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Glossary
ABC abacavir
AC advisory committee
AE adverse event
AIDS acquired immunodeficiency syndrome
ALT alanine aminotransferase
APR Antiretroviral Pregnancy Registry
ART antiretroviral therapy
ARV antiretroviral
AST aspartate aminotransferase
AUC0- area under the plasma concentration versus time curve from time zero to

infinity
AUC0-t area under the plasma concentration versus time curve from time zero to the 

last time point that concentrations were quantifiable.
AZT zidovudine 
BID twice daily
CFR Code of Federal Regulations
CI confidence interval
CKD-EPI Chronic Kidney Disease Epidemiology Collaboration
Cmax maximum observed plasma concentration
CMC chemistry, manufacturing, and controls
CMH Cochran-Mantel-Haenszel
CNS central nervous system
CSF cerebrospinal fluid
CSR clinical study report
DAIDS Division of Acquired Immunodeficiency Syndrome
DDI drug-drug interaction
DTG dolutegravir
EMA European Medicines Agency
FDA Food and Drug Administration
FDC fixed-dose combination
FTC emtricitabine
GCP good clinical practice
HAV hepatitis A virus
HBV hepatitis B virus
HCV hepatitis C virus
HIV human immunodeficiency virus
HLA human leukocyte antigen
ICH International Conference on Harmonisation
IND investigational new drug
INSTI integrase strand transfer inhibitor
ISS integrated summary of safety
ITT intent to treat
MedDRA Medical Dictionary for Regulatory Activities
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NDA new drug application
NRTI nucleoside/nucleotide reverse transcriptase inhibitors
OPQ Office of Pharmaceutical Quality
OSE Office of Surveillance and Epidemiology
OSI Office of Scientific Investigation
PEP postexposure prophylaxis
PK pharmacokinetics
PMC postmarketing commitment
PMR postmarketing requirement
PP per protocol
PREA Pediatric Research Equity Act
PrEP pre-exposure prophylaxis
QD once daily
RNA ribonucleic acid
SAE serious adverse event
SOC system organ class
SUR safety update report
TAF tenofovir alafenamide
3TC lamivudine
TDF tenofovir disoproxil fumarate
TEAE treatment-emergent adverse event
ULN upper limit of normal
USPI United States product insert

Note for the purpose of this review:
DTG+3TC dolutegravir and lamividune (drugs supplied individually)
DTG/3TC fixed drug combination of dolutegravir and lamivudine
DTG+TDF/FTC dolutegravir plus the fixed drug combination of tenofovir disoproxil 

fumarate and emtricitabine
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I. Executive Summary

1. Summary of Regulatory Action
The new drug application (NDA) for dolutegravir (DTG)/lamivudine (3TC) fixed-dose 
combination (FDC) tablet for oral use is submitted by ViiV Healthcare Company. Both DTG and 
3TC are approved products. DTG is an integrase strand transfer inhibitor (INSTI), and 
lamivudine is a nucleoside analogue reverse transcriptase inhibitor (NRTI).
The NDA was reviewed by the multi-disciplinary review team: each discipline recommended 
approval for the NDA. I, the signatory authority for this application, concur with the 
recommendations from the review team. DTG/3TC will be approved as a complete regimen for 
the treatment of human immunodeficiency virus type 1 (HIV-1) infection in adults with no 
antiretroviral treatment history and with no known substitutions associated with resistance to 
either DTG or 3TC.
The Applicant submitted two identical, phase 3 adequate and well-controlled trials that provide 
substantial evidence of efficacy for the indication approved. The two-drug DTG+3TC regimen 
was noninferior to a three-drug DTG+TDF/FTC regimen (dolutegravir, plus the FDC of 
tenofovir disoproxil fumarate and emtricitabine). Virologic response rates with DTG+3TC were 
similar regardless of baseline HIV-1 RNA levels (>100,000 copies/mL versus 100,000
copies/mL); however, lower response rates were seen in subjects with baseline CD4+ cell counts 

200 cells/mm3 compared to subjects with baseline CD4+ cell counts >200 cells/mm3. Through 
48 weeks no subjects developed any substitutions associated with INSTI or NRTI resistance in 
the two phase 3 trials. DTG and 3TC are safe for the intended use. The adverse event profile was 
similar for both treatment arms.
Important risks remain with respect to the use of 3TC in patients coinfected with HIV-1 and 
hepatitis B virus (HBV). Because DTG/3TC is meant to be a complete regimen for HIV-1, but 
provides only monotherapy for HBV infection with the risk of emergent 3TC-resistance, an 
alternative regimen should be considered for patients coinfected with HIV-1 and HBV or 
additional anti-HBV treatment should be added. 
The Applicant agreed to two postmarketing requirements (PMRs), which include (1) submission 
of the Week 96 report with datasets, including the resistance datasets, for the ongoing phase 3 
trials GEMINI-1 and GEMINI-2 to assess durability of response and evaluate potential risk of 
resistance-associated substitutions and (2) the Pediatric Research Equity Act (PREA) PMR to 
conduct an open-label, single-arm study to evaluate the week 96 efficacy and safety of DTG/3TC 
in antiretroviral therapy (ART)-naïve HIV-1-infected adolescents from 12 years to less than 18 
years of age who weigh at least 40 kg
The overall Benefit-Risk is favorable as described in the Benefit-Risk Assessment below. 
Although this first two-drug complete regimen has some uncertainties, such as use in patients 
with known or suspected resistance to either DTG or 3TC, the overall safety and efficacy results 
are favorable over 48 weeks. The use of a two-drug complete regimen in treatment-naïve patients 
is promising and signals further improvement in the HIV armamentarium. For detailed 
information supporting the basis for this approval, please refer to the details in this integrated 
assessment document and the Product Quality Review.
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2. Benefit-Risk Assessment
Table 1. Benefit-Risk Framework
Dimension Evidence and Uncertainties Conclusions and Reasons

Analysis of 
Condition

Human immunodeficiency virus type 1 (HIV-1) is a transmissible virus
that attacks CD4+ cells and thereby weakens the immune system. 
Without effective treatment, HIV-1 infection leads to progressive 
destruction of the immune system, acquired immunodeficiency 
syndrome (AIDS)-defining illnesses, and premature death in almost 
all cases.
In the U.S., 1.1 million people were living with HIV at the end of 2015,
and 38,739 people were newly diagnosed with HIV in 2017 (Centers 
for Disease Control and Prevention 2019).
The goals of HIV treatment are to durably suppress HIV viral load, 
preserve and restore the immune system, reduce HIV-associated 
morbidity, and ultimately improve long-term survival. 
People with HIV who take antiretroviral therapy (ART) as prescribed 
and maintain an undetectable viral load have effectively no risk of 
transmitting HIV to their HIV-negative sexual partners.

HIV-1 continues to be a significant public health 
concern, both globally and domestically. Without 
effective treatment, HIV-1 leads to progressive 
destruction of the immune system and therefore is a 
serious, life-threatening condition. With effective 
management, however, HIV-1 is a controllable chronic 
condition. Effective viral load suppression can also 
provide the additional public health benefit of 
decreased HIV-1 transmission.

Current 
Treatment 
Options

The current antiretroviral (ARV) treatment armamentarium is robust. 
Excluding fixed-dose combination (FDC) products and different 
formulations, 29 individual ARV drugs and two drugs (cobicistat and 
ritonavir, which inhibit metabolic enzymes and enhance the exposure 
of ARVs), are approved and available for the treatment of HIV-1. (A 
complete list is provided in Appendix III.12.1).
Current U.S. Department of Health and Human Services HIV 
Treatment Guidelines recommend a three-drug option, typically an 
integrase strand transfer inhibitor (INSTI) plus two nucleos(t)ide 
reverse transcriptase inhibitors (NRTIs), as recommended initial 
regimens for most people with HIV based on durable virologic 
efficacy, favorable tolerability and toxicity profiles, and ease of use.
Certain three-drug regimens are complex and include drug-drug 
interactions, food restrictions, or overlapping toxicity profiles. 

Optimal management of HIV-1 is complex and must 
consider patients’ individual needs. The HIV treatment 
armamentarium benefits from another antiretroviral 
treatment option that is efficacious, well-tolerated, with
few clinically relevant drug-drug interactions (DDIs) or
food restrictions, and has a convenient dosing 
regimen.
A two drug regimen, as proposed in the NDA may 
reduce the complexity of ARV treatment by eliminating 
any restrictions or adverse reactions of the third drug 
in the regimen. 
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Dimension Evidence and Uncertainties Conclusions and Reasons

Benefit The efficacy of DTG+3TC (dolutegravir and lamivudine) in the 
treatment-naïve population was established in two randomized phase
3 trials: 
– GEMINI-1 and GEMINI-2 were trials of identical design that 

compared DTG+3TC (as a two-drug regimen combining
dolutegravir and lamivudine as individual tablets) versus 
DTG+TDF/FTC (as a three-drug regimen combining dolutegravir 
plus the fixed-drug combination of tenofovir disoproxil fumarate 
and emtricitabine).

– Together, the trials enrolled 1441 subjects: 719 in the DTG+3TC 
arms and 722 in the comparator arms. 

Both GEMINI trials included the primary endpoints of achieving the 
threshold for virologic response with HIV-1 RNA <50 copies/mL. This 
endpoint is a well-established indicator of viral load suppression, 
which results in clinical benefit.
In the pooled analysis of GEMINI-1 and GEMINI-2, 91% of subjects in 
the DTG+3TC treatment arm had HIV-1 RNA <50 copies/mL at Week 
48 versus 93% of subjects in the comparator arms. These results met 
the threshold for noninferiority to the three-drug comparator 
treatment.
Lower response rates were observed in subjects with low baseline 
CD4+ cell counts ( 200 cells/mm3) in the DTG+3TC arm versus the 
three-drug comparator. These findings were seen irrespective of 
baseline HIV-1 RNA, and the majority of subjects who were 
considered failures were not due to lack or loss of virologic response.
None of subjects in the DTG+3TC arm with low baseline CD4+ counts 
and HIV-1 RNA 50 copies/mL at the Week 48 analysis had
detectable emergence of resistance, and most were able to continue 
in the trial for further evaluation.

(continued below)

The submitted clinical trial data demonstrated a
meaningful benefit of DTG+3TC in treating HIV-1 in 
treatment-naïve patients, and that the efficacy of the 
DTG+3TC two-drug regimen is noninferior to the 
DTG+TDF/FTC three-drug regimen.
The review team did not idenity any significant issues 
with trial design or conduct; however, important 
limitations and uncertainties remain:

The effectiveness of DTG as part of an optimized 
background regimen is established in patients with 
INSTI resistance and other ARV treatment 
experience; however, the effectiveness of 
DTG+3TC in treatment-naïve patients with known 
or suspected substitutions associated with 
resistance to either DTG or 3TC, as well as any 
patients with prior ART experience, has not been 
established, as these patients were not enrolled in 
the GEMINI trials. Additional trials are ongoing 
and anticipated to establish efficacy in the 
treatment-experienced patient population. Until 
additional data become available in treatment-
naïve patients, the “test-and-treat” approach may 
not be ideal for this dual regimen; complete 
genotyping should be completed before initiation
of DTG+3TC.

