelithiasis, and one
with rash, pruritis, and paresthesia. One report of
syncope and one hypersensitivity-type reaction.
No serious adverse effects or study
discontinuations related to DTG

Cohort two (ages 12—<'18 years): achievement of viral load
<400 copies/mL in 73.9% and <50 copies/mL in 60.9%

Notes: *Unless otherwise stated, DTG administered with optimized background regimen; beach trial demonstrated increased serum creatinine in patients taking dolutegravir.

Secondary to the broad geographical participation, the
population was diverse and included a high percentage of
female patients (32%) and a high number of patients listed as
nonwhite/Caucasian/European heritage (51%). Patients in the
study also generally had more advanced disease with almost
half of the population having a previous AIDS diagnosis and
resistance to 3 or more classes of antiretrovirals.

The primary endpoint of the study was the proportion of
patients with plasma HIV-1 RNA <50 copies/mL at week
48. There were several additional secondary endpoints look-
ing at efficacy and safety of DTG. At week 48, 251 (71%) of
354 patients in the DTG group and 230 (64%) of 361 patients
in the RAL group achieved a plasma viral load <50 copies/
mL. The adjusted treatment difference was determined to
be 7.4% (95% CI: 0.7-14.2). The prespecified treatment
difference for noninferiority was set at —12%. Based on the
large difference, a predetermined superiority test was applied,
and DTG was found to be superior to RAL (P=0.03). PDVF
occurred more frequently in the RAL group (12% vs 6%) by
week 48. Of these virologic failures, 19 (42%) of the RAL
patients and only two (10%) of the DTG patients were found
to be nonresponders as opposed to failures due to virologic
rebound. CD4 cell count increased in both groups with mean
changes of 162 cells/mm? in the DTG arm and 153 cells/mm?
in the RAL arm. In the subgroup analysis, DTG also per-
formed better than RAL in the more advanced patients,
including those with plasma viral loads >50,000 copies/mL

and those not on DRV/RTV or those on DRV/RTV but with
primary protease inhibitor mutations.

Fewer patients in the DTG group were found to have
treatment-emergent genotypic or phenotypic evidence of
INSTI resistance at week 48 (4 of 354 DTG patients vs 17 of
361 RAL patients, P=0.003). Of these patients, one in each
group had RAL primary resistance at baseline. The remain-
ing three DTG failures had a less than twofold change in
susceptibility to DTG and as such, the study concluded that
no treatment-emergent phenotypic resistance to DTG or RAL
was reported from any DTG treated patient. Sixteen RAL
treated patients with virologic failure had high fold-change
to RAL but limited cross-resistance to DTG. Twelve RAL vs
four DTG patients had treatment-emergent resistance to their
background regimen at week 48.

VIKING

VIKING was a 24-week, Phase IIb pilot study designed to
examine safety and efficacy of DTG in treatment-experienced
subjects with genotypic evidence of RAL resistance.* It was
amulticenter study including 25 study sites. Initially patients
were treated with DTG 50 mg daily; however, the protocol
was amended to include a second cohort (DTG 50 mg twice
daily) due to low viral load response among some patients
in cohort one. Patients in cohort two were also required to
have one fully active antiretroviral agent in the optimized
background regimen; this was not required in cohort one.
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The study consisted of a 10-day functional monotherapy
where DTG was used in place of RAL in the patients’
failing regimen. On day 11, the background regimen was
optimized using resistance information. Fifty-one patients
were enrolled with 27 patients in cohort one and 24 patients
in cohort two.

The primary endpoint at day eleven was a reduction in
plasma viral load of =0.7 log, , copies/mL below baseline or a
viral load <400 copies/mL. Seventy-eight percent (21/27) of
patients in cohort one and 96% (23/24) in cohort two achieved
the primary outcome. At week 24, 11/27 (41%) patients in
cohort one and 18/24 (75%) patients in cohort two achieved
a viral load <50 copies/mL. The median cell/mm? increase
in CD4 cells was 54 in cohort one and 60 in cohort two.