(continued below)
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Dimension Evidence and Uncertainties Conclusions and Reasons

Benefit 
(continued)

Despite the lack of detectable emergent resistance in the GEMINI 
trials, emergence of resistance was documented in one previously 
conducted pilot study in one subject who was likely non-adherent with 
the DTG+3TC regimen.
One remaining concern with the DTG+3TC two-drug regimen is the 
difference in compartment penetration (e.g., central nervous system) 
between DTG and 3TC that may expose the virus to monotherapy,
thereby increasing the risk for emergence of resistance.

The long-term durability of the effectiveness of 
DTG+3TC beyond 48 weeks compared to a three-
drug regimen, particularly in subjects with baseline 
CD4+ 200 cells/mm3, needs further assessment
to determine whether the observation of lower 
response rates in this subgroup is due to 
confirmed lack or loss of virologic suppression.

Risk and 
Risk 
Management

The safety database from the GEMINI trials exceeded the 300 to 500 
subjects recommended for safety evaluations in FDA HIV Treatment 
Guidance (Food and Drug Administration 2015). The database is also 
supplemented by extensive experience with both DTG and 3TC 
marketed either as individual drugs or as part of other FDCs. The 
safety of both DTG and 3TC is well-established, and no new or 
unexpected safety findings associated with either DTG or 3TC were 
observed from the two submitted clinical trials.
The most common adverse drug reactions (headache, nausea, 
diarrhea, insomnia, and fatigue) were expected because of prior 
experience with both DTG and 3TC, and there were no concerns 
about tolerability.
At the Week 48 analysis, no emergent genotypic or phenotypic 
resistance was observed
Important risks previously associated with 3TC in HBV-coinfected 
patients include:
– Emergence of 3TC-resistant HBV variants with 3TC monotherapy 

for HBV. This risk is particularly important to highlight with the use 
of DTG/3TC, because although DTG/3TC is meant to be used as 
a complete regimen, it is not a complete regimen for the 
treatment of HBV in coinfected patients.

– Exacerbation of HBV after discontinuation of 3TC.
(continued below)

Overall, the safety data are adequate to assess the 
safety of DTG/3TC for the proposed indication, 
dosage regimen, duration, and patient populations. 
The safety profile is well-characterized and none of 
the identified safety issues would preclude approval of 
DTG/3TC.
Although the GEMINI trials were not designed to show 
a benefit on the basis of any specific safety outcomes,
the descriptive analysis of safety showed that the 
DTG+3TC two-drug regimen lacked the additional 
safety concerns associated with a third drug,
particularly abacavir (ABC) or tenofovir disoproxil 
fumarate (TDF) or tenofovir alafenamide (TAF), 
thereby avoiding their respective associated toxicities 
and drug interactions. The overall safety profile of 
DTG+3TC was otherwise similar to DTG+TDF/FTC.
The potential emergence of resistance and durability 
is a concern with any dual INSTI and NRTI 
treatments. The lack of evidence of emergent 
resistance in the GEMINI trials was reassuring that
this concern may not be exacerbated with the two-
drug regimen. However, data from the 96- and 144-
week analyses will be necessary to confirm durability.

(continued below)
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Dimension Evidence and Uncertainties Conclusions and Reasons

Risk and 
Risk 
Management
(continued)

Currently labeled warnings for DTG are adequate to describe the 
following risks with DTG/3TC, including:
– Hypersensitivity reactions.
– Hepatotoxicity has been reported with DTG, particularly in 

association with HBV or HCV (hepatitis B or C virus) co-infection.
– DTG should be avoided at the time of conception through the first 

trimester due to the risk of neural tube defects.
Neuropsychiatric events, including suicide-related events, have been 
described as a potential class-associated safety concern with INSTIs. 
This concern is consistent with the postmarketing experience of DTG 
as well as the experience in both arms of the GEMINI trials.
Weight gain was recently added to the DTG label on the basis of 
postmarketing experience as a possible safety concern associated 
with the INSTI class, but the GEMINI trials did not assess weight 
changes at the Week 48 analysis. Additional long-term follow-up is 
anticipated at 96 and 144 weeks, including changes in weight and 
body mass index.
In the relative bioavailability study (Study 204994), DTG and 3TC 
exposures from the bilayer FDC tablet were similar to the individual 
DTG and 3TC tablets, which were used in the GEMINI trials. The
results showed a slight (32%) increase in Cmax, that was clinically 
acceptable given that no dose-related increase in the overall 
incidence of AEs and laboratory abnormalities were observed with 
3TC in previously conducted studies at higher doses. Based on 
extensive experience with 3TC, the 32% increase in 3TC Cmax with 
the bilayer FDC is unlikely to impact long term safety or tolerability.
Additional theoretical uncertainties with DTG/3TC as a new dual 
regimen exist. For example, genital HIV-1 shedding has been 
detected with DTG/3TC, but the genital HIV-1 shedding appears 
comparable to levels in suppressed individuals treated with a three-
drug regimen (Gianella et al. 2018). Nevertheless, there is no 
evidence that such shedding leads to new infections in the context of 
suppressed viremia. Several studies confirmed that when an HIV-
positive partner maintains a suppressed viral load (<400 copies/mL) 
on a three-drug regimen, HIV transmission is not expected (Rodger et 
al. 2016; Bavinton et al. 2018; Rodger 2018).

Because DTG/3TC is meant to be a complete regimen 
for HIV-1, but provides only monotherapy for HBV 
infection with the risk of emergent 3TC-resistance, 
additional anti-HBV treatment is recommended or 
consider an alternative regimen.
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Conclusions Regarding Benefit-Risk
Infection with HIV-1 continues to be a significant public health concern domestically. Although the HIV treatment armamentarium is 
robust, additional effective ARV treatment options that provide greater flexibility in meeting patients’ individual needs and facilitate
their tolerance for and adherence to lifelong HIV-1 treatment are needed. The submitted evidence clearly demonstrates that DTG/3TC 
is effective as a two-drug complete regimen to treat HIV-1 infection in patients with no ARV treatment history. We can also conclude 
that DTG/3TC has noninferior efficacy to a three-drug regimen (DTG+TDF/FTC), with the caveat that uncertainty remains about the 
durability of these benefits beyond 48 weeks of treatment, particularly in patients with low CD4+ counts at the start of therapy. Also
uncertainty remains about how the benefits of DTG/3TC generalize to patients who have acquired resistance to either lamivudine or 
dolutegravir, or in patients with any prior ARV treatment experience.
The Applicant’s evaluation of safety for DTG/3TC was adequate, and the demonstrated safety profile of DTG/3TC treatment in the 
treatment-naïve HIV-1 population is acceptable for the indicated dose and population of HIV-1 patients with no prior ARV treatment 
history. Although no safety advantage for DTG+3TC over the three-drug regimen was established for any specific outcome, the
overall safety profile of DTG+3TC was similar to DTG+TDF/FTC. Other safety considerations, specifically those which have been 
identified based on prior experience with both DTG and 3TC, can be adequately addressed in labeling and by routine 
pharmacovigilance. No new or unexpected safety signals associated with either DTG or 3TC were identified.
The uncertainties about extrapolating efficacy to patients with known or suspected resistance to either DTG or 3TC, however, justify 
limiting the indication to only the population of adult patients who have no prior ARV treatment history. Because DTG/3TC is meant 
to be a complete regimen for HIV-1, but provides only monotherapy for HBV infection, an alternative regimen should be considered 
for patients coinfected with HIV-1 and HBV. If the decision is to use DTG/3TC in patients coinfected with HIV-1 and HBV additional 
treatment should be considered for appropriate treatment of chronic HBV.
With all factors considered, the benefits of a one pill, once-a-day potent regimen of DTG/3TC clearly outweigh the risks for adult 
patients with HIV-1 infection and no prior history of ARV treatment. The advantage of the DTG/3TC two-drug regimen is that it lacks 
the additional safety concerns associated with a third drug, particularly abacavir (ABC) or tenofovir disoproxil fumarate (TDF) or 
tenofovir alafenamide (TAF), thereby avoiding their respective associated toxicities and drug interactions. DTG/3TC is the first two-
drug combination to be approved as a complete regimen for treatment-naïve patients, and its availability will offer patients and 
providers another safe and effective option to manage this complex chronic disease. 
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II. Integrated Assessment

3. Introduction
The Applicant submits this NDA for DOVATO®, a fixed-drug combination (FDC) of 
dolutegravir (DTG) 50 mg and lamivudine (3TC) 300 mg, seeking the indication of treatment of 
human immunodeficiency virus type 1 (HIV-1) infection in adults with no known substitutions 
associated with resistance to the individual components of DOVATO. Both components of 
DOVATO are approved as individual drugs (TIVICAY® and EPIVIR®), and both are also 
included in other FDC combinations, such as ABC/DTG/3TC (TRIUMEQ®). Dolutegravir is an 
INSTI and lamivudine is an NRTI. As recommended by U.S. HIV Treatment Guidelines (Panel 
on Antiretroviral Guidelines for Adults and Adolescents and Department of Health and Human 
Services), the current standard of care for initial antiretroviral therapy (ART) for most people 
with HIV is an INSTI plus two NRTIs based on durable virologic efficacy, favorable tolerability 
and toxicity profiles, and ease of use. Other currently available therapies used as part of the 
standard of care are discussed in more detail in Section I.2 and are listed in Appendix III.12.1.
Currently no FDC products with two-drugs are approved as a complete regimen for treatment-
naïve patients.
The Applicant submitted an original investigational new drug (IND) application in 2015 to 
investigate DTG and 3TC as an initial, complete, single-tablet regimen for the treatment of HIV-
1 infection in adults. (Please refer to Appendix III.12 for additional regulatory history). Two 
identical phase 3 clinical trials, 204861 (GEMINI-1) and 205543 (GEMINI-2), were conducted 
to establish noninferiority of DTG+3TC to DTG+TDF/FTC (tenofovir disoproxil 
fumarate/emtricitabine). The primary assessment was planned at 48 weeks, which is included in 
this initial submission. These trials are ongoing to include long-term assessment through 148 
weeks. Because the GEMINI trials were conducted with DTG+3TC as individual components, 
studies 204993 and 204994 were conducted to develop the proposed FDC tablet formulation 
(DTG/3TC), characterize bioavailability of the FDC compared to the individual components, and
serve as a pharmacokinetic (PK) bridge to phase 3 trials.
The review team identified two review issues relevant to the evaluation of benefit (Section 
II.6.4):

Differences in treatment response by baseline CD4+ cell count and by baseline HIV-1
RNA
Screening HIV-1 RNA capped at 500,000 copies/mL and the impact on labeling

The review team also identified three review issues relevant to the evaluation of risk and risk 
management (Section II.7.7):

Risk of treatment-emergent genotypic and phenotypic resistance to DTG, 3TC and 
impact of cross-resistance potential
Use in patients coinfected with HIV-1 and HBV: Emergence of lamivudine-resistant 
HBV and the risk of posttreatment exacerbations of HBV
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Metformin dosing recommendation in the Applicant’s proposed DOVATO labeling:
Revisions needed to better align with the benefit-risk profile of metformin.

Until more experience with two-drug regimens, such as DTG/3TC, is gained, limitations and 
uncertainties may remain. For example, differences in compartment penetration between DTG 
and 3TC, particularly the central nervous system (CNS), may expose the virus to monotherapy in 
certain compartments thereby increasing the risk for emergence of resistance. 3TC is likely to be 
more vulnerable to selection pressure with a median cerebrospinal fluid (CSF)/plasma ratio of 
12%; however, in a study assessing the reduction of the CSF viral load in subjects treated with 
3TC (150 mg twice daily), CSF concentrations were all above the in vitro 50% inhibitory 
concentration (IC50) (Yilmaz et al. 2012). In studies with DTG, concentrations in the CSF were 
similar to unbound plasma concentrations and exceeded the EC50 value for wild-type HIV, 
suggesting that DTG achieves therapeutic concentrations in the CNS. The HIV-1 RNA 
reductions were similar in CSF and plasma (Letendre et al. 2014).
Another uncertainty about a two-drug regimen is genital viral shedding (detectable HIV-1 RNA 
in seminal plasma or vaginal swabs), which has been described in virologically suppressed phase 
2 clinical trial participants with DTG+3TC at the proposed doses of 50 mg of DTG and 300 mg
of 3TC once daily, but these levels appear to be comparable to levels in suppressed individuals 
treated with a three-drug regimen (Gianella et al. 2018). There is no evidence to suggest that 
shedding leads to new infections in the context of suppressed viremia. Several studies have 
confirmed that when an HIV-positive partner maintains a suppressed viral load (<400 
copies/mL) on a three-drug regimen, HIV transmission is not expected (Rodger et al. 2016;
Bavinton et al. 2018; Rodger 2018).

3.1. Approach to the Review
Table 2 provides an overview of the clinical trials to support the benefit and risk assessment for 
DTG/3TC FDC and includes 48 week data from two identically-designed phase 3 clinical trials 
204861 (GEMINI-1) and 205543 (GEMINI-2).
Relative bioavailability trial (Study 204944) demonstrated similarity in AUC0- and Cmax of 
DTG, and AUC0- of 3TC. Available safety data were reviewed to support the higher Cmax of 
3TC from the FDC tablet relative to the individual products used in GEMINI-1 and GEMINI-2.
Along with data from a Safety Update Report (SUR), supportive registrational and 
postmarketing experience with DTG and 3TC (as individual components or when used in 
combination) contributed to the benefit-risk assessment of DTG/3TC FDC treatment.
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Table 2. Listing of Clinical Trials Relevant to this NDA

Trial 
Identity NCT no. Trial Design

Regimen/ schedule/ 
route

Study 
Endpoints

Treatment 
Duration/ 
Follow Up

No. of 
subjects
enrolled

Study 
Population

No. of 
Centers and 
Countries

Controlled Studies to Support Efficacy and Safety
204861
GEMINI-1

NCT02831673 Phase 3, R, DB
(DB until Week 96 
then OL through 
Week 148), AC,
MC, PG,
noninferiority trial

DTG 50 mg; tablet; oral; 
once daily + 3TC 300 
mg; tablet; oral; once 
daily; 148 weeks
DTG 50 mg; tablet; oral; 
once daily + FDC of 
TDF/FTC 300 mg/200 
mg; tablet oral; once 
daily; 148 weeks

Proportion of 
subjects with 
plasma HIV-1
RNA <50 
copies/mL 
at Week 48 
(Snapshot
algorithm) in 
ITT-E population

Ongoing to 
148 weeks. 
Week 48 
primary 
analysis, 
Week 52 
follow-up

719 HIV-1-
infected,
treatment-
naïve
adults
years of age

87 centers, 
18 countries

205543
GEMINI-2

NCT02831764 Phase 3, R, DB
(DB until Week 96 
then OL through 
Week 148), AC, 
MC, PG, 
noninferiority trial

DTG 50 mg; tablet; oral; 
once daily + 3TC 300 
mg; tablet; oral; once 
daily; 148 weeks
DTG 50 mg; tablet; oral; 
once daily + FDC of 
TDF/FTC 300 mg/200 
mg; tablet oral; once 
daily; 148 weeks

Proportion of 
subjects with 
plasma HIV-1
RNA <50 
copies/mL 
at Week 48 
(Snapshot
algorithm) in 
ITT-E population

Ongoing to 
148 weeks. 
Week 48 
primary 
analysis, 
Week 52 
follow-up

722 HIV-1-
infected,
treatment-
naïve
adults
years of age

104 centers, 
18 countries

Source: Reviewer
Abbreviations: NCT, national clinical trial (ClinicalTrials.gov identifier); No., number; R, randomized; DB, double-blind; OL, open-label; AC, active-controlled; MC, multi-center; PG, 
parallel group; DTG, dolutegravir; 3TC, lamivudine; FTC, emtricitabine; TDF, tenofovir disoproxil fumarate; FDC, fixed-dose combination; HIV, human immunodeficiency virus; RNA, 
r bonucleic acid; ITT-E, intent-to-treat exposed.
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Trial 
Identity NCT no. Trial Design

Regimen/ schedule/ 
route

Study 
Endpoints

Treatment 
Duration/ 
Follow Up

No. of 
subjects
enrolled

Study 
Population

No. of 
Centers and 
Countries

Other studies pertinent to the review of efficacy or safety (e.g., clinical pharmacological studies)
204993 NCT02738931 R, OL, single-

dose, crossover, 
relative bio-
availability study 
of DTG and 3TC 
FDCs versus 
single entities of 
DTG and 3TC

Two FDC tablet 
formulations of
DTG 50 mg and 3TC 
300 mg; oral;
single dose

DTG 50 mg + 3TC 300 
mg single entity;
oral; single dose

Plasma DTG and 
3TC AUC0- ,
AUC0-t, and Cmax

~11 weeks 
from 
screening to 
follow up

30 Healthy adult
subjects

Single center
in U.S.

204994 NCT03078556 R, OL, two-part,
single-dose, 
crossover, 
bioavailability and 
food effect study 
of DTG and 3TC 
FDCs versus 
single entities of 
DTG and 3TC

Two FDC tablet 
formulations of
DTG 50 mg and 3TC 
300 mg; oral;
single dose

DTG 50 mg + 3TC 300 
mg single entity;
oral; single dose

Plasma DTG and 
3TC AUC0- ,
AUC0-t, and Cmax

~11 weeks 
from 
screening to 
follow up

154 Healthy adult
subjects

Single center
in U.S.

Source: Reviewer
Abbreviations: NCT, national clinical trial (ClinicalTrials.gov identifier); No., number; R, randomized; OL, open-label; DTG, dolutegravir; 3TC, lamivudine; FDC, fixed-dose combination; 
AUC0- , area under the plasma concentration versus time curve from time zero to infinity; AUC0-t, area under the plasma concentration versus time curve from time zero to the last time 
point that concentrations were quantifiable; Cmax, maximum observed plasma concentration.
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4. Patient Experience Data
EQ-5D-5L Utility and Thermometer scores.

Table 3. Patient Experience Data Submitted or Considered
Data Submitted in the Application

Check if 
Submitted Type of Data

Section Where Discussed, 
if Applicable

Clinical outcome assessment data submitted in the application

Patient reported outcome (EQ-5D-5L Utility and Thermometer
scores)

Appendix  III.16.2: GEMINI-
1 and GEMINI-2 Trials 
Secondary Analyses)

Observer-reported outcome 
Clinician-reported outcome 
Performance outcome

Other patient experience data submitted in the application
Patient-focused drug development meeting summary
Qualitative studies (e.g., individual patient/caregiver 

interviews, focus group interviews, expert interviews, 
Delphi Panel)

Observational survey studies
Natural history studies 
Patient preference studies 
Other: (please specify)
If no patient experience data was submitted by Applicant, indicate here:

Data considered in the assessment (but not submitted by Applicant)
Check if 

Considered Type of Data
Section Where Discussed, 
if Applicable

Perspectives shared at patient stakeholder meeting 
Patient-focused drug development meeting summary report 
Other stakeholder meeting summary report 
Observational survey studies 
Other: (please specify)
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5. Pharmacologic Activity, Pharmacokinetics, 
and Clinical Pharmacology

The focus of clinical pharmacology review in this NDA was on the assessment of comparability 
of DTG and 3TC exposures after administration of DTG/3TC FDC relative to administration of 
the individual products (see Appendix III.14). In addition, the Applicant’s proposed clinical 
comment pertaining to coadministration of DOVATO and metformin was revised to instruct the 
healthcare provider to refer to the prescribing information of metformin to consider the benefits 
and risks associated with increased metformin exposures when metformin is coadministered with 
DOVATO (see section 7.7.3). The clinical pharmacology assessment of DTG and 3TC, when 
administered as individual products, was previously conducted under NDA 204790 and NDA 
020564, respectively.
Table 4 provides a summary of the general clinical pharmacology and pharmacokinetics of DTG 
and 3TC. Of note, the information in the table is taken from the United States product insert 
(USPI) of the individually approved products (unless otherwise noted).

Table 4. Summary of General Clinical Pharmacology and Pharmacokinetics
Pharmacokinetic Parameters Dolutegravir Lamivudine
Absorption 
Tmax (h), mediana 2.5 1

Effect of Food
High-fat mealb (relative to fasting) No clinically significant differences in the 

pharmacokinetics of either component were observedc

Distribution
Plasma protein bindingd Approximately 99% 36%
Blood-to-plasma ratio 0.44 - 0.54 1.1 - 1.2
Elimination
t1/2 (h) Approximately 14 13 - 19
Metabolism

Metabolic pathways UGT1A1 (primary)
CYP3A (minor)

Not significantly 
metabolized 

Inhibition/Induction of Metabolism DTG and 3TC do not inhibit or induce 
CYP enzymes or UGT1A1 

Excretion

Major route of elimination Metabolism Renal, by OCT system 
Inhibition/Induction of Transporter Systems DTG inhibits OCT2, MATE1, OAT1 and OAT3. 

3TC is not expected to inhibit major transporters at the 
clinically recommended dose.

Urine (unchanged) 31% (<1%)e Approximately 70%f

Feces (unchanged) 64% (53%)e
a After administration of DOVATO (fasted state)
b High-fat meal is approximately 900 kcal, 56% fat.
c The geometric mean (90% confidence interval) AUC0- ratio (fed/fasted) of dolutegravir and lamivudine after administration of 
DOVATO with a high fat meal is 1.33 (1.18, 1.48) and 0.91 (0.87, 0.96), respectively.
d Based on in vitro data.
e Based on single-dose, mass balance study of radiolabeled dolutegravir.
f Based on 24-hour urine collection obtained after oral or IV administration.
Abbreviations: Tmax, time to maximum concentration (Cmax); t1/2, elimination half-life; UGT, uridine diphosphate (UDP)-glucuronosyl
transferase; CYP, cytochrome P450; OCT, organic cation transporters; MATE, multidrug and toxin extrusion transporter; OAT, 
organic anion transporter.
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Comparison of DTG and 3TC Exposures Between the To-Be Marketed Formulation and 
Clinical Trial Formulations
GEMINI-1 and GEMINI-2 phase 3 trials were conducted using individual administration of 
single entities of DTG (clinical image of TIVICAY; previously established as equivalent to 
TIVICAY in NDA 204790) and 3TC (commercial EPIVIR tablet). The to-be-marketed 
formulation is a bilayer FDC formulation of DTG and 3TC. Bioavailability of DTG/3TC FDC, 
relative to the single entities of DTG and 3TC, was evaluated in Study 204994. A risk review 
issue related to an increase of 3TC Cmax upon using the FDC was identified (see Appendix
III.14.1.1). For additional details about Study 204994, see Appendix III.14.1.