VIKING 3

VIKING 3 is an ongoing Phase III study that was designed to
build on the results of VIKING.*-!32 Researchers intended
to determine outcomes in DTG treated patients with docu-
mented resistance to either RAL and/or EVG. This study is a
single-arm, open-label, study conducted at 65 sites in the US,
Canada, and Europe. It was designed with a 7-day functional
monotherapy period in which DTG 50 mg twice daily was
substituted for RAL or EVG, but the patient’s background
regimen remained the same. After those 7 days, the back-
ground regimen was optimized according to resistance data.
The study was designed to report primary outcome data at
week 24, though patients were allowed to continue the study
and some of the secondary outcomes were set for 48 weeks.
Currently only the 24-week data is published though 48-week
data has been presented in abstract form.

The study included adult patients with screening or
documented history of resistance to RAL and/or EVG and
to =2 other antiretroviral classes. Patients had to have plasma
viral load =500 copies/mL and had to have at least one
active antiretroviral available for the background regimen.
Patients treated with efavirenz or nevirapine within 14 days
of DTG start were excluded. Patients on etravirine were only
included if it was coadministered with LPV/RTV or DRV/
RTV. Patients treated with TPV/RTV or FMP/RTV were only
allowed to start on day 8 and only if subjects did not have
Q148+=2 associated mutations.

A total of 183 patients were enrolled and received
at least one dose of DTG. Median age was 48 years,
77% male, and 71% white race. Average baseline viral load
was 4.38 log,, copies/mL, and CD4 140 cells/mm’. Similar
to other studies, Hepatitis B co-infection rate was 5% but
Hepatitis C was 14%. Seventy-three percent had baseline

genotypic and/or phenotypic INSTI resistance; the remain-
ing 27% had historic evidence only. The median fold-change
to RAL was 47.5 while the median DTG fold-change was
1.29. Seventy-three percent of patients had =3 NRTI major
mutations, 70% had =2 major PI mutations, and 59% had =2
NNRTI major mutations.

The primary endpoints for the study were the mean
change from baseline in plasma viral load at day 8 and the
proportion of subjects with <50 copies/mL at week 24. At
day 8, the mean change in plasma viral load from baseline
was 1.43 log , copies/mL. At week 24, 69% (126/183)
of subjects achieved a plasma viral load <50 copies/mL.
Subgroup analysis showed the least response among patients
with a DTG fold-change >10 and those harboring Q148+=2
mutations. The group with no Q148 mutation present had the
highest response rates. Increasing activity of the background
regimen did not significantly improve day 8 or week 24
response. In analysis, baseline INSTI resistance and baseline
viral load were highly significant predictors for week 24
response. For each two-fold increase in DTG fold-change,
a 63% lower chance of achieving viral load <50 copies/mL
was found. For every 10-fold increase in baseline viral load,
the odds of achieving viral load <50 copies/mL were 80%
lower. The median change in CD4 cell count at week 24
was 61 cells/mm?®. Secondary outcomes included efficacy at
week 48 and have only been presented in abstract form thus
far. At week 48, 116/183 (63%) patients maintained a viral
load <50 copies/mL. Again the subgroup with no Q148
mutation present had the highest response rate with 71%
achieving <50 copies/mL at week 48.

IMPAACT P1093

The IMPAACT P1093 study examines the use of DTG in a
pediatric patient population.®>* Currently DTG is approved
for use in children =12 years old and weighing at least
40 kg.'* These patients can be treatment-experienced, but
must be INSTI naive. The P1093 study patient population
is broken down into five cohorts based on age. To date, data
has been presented in abstract form for cohort one consisting
of patients =12 years old but <18 years old and cohort two
consisting of patients =6 years old and <12 years old.’>*
Patients had to have a viral load >1,000 copies/mL and have
at least one active agent available for their background regi-
men. Demographics in cohort one include median age of 10
years, 63.6% male, 36% African American, baseline viral
load of 5 log, , copies/mL, and CD4 645 cells/mm®. Cohort
two displayed demographics contrasting from most other tri-
als with 78.3% female and 52% African American patients.
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In addition, median age was 15 years, baseline viral load
4.3 log,, copies/mL, and CD4 466 cells/mm’; no patients in
either cohort were infected with Hepatitis B or C.