5.1. Nonclinical Assessment of Potential 
Effectiveness

The nonclinical virology assessments of DTG and 3TC were previously reviewed in NDA
204790 and NDA 020564, respectively. Five key characteristics are below.

Dolutegravir demonstrates antiviral activity with EC50 values ranging from 0.02 nM to 
2.14 nM in cell culture against a panel of HIV-1 clinical isolates (M clades A, B, C, D, E, 
F, and G and group O) and with EC50 values ranging from 0.09 nM to 0.61 nM when 
tested against three HIV-2 isolates. Human serum causes an approximately 75-fold 
increase in the DTG EC50 value.
The median EC50 values of lamivudine ranged from 20 nM to 60 nM when assessed
against HIV-1 clades A-G and group O viruses in peripheral blood mononuclear cells and 
3 nM to 120 nM against HIV-2 isolates.
In cell culture selection experiments of wild-type NL432 HIV-1, integrase amino acid 
substitutions S153F or S153Y, E92Q and G193E were selected by DTG, each conferring 
3- to 4-fold decreases in DTG susceptibility. In passage of wild-type clade B, C, and A/G 
viruses integrase substitutions R263K, G118R, and S153T were selected by DTG
Cell culture passage experiments with 3TC selected for RT substitutions M184V or I,
which confer high level resistance to 3TC and FTC.
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6. Evidence of Benefit (Assessment of 
Efficacy)

6.1. Assessment of Dose and Potential 
Effectiveness

The assessment of dose and potential effectiveness of DTG and 3TC for the treatment of HIV-1
was previously reviewed in NDA 204790 and NDA 020564, respectively. Individual approvals
of DTG and 3TC were both based on phase 1b proof-of-concept trials and confirmed in phase 3
trials. The safety profile, lack of a CYP3A inhibitor (such as ritonavir or cobicistat), daily 
dosing, and high resistance barrier of DTG made DTG an appropriate candidate as an anchor 
drug for a drug-sparing strategy. Because DTG was found to be inadequate as maintenance
monotherapy (Wijting et al. 2017), DTG and 3TC were chosen as candidates for development as 
a two-drug, complete regimen. The doses chosen were reasonable to initiate the phase 3 GEMINI 
trials as these doses were approved and further supported by the two proof-of-concept studies 
with DTG+3TC (PADDLE and ACTG A5353). 
This NDA for DTG/3TC FDC satisfies the principles outlined in 21 CFR 300.50 for the 
treatment of HIV (Food and Drug Administration 2006; Food and Drug Administration 2013;
Electronic Code of Federal Regulations 2019). However, while 3TC (EPIVIR-HBV®) is also 
approved for the treatment of chronic hepatitis B virus (HBV) infection (at a lower dose [100 mg 
once daily] than what is used for the treatment of HIV-1 [300 mg daily]), the safety and efficacy 
of 3TC has not been established for the treatment of chronic hepatitis B in patients coinfected
with HIV-1 and HBV. Because DTG has no additional activity against HBV, and DTG/3TC was 
not studied for the treatment for HIV-1 and HBV-coinfected patients, this NDA does not include 
a proposed indication for the treatment HBV.
Two pilot studies (PADDLE and ACTG A5353) evaluated DTG (50 mg daily) plus 3TC (300 
mg) daily as a complete regimen in treatment-naïve participants. In the PADDLE study, 90% 
(18/20) of subjects receiving DTG+3TC had HIV-1 RNA <50 copies/mL at Week 48 (Cahn et 
al. 2017). All of the 15 subjects who completed the extension phase maintained HIV-1 RNA <50 
copies/mL at Week 96 (Figueroa et al. 2017). In ACTG A5353, which included subjects with 
screening plasma HIV RNA 500,000 copies/mL, 90% (108/120) had HIV-1 RNA <50 
copies/mL at Week 24 (Taiwo et al. 2018). One subject who had suboptimal drug adherence 
developed resistance-associated substitutions to both study drugs (R263R/K and M184V). At 48 
weeks, the overall success rate was 85% (102/120) (Nyaku et al. 2019)
Based on the results of the two pilot studies, two confirmatory phase 3 trials (GEMINI-1 and 
GEMINI-2) were conducted. Although the GEMINI trials were not designed to address all of the 
limitations and uncertainties of a two-drug regimen, such as genital viral shedding or emergence 
of resistance due to differences in compartment penetration between the two drugs, the primary 
clinical outcome of interest, whether the regimen of DTG+3TC durably achieves undetectable 
plasma HIV-1 RNA levels (<50 copies/mL), is adequate and sufficient to demonstrate potential 
effectiveness.
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6.2. Design of Clinical Trials Intended to 
Demonstrate Benefit to Patients

6.2.1. Trial Design
The two phase 3 trials GEMINI-1 and GEMINI-2 were identical in design. Both trials had the 
primary objective of demonstrating that a two-drug regimen (DTG+3TC) is not inferior, based 
on a 10% noninferiority (NI) margin, to a three-drug regimen (DTG plus a fixed-dose 
combination (FDC) tablet of TDF/FTC) based on the proportion of subjects achieving a plasma 
HIV-1 RNA <50 copies/mL at Week 48. Each trial was randomized, double-blind, active-
controlled and performed in antiretroviral treatment-naïve adult subjects. The NI trial design
utilized in both trials is the most feasible design to demonstrate efficacy of a new antiretroviral 
regimen in a treatment-naïve HIV-infected population using an approved, recommended 
antiretroviral regimen as the active comparator. The design, and 10% NI margin, are consistent 
with FDA Guidance for Industry (Food and Drug Administration 2015) and is specific to active-
controlled trials in treatment-naïve HIV-1 infected patients. Several regimens, including the 
DTG+TDF/FTC regimen used as the control in GEMINI-1 and GEMINI-2, are approved for the 
treatment of HIV-1 infection in treatment-naïve subjects and demonstrate efficacy. 
Both trials enrolled HIV-1 infected, antiretroviral (ARV
Enrollment was initially restricted to subjects with a screening HIV-1 RNA of 1000 to 100,000
copies/mL, but later amended to allow subjects with a screening HIV-1 RNA of 1000 to 

500,000 copies/mL (see Appendix III.12). Both trials excluded subjects who were infected with 
HBV as well as HCV-infected subjects requiring HCV therapy within the first 48 weeks of the 
trial.
Subjects were randomized (1:1) to DTG+3TC once-daily or DTG+TDF/FTC once-daily 
stratified by screening HIV- or >100,000 copies/mL) and screening CD4+ cell co
or >200 cells/mm3). 
Each trial consists of a screening period lasting up to 35 days prior to randomization, followed 
by a 96-week double-blind period, and lastly, followed by an open-label period through Week 
148 of treatment, during which subjects remain on randomized treatment. Data submitted 
supporting this NDA are through the Week 48 visit.
The secondary efficacy endpoints in both trials include comparisons between treatment arms in:

Time to viral suppression
Proportion with HIV-1 RNA <50 copies/mL at the Week 24, 96 and 144 visits
Change from baseline CD4+ cell counts
Incidence of disease progression
Incidence of treatment-emergent genotypic and phenotypic resistance at the Week 24, 48,
96 and 144 visits.

A detailed summary of the trial designs for GEMINI-1 and GEMINI-2 is located in Appendix 
III.15.
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6.2.2. Eligibility Criteria
HIV-1 infected subjects were eligible for the trial if they had a screening HIV-1 RNA viral load
between 1,000 and 500,000 copies/mL who are at least 18 years old at the time of screening and 
who are treatment-naïve were eligible. (For further discussion regarding the HIV RNA-1
screening criterion, please see Section 6.4.2). Subjects who are coinfected with HBV, requiring 
HCV therapy during the first 48 weeks of the trial, had untreated syphilis infection, ongoing 
malignancy, unstable liver disease, or who are pregnant or breast feeding were ineligible to 
participate. Subjects who had received HIV-1 post (PEP)-or pre-exposure (PrEP) prophylaxis 
were eligible to participate as long as the PEP/PrEP was taken more than one year from HIV 
diagnosis or they had a documented HIV seronegativity between the last prophylactic dose and 
the date of HIV diagnosis.

6.2.3. Statistical Analysis Plan
The Applicant and review division agreed on GEMINI-1 and GEMINI-2 statistical analysis plans
prior to trial completion. 
The target sample size of 700 subjects was calculated using an assumed 87% true virologic
response rate in the DTG+3TC arm and an 89% response rate in the DTG+TDF/FTC arm. Given 
these assumptions, 347 subjects per arm provided 90% power with a 10% noninferiority margin 
and a 2.5% two-sided alpha level. No sample size re-estimation was planned or performed.
The primary efficacy analysis population was the intent-to-treat exposed (ITT-E) population 
defined as randomized subjects who received at least one dose of study drug. The primary 
efficacy analysis compared the proportion of subjects with a Week 48 HIV-1 RNA <50 
copies/mL using a one-sided 2.5% significance level. The analysis followed the FDA Snapshot 
Algorithm such that subjects with missing Week 48 HIV-1 RNA, who prematurely discontinued, 
or who switched to concomitant antiretroviral therapy were treated as non-responders for the 
time point of interest. Otherwise, virologic success or failure was determined using the last 
available HIV-1 RNA assessment while the subject was on-treatment within the visit window.
The primary endpoint is the accepted endpoint for phase 3 trials for the treatment of HIV-1
infected, treatment-naïve subjects. 
The primary efficacy endpoint was analyzed using a stratified analysis applying Cochran-
Mantel-Haenszel (CMH) weights adjusting for baseline HIV-1 RNA ( or >100,000 copies/mL) 
and CD4+ cell count ( or >200 cells/mm3). The adjusted treatment difference of the primary 
endpoint is a weighted average of the strata-specific estimates of treatment difference for each of 
the four different strata. A 95% confidence interval (CI) around the adjusted risk difference was 
calculated using the variance estimator by Sato (Sato 1989), which performs well for both large 
and small strata. 
A conclusion of noninferiority of DTG+3TC to DTG+TDF/FTC was determined if the lower
bound of the two-sided 95% CI around the adjusted risk difference was greater than -10%. A test 
for homogeneity across the four strata was conducted using a weighted least-squares chi-squared 
test and any findings, based on a 10% significance level, of heterogeneity were explored.
An interim analysis on the Week 24 data was performed to fulfill the European Medicines 
Agency (EMA) requirement to assess virologic efficacy after 24 weeks of treatment. (Note: The 
EMA recommendation for overall trial duration essential to provide long-term safety and 
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efficacy data of at least two years is consistent with FDA guidance). The Week 24 data analysis 
was conducted by the Applicant using unblinded data; however, investigators and subjects 
remained blinded to assigned treatment through Week 96. No adjustment was performed for this 
interim analyses of the primary endpoint at Week 24 as this analysis was strictly to fulfil the 
EMA requirement and no external presentation of the data was allowed until at least all subjects 
had reached the Week 48 visit.
The Applicant will perform secondary analyses of the efficacy endpoints after data are 
completed for the Week 96 and Week 144 visits. These data will be provided for regulatory 
review at a later time. The Week 48 analysis cut-off date was May 22, 2018.

6.3. Results of Analyses of Clinical Trials 
Intended to Demonstrate Benefit to Patients

This section summarizes the subject disposition, baseline demographics and disease 
characteristics and primary efficacy results to support the efficacy of DTG+3TC in treatment-
naïve subjects. The baseline demographics and disease characteristics were well-balanced 
between treatment arms within both trials and across trials and, in general. The trials included an 
adequate representation of ARV-naïve, HIV-1 infected adults. More than 65% of subjects
identified  as white, 9 to 11% Asian and 11 to 13% black/African American. In the United States 
alone, black/African American persons account for 44% of all new HIV infections (Centers for 
Disease Control and Prevention 2014). Therefore, the representation of black/African American 
subjects between the two trials (11 to 13%) falls below the national estimates. 
The statistical review confirmed the subject disposition of all screened subjects. Table 5
summarizes the subject disposition for GEMINI-1 and GEMINI-2. In GEMINI-1, 719 subjects 
were randomized, of which five did not receive treatment. Similarly, GEMINI-2 randomized 722 
subjects, all but three received treatment. At the Week 48 data evaluation, over 90% of all ITT-E
subjects were still participating in the trials. In both trials, numerically more subjects in the 
DTG+3TC arm compared to DTG+TDF/FTC arm withdrew from the trial, 10.1% versus 7.8% 
(GEMINI-1) and 8.3% versus 6.7% (GEMINI-2). Numerically more subjects discontinued due to 
AEs and were lost to follow-up in the DTG+3TC arms (compared to the DTG+TDF/TFC arms) 
in both GEMINI-1 and GEMINI-2 trials. The remaining reasons for trial discontinuation were 
generally balanced between treatment arms. 
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Table 5. Subject Disposition, GEMINI-1 and GEMINI-2
Disposition GEMINI-1 GEMINI-2
No. of subjects screened 1058 1023
No. of subjects not randomized 339 (32%) 301 (29.4%)
No. of subjects randomized 719 722

DTG+3TC
N=359
n (%)

DTG+TDF/FTC
N=360
n (%)

DTG+3TC
N=360
n (%)

DTG+TDF/FTC
N=362
n (%)

Subjects randomized 359 (100) 360 (100) 360 (100) 362 (100)
ITT-E population 356 (99.2) 358 (99.4) 360 (100) 359 (99.2)
Per protocol population 345 (96.1) 346 (96.1) 349 (96.9) 347 (95.9)
Safety population 356 (99.2) 358 (99.4) 360 (100) 359 (99.2)

Subject Status
Ongoing 320 (89.9) 330 (92.2) 330 (91.7) 335 (93.3)
Withdrawn 36 (10.0) 28 (7.8) 30 (8.3) 24 (6.6)

Trial Discontinuation* 36 (10.1) 28 (7.8) 30 (8.3) 24 (6.7)
Adverse Event 6 (1.7) 4 (1.1) 8 (2.2) 5 (1.4)
Lack of Efficacy 3 (0.8) 1 (0.3) 2 (0.6) 2 (0.6)
Lost to Follow-Up 9 (2.5) 6 (1.7) 6 (1.7) 5 (1.4)
Physician Decision 6 (1.7) 3 (0.8) 2 (0.6) 2 (0.6)
Protocol Deviation 5 (1.4) 4 (1.1) 5 (1.4) 2 (0.6)
Protocol-Spec. Criterion Met^ 1 (0.3) 6 (1.7) 0 (0) 2 (0.6)
Subject Withdrawal 6 (1.7) 4 (1.1) 7 (1.9) 6 (1.7)

* Proportions are based on the ITT-E population.
^ GEMINI-1: one in each arm met liver chemistry criterion, four (DTG+TDF/FTC) met renal toxicity withdrawal criterion. GEMINI-2:
one meeting liver chemistry criterion, one meeting renal toxicity criterion-both in DTG+TDF/FTC arm.
Total screening failures reported in clinical study reports: 287 (GEMINI-1) and 247 (GEMINI-2) differs from statistical review findings 
Abbreviations: ITT-E, intent-to-treat exposed includes all randomized who received at least one dose of study drug; 3TC, 
lamivudine; DTG, dolutegravir; FTC, emtricitabine; TDF, tenofovir disoproxil fumarate.
Source: Reviewer analysis of ADDS.xpt dataset

Table 6 presents details on the baseline demographics and characteristics by trial. Other than the 
under-representation of black/African American subjects mentioned above, the baseline 
characteristics as shown in Table 6 are representative of a treatment-naïve, HIV-1 infected adult 
population in the U.S.. Subjects were randomized across several countries in both trials with 
slightly more enrolled subjects in sites located within the U.S. (14 to 19%) compared to other 
participating countries. Pooled baseline characteristics and demographics are provided in 
Appendix III.16.1, Table 32.
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Table 6. Baseline Demographic and Clinical Characteristics, Safety Population
GEMINI-1 GEMINI-2

Characteristic

DTG+3TC
n=356
n (%)

DTG+TDF/FTC
n=358
n (%)

DTG+3TC
n=360
n (%)

DTG+TDF/FTC
n=359
n (%)

Sex
Male 297 (83.4) 306 (85.5) 306 (85) 313 (87.2)
Female 59 (16.6) 52 (14.5) 54 (15) 46 (12.8)

Age, years
Mean (SD) 34 (9.9) 35 (10.7) 34.6 (10.7) 34.4 (10.3)
Median (min, max) 32 (18, 69) 33 (18, 66) 32 (18, 72) 33 (18, 70)

Age groups (years)
18 to <35 211 (59.3) 205 (57.3) 209 (58.1) 203 (56.6)
35 to <50 116 (32.6) 107 (29.9) 115 (31.9) 122 (34)

29 (8.2) 46 (12.9) 36 (10) 34 (9.5)
Race

White 243 (68.3) 248 (69.3) 237 (65.8) 249 (69.4)
Black/African American 44 (12.4) 36 (10.1) 55 (15.3) 40 (11.1)
Asian 37 (10.4) 42 (11.7) 34 (9.4) 30 (8.4)
Other 32 (9) 32 (8.9) 34 (9.4) 40 (11.1)

Ethnicity
Hispanic 120 (33.7) 111 (31.0) 95 (26.4) 121 (33.7)
Non-Hispanic 236 (66.3) 247 (69) 265 (73.6) 238 (66.3)

Country of participation
United States 61 (17.1) 52 (14.5) 68 (18.9) 67 (18.7)
Argentina 55 (15.5) 50 (14) 36 (10) 41 (11.4)
Italy 37 (10.4) 40 (11.2) 30 (8.3) 21 (5.9)
Russia 35 (9.8) 40 (11.2) 44 (12.2) 43 (12)
Spain 33 (9.3) 34 (9.5) 44 (12.2) 52 (14.5)
Taiwan 29 (8.2) 32 (8.9) 27 (7.5) 28 (7.8)
Mexico 29 (8.2) 30 (8.4) 21 (5.8) 22 (6.1)
Canada 15 (4.2) 18 (5.0) 6 (1.7) 7 (2)
Other* 62 (17.4) 62 (17.3) 84 (23.3) 78 (21.7)

Hepatitis C Positive 26 (7.3) 28 (7.8) 13 (3.6) 21 (5.9)
Smoking Status

Current 143 (40.2) 141 (39.4) 130 (36.1) 132 (36.8)
Former 45 (12.6) 43 (12.0) 44 (12.2) 42 (11.7)
Never 168 (47.2) 174 (48.6) 186 (51.7) 185 (51.5)

10-Year CHD Risk
<10% 316 (89.5) 306 (86.4) 316 (88.3) 315 (88.2)
10-20% 26 (7.4) 25 (7.1) 32 (8.9) 31 (8.7)
20% 11 (3.1) 23 (6.5) 10 (2.8) 11 (3.1)

Other Contributing to less than 4 to 5% to total trial enrollment (GEMINI-1): Australia (n=6), Belgium (n=22), France (n=27), 
Germany (n=19), S. Korea (n=7), Netherlands (n=4), Romania (n=8), S. Africa (n=7), UK (n=8), Portugal (n=16); (GEMINI-2):
Australia (n=14), Belgium (n=8), France (n=10), Germany (n=16), Peru (n=23), Poland (n=9), Portugal (n=20), Romania (n=21), 
Switzerland (n=13), UK (n=28).
Abbreviations: 3TC, lamivudine; CHD, coronary heart disease; DTG, dolutegravir; FTC, emtricitabine; SD, standard deviation; TDF, 
tenofovir disoproxil fumarate.
Source: Reviewer analysis of ADSL.xpt dataset

Several HIV-related baseline characteristics were assessed to further characterize the trial 
populations. Table 7 summarizes the screening and baseline HIV disease characteristics. Overall,
CD4+ cell counts ranged from 19 to 1497 cells/mm3 between the two trials with more than 90% 
of all subjects starting treatment with a CD4+ cell count above 200 cells/mm3. Between 79 to 
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82% all trial subjects were randomized with a baseline HIV RNA 100,000 copies/mL. Twenty-
eight subjects (11 in GEMINI-1 and 17 in GEMINI-2) had baseline HIV-1 RNA >500,000
copies/mL. Screening viral loads did not excessively deviate from the baseline values. The 
majority of subjects were infected with the HIV subtype B (64 to 70%) and another 21 to 25% 
with non-A or B subtypes. Few subjects (<10%) were classified with Centers for Disease Control
and Prevention (CDC) stage 3 HIV infection, which corresponds to severe HIV infection or 
AIDS. Pooled disease characteristics are provided in Appendix III.16.1, Table 33.