In cohort one, 23 patients were enrolled and 22 had
follow-up through 48 weeks.** DTG dose was weight based
with patients =40 kg receiving 50 mg a day and patients
between 30 and 40 kg receiving 35 mg a day. Nineteen patients
in the cohort received the 50 mg dose while only four patients
received the 35 mg dose. A viral load <400 copies/mL was
achieved in 73.9% (17/23) of patients at week 48; a viral
load <50 copies/mL was achieved by 60.9% (14/23) of
patients. The median gain in CD4 cells was 84 cells/mm?.

In cohort two, eleven children were enrolled and com-
pleted 24 weeks of therapy.” Again DTG dose was based
on weight. Five patients were on 50 mg daily (=40 kg),
two patients received 35 mg daily (30-<<40 kg), and four
patients received 25 mg daily (20—<<30 kg). Virologic suc-
cess defined as viral load <400 copies/mL or viral load
decrease >1 log,, was achieved in 81.8% (9/11) patients. A
viral load of <50 copies/mL was achieved in 63.6% (7/11)
of patients. Median increase in CD4 count at week 24 was
209 cells/mm°.

Overall safety

Patients receiving DTG experienced relatively few adverse
effects during trials. Consistent through each of the naive
trials in patients taking DTG was a rise in serum creatinine,
reflective of the inhibition of renal tubular creatinine secretion
by OCT2. Other commonly reported effects included diar-
rhea, headache, nausea, and upper respiratory tract infections.
Discontinuation rates were similar between DTG and
comparator antiretrovirals. No deaths related to study drug
occurred in any trial.

Patient focused perspectives
Adherence to an antiretroviral regimen is imperative to
achieve virologic control. A number of factors contribute to
adherence, including number of pills per day, frequency of
doses, and adverse effect profile.>>® Virologic control can
contribute to improved quality of life in patients infected with
HIV; this in turn can improve antiretroviral adherence.'
With available once daily dosing, a new fixed dose combi-
nation with abacavir and lamivudine, and a relatively low
adverse effect profile, DTG meets these characteristics.
While the majority of information concerning patients’
satisfaction with DTG is anecdotal evidence, the FLAMINGO
study did include patient satisfaction outcomes as part of
the secondary endpoint. The HIV treatment satisfaction

questionnaire (HIVTSQ), HIV Symptoms Index (HSI), and
the European Quality of Life-5 Dimensions (ED-5D) were
administered at weeks 4, 24, 48, and 96. No differences were
observed in the HSI and EQ-5D surveys. There was a statisti-
cally significant difference at weeks 24 and 48 for the HIVTSQ
questionnaire, in favor of DTG (P=0.003; 0.48).%°

Conclusion

To date, clinical trials evaluating the safety and efficacy of
DTG justify its role as first line therapy for treatment-naive
patients infected with HIV. In treatment-experienced patients,
the quantity and type of resistance mutations must be consid-
ered prior to initiating therapy. Among the INSTIs, DTG has
the benefit of once daily administration as in EVG, but with
relatively few drug interactions, similar to RAL. Additionally,
it offers the only single tablet regimen for patient with or at
risk for renal dysfunction. Providers should consider the ben-
efit of sequencing first- and second-generation INSTTs, but
this should not preclude the use of DTG in a patient. Lack of
significant drug interactions, minimal adverse effects, and the
availability of a single tablet regimen make DTG a valuable
and viable option for both patients and providers.
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