Table 7. Screening and Baseline HIV Disease Characteristics
GEMINI-1 GEMINI-2

Characteristic

DTG+3TC
n=356
n (%)

DTG+TDF/FTC
n=358
n (%)

DTG+3TC
n=360
n (%)

DTG+TDF/FTC
n=359
n (%)

Baseline CD4+ Cell Count (cells/mm3)
Mean (SD) 464 (222) 453 (196) 460 (216) 469 (229)
Median 427 436 428 442
Range 19,1399 19, 1305 19, 1364 19, 1497

Baseline CD4+ Cell Count Group (cells/mm3)
<50 5 (1.4) 4 (1.1) 3 (0.8) 5 (1.4)
50 to <200 26 (7.3) 25 (7) 29 (8.1) 20 (5.5)
200 to <350 92 (25.8) 79 (22.1) 87 (24.2) 87 (24.2)
350 to <500 99 (27.8) 120 (33.5) 105 (29.2) 108 (30.1)
500+ 134 (37.6) 130 (36.3) 136 (37.8) 139 (38.7)

Baseline HIV-1 RNA (copies/mL)
282 (79.2) 282 (78.8) 294 (81.7) 282 (78.6)

>100,000 74 (20.8) 76 (21.2) 66 (18.3) 77 (21.4)
Screening HIV-1 RNA (copies/mL)

288 (80.9) 290 (81) 282 (78.3) 280 (78)
>100,000 68 (19.1) 68 (19) 78 (21.7) 79 (22)

HIV Subtype (%)
A 45 (12.6) 43 (12) 41 (11.4) 35 (9.7)
B 237 (66.6) 236 (65.9) 230 (63.9) 252 (70.2)
Other 74 (20.8) 79 (22.1) 89 (24.7) 72 (20.1)

CDC HIV Stage
1 128 (36) 126 (35.2) 129 (35.8) 137 (38.2)
2 194 (54.5) 204 (57) 198 (55) 189 (52.6)
3 33 (9.3) 28 (7.8) 33 (9.2) 32 (8.9)

Abbreviations: 3TC, lamivudine; CDC, Centers for Disease Control; DTG, dolutegravir; FTC, emtricitabine; HIV, human 
immunodeficiency virus; SD, standard deviation; TDF, tenofovir disoproxil fumarate.
Source: Reviewer analysis of ADSL.xpt dataset

Primary Efficacy Results
The Applicant’s primary efficacy results (Table 8) were confirmed by the statistical review and 
the results demonstrate that in both trials, the lower bound of the 95% confidence interval (CI)
around the adjusted difference (DTG+3TC – DTG+TDF/FTC) in the Week 48 proportion of 
subjects achieving a HIV-1 RNA viral load <50 copies/mL was greater than -10%. Specifically, 
in GEMINI-1, the adjusted difference was -2.64% with a 95% CI of -6.74% to 1.46%. The 
adjusted treatment difference was smaller in GEMINI-2 compared to GEMINI-1; -0.69% with a 
95% CI of -4.28% to 2.91%. Both trials demonstrated that DTG+3TC was noninferior to 
DTG+TDF/FTC based on the prespecified 10% margin. In both trials, the observed response 
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rates (virologic success) were higher than the expected proportions around which the trial sample 
size was based in both treatment arms; expected 87% and 89% versus observed 90 to 93% and 
93 to 94% in the DTG+3TC and DTG+TDF/FTC arms, respectively. 
Both confidence intervals include zero and therefore the findings do not support a claim of 
superiority. 
Because the trial designs were identical, the primary efficacy analysis was also performed on the 
pooled trial data. The pooled virologic outcomes at Week 48 are presented in product labeling. 
The results presented below and in product labeling are from the FDA Snapshot Algorithm as 
defined in FDA Guidance (Food and Drug Administration 2015). The results, along with the 
adjusted difference between arms and confidence interval, are provided in the last column of 
Table 8. The adjusted, pooled estimate is -1.7%, which slightly favors the comparator arm with a 
95% CI of -4.44% to 1.03%.
In GEMINI-1, the proportion of subjects classified using the FDA Snapshot approach as having 
an HIV RNA 50 copies/mL was 3.7% and 1.7% in the DTG+3TC and DTG+TDF/FTC arms, 
respectively. In GEMINI-2, this proportion was 1.9% in both treatment arms. The remaining 
failures were due to missing virologic data. The detailed breakdown by category per the FDA 
Snapshot Algorithm is provided in Table 8.

Reference ID: 4416188



NDA 211994
Dolutegravir and lamivudine (DOVATO)

24
Integrated Review Template, version date 2019/03/29

Table 8. Week 48 Primary Efficacy (ITT-E); GEMINI-1 and GEMINI-2 Trials, Individually and Pooled

Week 48

GEMINI-1 GEMINI-2 Pooled
DTG+3TC

N=356
n (%)

DTG+TDF/FTC
N=358
n (%)

DTG+3TC
N=360
n (%)

DTG+TDF/FTC
N=359
n (%)

DTG+3TC
N=716
n (%)

DTG+TDF/FTC
N=717
n (%)

HIV-1 RNA <50 copies/mL 320 (89.9) 332 (92.7) 335 (93.1) 337 (93.9) 655 (91.5) 669 (93.3)
Adjusted Difference^, 95% CI -2.64 (-6.74, 1.46) -0.69 (-4.28, 2.91) -1.70 (-4.44, 1.03)
Failure Reasons
HIV-1 opies/mL 13 (3.7) 6 (1.7) 7 (1.9) 7 (1.9) 20 (2.8) 13 (1.8)
Data in window, HIV-1 opies/mL 6 (1.7) 3 (0.8) 2 (0.6) 2 (0.6) 8 (1.1) 5 (0.7)
Discontinued due to lack of efficacy 3 (0.8) 1 (0.3) 2 (0.6) 1 (0.3) 5 (0.7) 2 (0.3)
Discontinued, HIV-1 opies/mL 3 (0.8) 2 (0.6) 2 (0.6) 3 (0.8) 5 (0.7) 5 (0.7)
Change in ART 1 (0.3) 0 1 (0.3) 1 (0.3) 2 (0.3) 1 (0.1)
No Virologic Data 23 (6.5) 20 (5.6) 18 (5) 15 (4.2) 41 (5.7) 35 (4.9)
On study, missing data 1 (0.3) 0 1 (0.3) 0 2 (0.3) 0
Discontinued, non-AE reasons* 17 (4.8) 11 (3.1) 12 (3.3) 11 (3.1) 29 (4.1) 22 (3.1)
Discontinued, AE reasons 5 (1.4) 9 (2.5) 5 (1.4) 4 (1.1) 10 (1.4) 13 (1.8)
^ Adjusted difference (DTG+3TC – DTG+TDF/FTC) using a stratified analysis with Cochran-Mantel-Haenszel (CMH) weights, adjusted by baseline RNA ( 100,000 versus >100,000) 
and baseline CD4+ ( 200 versus >200 cell/mm3).
* Reasons include lost to follow-up, physician decision, protocol deviation, subject withdrew consent.
Abbreviations: 3TC, lamivudine; AE, adverse event; ART, antiretroviral therapy; DTG, dolutegravir; FTC, emtricitabine; HIV, human immunodeficiency virus; ITT-E, intent-to-treat 
exposed; RNA, ribonucleic acid; TDF, tenofovir disoproxil fumarate.
Source: Reviewer analysis of adsnap.xpt, adsl.xpt datasets
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Secondary Endpoint Results
Results of secondary endpoint analyses including the Week 24 analysis of the primary endpoint
and time to viral suppression are presented in the Appendix III.16.2.

Change from Baseline in CD4+ Cell Counts at Week 24 and 48
Change from baseline in CD4+ cell counts at Week 48 was a prespecified secondary endpoint in 
both trials. The Applicant’s analysis imputed missing data using multiple imputations and 
calculated the adjusted mean change from baseline from an ANCOVA (analysis of covariance)
model that included treatment, baseline CD4+ cell count, and baseline HIV-1 RNA (factor). 
Results from the Applicant’s analysis are summarized in Appendix III.16.2. The adjusted mean 
change from baseline in CD4+ cell count from the pooled analysis at Week 48 was 224 cells/mm3

for the group receiving DTG+3TC and 217 cells/mm3 for the group receiving DTG+TDF/FTC.
Results from the statistical review of Week 24 and 48 using observed data only and a Week 48 
analysis imputing last value obtained while on study when subjects were missing a Week 48 
value are presented in Table 9. The statistical review performed alternative analyses to assess the 
influence-of missing data on change in CD4+ cell counts over time. Overall findings were 
consistent with Applicant’s results. Differences between treatment arms in mean change from 
baseline favored the DTG+3TC arm at both time points (Week 24 and 48) in both trials. 
Comparing the mean difference of change from baseline in CD4+ cell counts, a decrease in the 
difference at Week 48 compared to Week 24 was observed. However, none of the analyses 
yielded statistically- or clinically-significant differences between treatment arms as evidenced by 
the 95% CIs all including a value of zero. 

Table 9. Change from Baseline in CD4+ Cell Count (cells/mm3)
GEMINI-1 GEMINI-2

N n

Mean (SE)
Change 
from BL

Mean Diff, 
95% CI N n

Mean (SE)
Change 
from BL

Mean Diff, 
95% CI

Week 24
Observed
DTG+3TC 356 340 191.8 (9.6) 15.8 

(-10.8, 42.5)
360 349 187.6 (9.0) 24.4 

(-0.7, 49.5)DTG+TDF/FTC 358 341 176 (9.6) 359 345 163.3 (9.1)
Week 48
Observed
DTG+3TC 356 324 223.8 (10.4) 6.6 

(-22.1, 35.2)
360 337 224.3 (9.6) 7.3

(-19.3, 33.9)DTG+TDF/FTC 358 334 217.3 (10.2) 359 340 216.9 (9.6)
Impute Missing^
DTG+3TC 356 354 218.0 (10) 7.9 

(-19.9, 35.6)
360 359 219.3 (9.2) 5.2

(-20.5, 30.9)DTG+TDF/FTC 358 357 210.2 (10) 359 359 214.1 (9.2)
^Missing values imputed using last value while on study 
Abbreviations: 3TC, lamivudine; SE, standard error; BL, baseline; CI, confidence interval; DTG, dolutegravir; FTC, emtricitabine; 
TDF, tenofovir disoproxil fumarate.
Source: Reviewer analysis of adlb.xpt and adsl.xpt datasets

Subgroup Findings
The statistical review included analyses of the primary efficacy endpoint on race, sex, age,
country and region subgroups. Overall, the results support the primary efficacy findings; 
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however, small sample sizes in some subgroups limit the ability to draw reliable conclusions 
regarding possible interactions or subgroup effects. These findings are presented in Appendix 
III.16.3.
Both the Applicant and the statistical review team performed subgroup analyses by the two 
protocol specified stratification factors baseline HIV-1 RNA category and baseline CD4+ cell 
count category. Week 48 HIV-1 RNA <50 copies/mL by baseline HIV-1 RNA, with unadjusted 
and adjusted by baseline strata differences (both analyses provided to assess for any impact of 
baseline CD4+ cell count on treatment differences) and corresponding CI, are provided in Table 
10.

Although the proportion of subjects with a baseline HIV-1 RNA >100,000 copies/mL was small 
(21% in GEMINI-1 and 20% in GEMINI-2 between both treatment arms), the results suggest a 
possible interaction by baseline HIV-1 RNA in the GEMINI-2 trial (test of heterogeneity 
p=0.03). This finding of heterogeneity suggests a lack of consistency in treatment effect between 
subgroups, which could probably be due to chance given the small sample size. This finding was 
not observed in GEMINI-1 nor in the pooled trial data. Overall, treatment differences in 
proportion achieving the primary endpoint by baseline HIV-1 RNA subgroup were numerically 
inconsistent, but are not viewed as clinically relevant.

Evidence of lower response rates in GEMINI-1 and GEMINI-2 trials in the DTG/3TC arm 
compared to DTG+TDF/FTC in the subgroup of subjects with a baseline CD4+

cell/mm3 was observed. In the pooled analyses, the proportion of subjects with baseline CD4+

cell counts 200 cells/mm3 and who achieved HIV-1 RNA <50 copies/mL was 79% for 
DTG+3TC compared to 93% for DTG+TDF/FTC. In comparison, 93% of subjects with baseline 
CD4+ cell counts >200 cells/mm3 in both treatment groups achieved HIV-1 RNA <50 copies/mL 
at Week 48. This finding is further discussed as an issue relevant to the evaluation of benefit in 
Section 6.4.1.

Table 10. Week 48 HIV-1 RNA <50 copies/mL by Baseline HIV-1 RNA 
GEMINI-1 GEMINI-2 Pooled

BL HIV-1 RNA

DTG+3TC
(n=356)
n/N (%)

DTG+
TDF/FTC
(n=358)
n/N (%)

DTG+3TC
(n=360)
n/N (%)

DTG+
TDF/FTC
(n=359)
n/N (%)

DTG+3TC
(n=716)
n/N (%)

DTG+
TDF/FTC
(n=717)
n/N (%)

c/mL 255/282 (90) 263/282 (93) 271/294 (92) 268/282 (95) 526/576 (91) 531/564 (94)
Unadj. diff, 95% CI -2.4 (-7.4, 1.8) -2.9 (-6.9, 1.2) -2.8 (-5.8, 0.2)
Adj. diff, 95% CI -2.8 (-7.3, 1.7) -2.8 (-6.7, 1.2) -2.8 (-5.8, 0.2)
>100,000 c/mL 65/74 (88) 69/76 (91) 64/66 (97) 69/77 (90) 129/140 (92) 138/153 (90)
Unadj. diff, 95% CI -3.0 (-13.1, 7.3) 7.4 (-1.6, 15.5) 1.9 (-4.8, 8.5)
Adj. diff, 95% CI -1.9 (-11.6, 7.7) 7.8 (-0.1, 15.6) 2.7 (-3.7, 9.0)
P-value,

heterogeneity 0.98 0.03 0.14
^Adjusted difference (DTG+3TC – DTG+TDF/FTC) using a stratified analysis with Cochran-Mantel-Haenszel (CMH) weights, 
adjusted by baseline CD4+ cell count ( 200 versus >200 cell/mm3).
Abbreviations: 3TC, lamivudine; BL, baseline; CI, confidence interval; c/mL, copies/mL; diff, difference (DTG+3TC – 
DTG+TDF/FTC), unadj, unadjusted; adj., adjusted; DTG, dolutegravir; FTC, emtricitabine; HIV, human immunodeficiency virus; 
RNA, ribonucleic acid; TDF, tenofovir disoproxil fumarate
Source: Reviewer analysis of adsnap.xpt, adsl.xpt datasets
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6.4. Review Issues Relevant to the Evaluation of 
Benefit

The review team concluded that the results of the phase 3 trials, GEMINI-1 and GEMINI-2,
support the efficacy of DTG/3TC in HIV-1 infected adults with no prior ARV treatment history. 
The review issues relevant to the evaluation of benefit focused on treatment outcome by the two 
protocol specified stratification factors: baseline CD4+ 3 versus >200 
cell/mm3) and 100,000 copies/mL versus >100,000 copies/mL) and the 
eligibility criteria for screening HIV-1 RNA that was capped at 500,000 copies/mL. As noted in 
Section 6.3, no clinically-relevant differences were seen with respect to HIV-1 RNA <50 
copies/mL at Week 48 by baseline HIV-1 RNA. We agree with the Applicant’s proposed 
presentation of these results by baseline HIV-1 RNA in Section 14 (Clinical Studies) of the label. 
More prominent differences were noted by baseline CD4+ cell counts and are further described in 
Section 6.4.1. The rationale for not restricting the use of DTG/3TC in patients with baseline 
HIV-1 RNA > 500,000 copies/mL is discussed in Section 6.4.2.

6.4.1. Differences in Treatment Response by CD4+ Cell 
Count

Issue
In both GEMINI-1 and GEMINI-2 trials, the proportion of subjects achieving the primary 
endpoint (HIV-1 RNA <50 copies/mL) was lower in the DTG+3TC arm (78-81%) compared to 
DTG+TDF/FTC arm (90-96%) in the subgroup of subjects with baseline CD4+ cell counts 200
cells/mm3. When pooling the two trials, the proportion of subjects achieving the primary 
endpoint was 79% and 93% in the DTG+3TC and DTG+TDF/FTC arms, respectively in this 
subgroup.

Conclusion
A detailed assessment of the subgroup of subjects with baseline CD4+ cell counts 200
cells/mm3 subgroup did not reveal a singular explanation for the lower response rates observed.
Lower response rates occurred irrespective of baseline HIV-1 RNA, and development of INSTI
or NRTI resistance in either treatment arm in either trial was not observed at the Week 48
analysis.
We considered including a Limitation of Use in the USPI for DTG/3TC because more 
DTG+3TC-treated subjects with CD4+ cell counts 200 cells/mm3 experienced virologic failure 
(HIV-1 RNA 50 copies/mL) compared to DTG+3TC- and DTG+TDF/FTC-treated subjects 
with CD4+ cell counts >200 cells/mm3. However, after further internal discussion within the 
review team, a Limitation of Use was not recommended for two reasons. One, the majority of 
subjects who were considered Snapshot failures were not due to lack or loss of virologic 
response (one subject in GEMINI-1 had confirmed virologic withdrawal, one subject whose last 
HIV-1 RNA was 64,366 copies/mL before loss of follow-up). Two, the other subjects who 
remained in the study and had either HIV-1 RNA <50 copies/mL at later timepoints, or had HIV 
RNA-1 measurements between 50 and <200 copies/mL (for a listing of outcomes in subjects 
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with baseline CD4+ cell counts 200 cells/mm3 refer to Table 39 in Appendix III.16.3). The 
durability of a two-drug regimen beyond 48 weeks remains unknown; therefore, if development 
of INSTI or NRTI resistance emerges with longer term data, then a Limitation of Use or 
additional labeling may be considered. Additionally, we recommended a PMR for the 
submission of clinical study reports with the complete Week 96 data from GEMINI-1 and 
GEMINI-2. These data are needed to assess the durability of response for this two-drug regimen 
and to assess the potential for development of drug resistance and cross-resistance.
The product labeling presents the Week 48 results (proportion of subjects with HIV-1 RNA <50 
copies/mL) by baseline CD4+ cell count noting the significant finding of heterogeneity. 

Team Assessment
The key conclusions are based on the following:
Findings from subgroup analyses by baseline CD4+ cell count revealed a consistent pattern of 
lower response rates in the DTG+3TC arm compared to the DTG+TDF/FTC arm in the 200
cells/mm3 subgroup in both adjusted and unadjusted analyses. Lower response rates in the 
cells/mm3 subgroup were seen in both trials and in the overall pooled data (Table 11). In 
GEMINI-2, the test for heterogeneity is significant for this factor suggesting a treatment-by-
baseline CD4+ cell count interaction.
The statistical review provided a thorough assessment and attempted to identify a possible reason 
for the noted imbalances in the proportion of subjects achieving the primary endpoint by baseline 
CD4+ cell count. However, no single baseline factor appeared to explain these findings. Fewer 
than 10% of subjects entered the trial with a baseline CD4+ 3

complicating the ability to fully assess relationships between more than one factor at a time. 
Overall, using the FDA Snapshot Algorithm and those subjects classified as HIV-1 RNA 50
copies/mL, the reasons for 50 copies/mL of HIV-1 RNA were not related to loss or lack of 
virologic response, with the exception of one subject in GEMINI-1 who was withdrawn due to 
confirmed loss of virologic response. Another subject in GEMINI-1 whose last HIV-1 RNA was 
64,366 copies/mL was lost to follow-up. Additional details on those subjects with HIV-1 RNA 

50 copies/mL or no virologic data at the Week 48 window timepoint are summarized in Table 
39 in Appendix III.16.3. Reasons for failure also include withdrawal of consent, withdrawal to 
initiate HCV therapy, incorrect enrollment (HBV infection at baseline), premature
discontinuation for adverse events, and loss of follow-up.
Using the pooled trial data, the statistical review explored outcomes by both baseline HIV-1
RNA and CD4+ cell count strata in a cross-tabulation fashion (Table 12) with the goal of 
identifying any patterns in virologic success by both factors. The overall finding from this 
analysis is that the differences between treatment arms among subjects with low baseline CD4+

cell counts ( 200) is consistent by baseline viral load category. Specifically, regardless of 
baseline HIV-1 RNA, in the 200 CD4+ cell count subgroup, the difference in virologic success 
rates favors the active comparator (-15% and -11% in GEMINI-1 and GEMINI-2, respectively). 
The corresponding confidence intervals around these differences are wide due to the small 
sample sizes in these subgroups. As summarized by the Applicant, a higher rate of treatment 
failure in subjects with baseline CD4+ cell counts 3 compared to those with CD4+

cell counts >200 cells/mm3 has been observed in other studies of treatment-naïve HIV-1-infected 
subjects. In GEMINI-2, the response rate in the CD4+ cell count 3 subgroup in the 
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DTG+3TC treatment arm is consistent with Week 48 response rates in the CD4+ cell count 
cells/mm3 subgroup seen in other recent trials of INSTI-based ART and other recently approved 
antiretroviral agents (Gallant et al. 2017; Molina et al. 2018; Orkin et al. 2018).
In summary, the subgroup analyses in both trials support the statements in the label, lower 
response rates (HIV-1 RNA <50 copies/mL) were observed in subjects with baseline CD4+ cell 
counts 3. These findings were irrespective of baseline plasma HIV-1 RNA. With 
the exception of one subject treated with DTG+3TC in GEMINI-1 who was withdrawn due to 
confirmed loss of virologic response, none of the subjects treated with DTG+3TC who did not 
have HIV-1 RNA <50 copies/mL at Week 48 (based on Snapshot Algorithm) were discontinued 
for treatment-related reasons by Week 48. Another subject in GEMINI-1 whose last HIV-1 RNA 
was 64,366 copies/mL was lost to follow-up.
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Table 11. HIV-1 RNA <50 copies/mL by Baseline CD4+ Cell Count, GEMINI-1 and GEMINI-2, Week 48

Baseline CD4+ Cell Count

GEMINI-1 GEMINI-2 Pooled
DTG+3TC
(n=356)
n/N (%)

DTG+TDF/FTC
(n=358)
n/N (%)

DTG+3TC
(n=360)
n/N (%)

DTG+TDF/FTC
(n=359)
n/N (%)

DTG+3TC
(n=716)
n/N (%)

DTG+TDF/FTC
(n=717)
n/N (%)

3 25/31 (81) 26/29 (90) 25/32 (78) 25/26 (96) 50/63 (79) 51/55 (93)
Reasons for failure
HIV-1 opies/mL 3 (9.7) 2 (6.9) 4 (12.5) 0 (0) 7 (11.1) 2 (2.2)
No virologic data 3 (9.7) 1 (3.4) 3 (9.4) 1 (3.8) 6 (9.5) 2 (2.2)
Adjusted difference^ (95% CI) -7.17 (-24.5, 10.1) -18.0 (-34.3, -1.7) -13.0 (-25.1, -0.9)
Unadjusted difference (95% CI) -9.0 (-26.8, 10.0) -18.0 (-33.5, 0.8) -13.4 (-25.2, -0.4)
>200 cells/mm3 295/325 (91) 306/329 (93) 310/328 (95) 312/333 (94) 605/653 (93) 618/662 (93)
Reasons for failure
HIV-1 opies/mL 10 (3.1) 4 (1.2) 3 (0.9) 7 (2.1) 13 (2.0) 11 (1.7)
No virologic data 20 (6.2) 19 (5.8) 15 (4.6) 14 (4.2) 35 (5.4) 33 (5.0)
Adjusted difference^ (95% CI) -2.2 (-6.4, 2.0) 0.8 (-2.8, 4.4) -0.7 (-3.5, 2.1)
Unadjusted difference (95% CI) -2.2 (-6.5, 2.0) 0.8 (-2.8, 4.5) -0.7 (-3.5, 2.1)
P-value, heterogeneity 0.47 0.03 0.10
^Adjusted difference (DTG+3TC – DTG+TDF/FTC) using a stratified analysis with Cochran-Mantel-Haenszel (CMH) weights, adjusted by baseline HIV-1 RNA ( 100,000 versus
>100,000 copies/mL)
Source: Table created using of adsl.xpt, adsnap.xpt

Table 12. Pooled Data: Cross Tabulation Analysis of Week 48 Virologic Success (HIV-1 RNA <50 copies/mL) by Baseline HIV-1 RNA and 
CD4+ Cell Count

Virologic Success by Baseline Characteristic
DTG+3TC
(n=716)

DTG+TDF/FTC
(n=717) Difference, 95% CI

HIV-1 RNA n/N (%) n/N (%)

CD4+ 3 28/34 (82.4) 31/32 (96.9) -14.5 (-28.7, 1.6)

CD4+ cell count >200 cells/mm3 498/542 (91.9) 500/532 (94) -2.1 (-5.2, 1.0)

HIV-1 RNA >100,000 copies/mL n/N (%) n/N (%)

CD4+ 3 22/29 (75.9) 20/23 (87) -11.1 (-30.9, 11.3)

CD4+ cell count >200 cells/mm3 107/111 (96.4) 118/130 (90.8) 5.7 (-0.9, 11.8)
Virologic success defined as achieving an HIV-1 RNA <50 copies/mL at Week 48 by FDA Snapshot method; Source: Table created using adsnap.xpt, adsl.xpt
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6.4.2. Screening HIV-1 RNA Capped 
copies/mL and the Impact on Labeling

Issue
The review team had concerns about initiating phase 3 trials with DTG+3TC in the absence of 
additional supporting data. The primary concern was the durability and potential development of 
resistance efficacy of a two-drug regimen in treatment-naïve HIV-1 infected subjects with high 
baseline HIV-1 RNA. Therefore, the initial protocol excluded subjects with screening HIV-1
RNA of >100,000 copies/mL. When the interim data became available that included outcomes 
from subjects with baseline HIV-1 RNA >100,000 copies/mL from two separate trials (PADDLE 
and ACTG 5353), and after the results were deemed acceptable, the inclusion criterion for 
GEMINI-1 and GEMINI-2 was amended to include subjects with screening HIV-1 RNA 

recommendation to not include any upper limit for entry HIV-1 RNA levels (please also refer to 
Appendix III.12, Summary of Regulatory History).

Conclusion
Despite the eligibility criteria restriction of HIV-
product label will not restrict the use of DTG/3TC to subjects with HIV-
copies/mL. The review team’s rationale for this conclusion is based on the efficacy data 
collected from 28 subjects with baseline HIV-1 RNA > 500,000 copies/mL. Of note, up to 35 
days were allowed between screening and randomization; therefore, outcomes for these 28 
subjects are available because their viral loads increased after their screening visits. Although 
numeric differences were seen, the review team did not have concerns with HIV-1 RNA 
suppression among subjects with baseline HIV-1 RNA >500,000 copies/mL over 48 weeks.

Team Assessment
The key conclusions are based on the following data summarized in Table 13:

Less than 2% of all subjects randomized across GEMINI-1 and GEMINI-2 had a baseline 
HIV- the proportions of subjects with HIV-1
RNA <50 copies/mL at Week 48 are similar between treatment arms (85% versus 80%; 
DTG+3TC versus DTG+TDF/FTC, respectively) based on pooled results. The 
inconsistent results noted across trials are likely due to the limited sample size.
No clinically relevant differences were observed with respect to the proportions of 
subjects with HIV-1 RNA <50 copies/mL at 48 weeks among the subgroup of subjects 
with HIV-1 RNA >100,000 to 500,000 copies/mL, which may give some reassurance of
similar outcomes despite high baseline viral loads.
Subjects with higher baseline viral loads may take longer to achieve virologic 
suppression (HIV-1 RNA <50 copies/mL). The median time to suppression was 
approximately 4 weeks among the subgroup of subjects with baseline HIV-1 RNA 

-1 RNA >100,000 to 

difference in the median time to suppression between treatment arms in either subgroup 
was observed, and there was no indication that a baseline HIV-1 RNA >500,000 
copies/mL had a detrimental impact on virologic suppression through Week 48.

Reference ID: 4416188



NDA 211994
Dolutegravir and lamivudine (DOVATO)

32
Integrated Review Template, version date 2019/03/29

Table 13: HIV-1 RNA <50 copies/mL by Screening and Baseline HIV-1 RNA, GEMINI-1 and GEMINI-2, Week 48
GEMINI-1 GEMINI-2 Pooled

DTG+3TC
(n=356)
n/N (%)

DTG+TDF/FTC
(n=358)
n/N (%)

DTG+3TC
(n=360)
n/N (%)

DTG+TDF/FTC
(n=359)
n/N (%)

DTG+3TC
(n=716)
n/N (%)

DTG+TDF/FTC
(n=717)
n/N (%)

Screening HIV-1 RNA (copies/mL)
263/288 (91.3) 270/290 (93.1) 261/282 (92.6) 266/280 (95) 524/570 (91.9) 536/570 (94.0)

Diff1 (95% CI) -1.8 (-6.3, 2.7) -2.4 (-6.7, 1.6) -2.1 (-5.1, 0.9)
57/67 (85.1) 61/67 (91) 74/78 (94.9) 71/79 (89.9) 131/145 (90.3) 132/146 (90.4)

Diff (95% CI) -6.0 (-17.7, 5.4) 5.0 (-3.8, 14.4) -0.1 (-7.1, 7.0)
>500,000 0/1 (0) 1/1 (100) - - 0/1 (0) 1/1 (100)

Diff (95% CI) - - -
Baseline HIV-1 RNA (copies/mL)

255/282 (90.4) 263/282 (93.3) 271/294 (92.2) 268/282 (95.0) 526/576 (91.3) 531/564 (94.1)
Diff (95% CI) -2.8 (-7.5, 17.4) -2.9 (-7.1, 12.1) -2.8 (-5.9, 0.2)

63/70 (90) 63/69 (91.3) 55/57 (96.5) 63/69 (91.3) 118/127 (92.9) 126/138 (91.3)
Diff (95% CI) -1.3 (-11.8, 9.2) 5.2 (-4.3, 14.8) 1.6 (-5.3, 8.5)

>500,000 2/4 (50) 6/7 (85.7) 9/9 (100) 6/8 (75) 11/13 (84.6) 12/15 (80)
Diff (95% CI) -35.7 (-77.8, 20.3) 25 (-10.6, 60.0) 4.6 (-26.9, 34.1)

1 Diff = differences in proportion of subjects with HIV-1 RNA <50 copies/mL at Week 48 between treatment arms (DTG+3TC – DTG+TDF/FTC); 95% CIs calculated using a Wilson 
Score Method (note: The Applicant used the Wald method)
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7. Risk and Risk Management

7.1. Potential Risks or Safety Concerns Based on 
Nonclinical Data

DTG and 3TC prior approvals (NDAs 204790 and 00564, respectively) included comprehensive 
nonclinical packages. DTG and 3TC have adequate clinical experience with coadministration;
therefore, combination toxicity studies are not warranted to support marketing. The current 
product labeling adequately reflects the current knowledge concerning potential safety risks 
identified in nonclinical studies.

7.2. Potential Risks or Safety Concerns Based on 
Drug Class or Other Drug-Specific Factors

The primary safety concerns of DTG/3TC are based on clinical experience with the individual 
components. Lamivudine has been associated with serious adverse reactions such as 
exacerbation of hepatitis in HBV-coinfected patients who discontinue 3TC, lactic acidosis, 
hepatomegaly, pancreatitis and neuropathy. These risks are consistent with the NRTI drug class;
however, reports of many of these reactions were observed with concomitant use of zidovudine 
(AZT) or other NRTIs as ARV regimens have generally consisted of at least two NRTIs. Serious 
adverse reactions associated with DTG include hypersensitivity, hepatotoxicity, and embryo-
fetal toxicity (e.g., neural tube defects, when used at the time of conception and in early 
pregnancy). Other potential INSTI toxicities reported in the literature and discussed in treatment 
guidelines include neuropsychiatric symptoms, specifically depression, suicidal ideation, 
attempt, behavior or completion and weight gain. The Applicant identified seizures as a potential 
new safety concern for DTG; however, the two reported events were unrelated to the study drug. 
Please refer to Section II.7.6.6, Adverse Events of Special Interest, for further details. 

7.3. Potential Safety Concerns Identified Through 
Postmarket Experience

In its proposed FDC formulation, DOVATO is not marketed in any other country. As previously 
mentioned; however, the individual components have been marketed either as individual drugs 
(e.g., TIVICAY® and EPIVIR®) or together as components in other FDCs (e.g., TRIUMEQ®).
Safety concerns with 3TC are well described as above through postmarketing experience since 
its approval in 1995. 
TIVICAY (dolutegravir, DTG) was approved in 2013 and therefore has less postmarketing 
experience than lamivudine. In 2015, neuropsychiatric reactions (i.e., depression and suicidal 
behaviors in those with past history of depression) were identified as an important potential risk 
with DTG with possible class-association with INSTIs. Other reactions from postmarketing 
experience with DTG were recently added to the labeling and include acute hepatic failure, 
myalgia and arthralgia, anxiety, and weight gain. Neural tube defects were identified from an 
unplanned interim analysis of an observational study (the Tsepamo Study) of ART (DTG based 
regimen or EFV based regimen) in pregnant women in Botswana. An FDA Drug Safety 
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Communication was announced and product labeling was updated in September 2018 (Food and 
Drug Administration 2018).
Although the Treatment Guidelines Panel does not currently recommend DTG+3TC as a 
complete regimen (except when ABC, TAF, or TDF cannot be used or are not optimal), 
additional studies are described in published literature with respect to the safety experience with 
DTG+3TC in the treatment-naïve patient population (Panel on Antiretroviral Guidelines for 
Adults and Adolescents and Department of Health and Human Services). The following table 
(Table 14) summarizes these studies and important safety events reported. The trials were all 
single-arm and comparisons of safety outcomes were not done.

Table 14. Clinical Experience with Dolutegravir and Lamivudine as a Complete Regimen in 
Published Literature
Article/NCT# Study Design Size Duration Important Safety Events

Cahn et al.1
(PADDLE)
NCT02211482

Single arm, 
treatment-naïve, 
HIV-1 RNA 

copies/mL

20 48 weeks
One completed suicide, Grade 3 
proteinuria, increased creatine 
kinase, and hematuria

Figueroa et al.2
(PADDLE)
NCT02211482

Single arm, 
treatment-naïve, 
HIV-1 RNA 

copies/mL

15 96 weeks Grade 3 increased cholesterol, 
proteinuria

Taiwo et al.3,4

(ACTG A5353)
NCT02582684

Single arm, 
treatment-naïve, 
HIV-1 RNA 

copies/mL

120 52 weeks

One subject with virologic failure
acquired M184V and R263R/K.
Sixteen (13%) Grade 3 or 4 events.
Six events were considered possibly 
related to DTG+3TC including 
change in creatinine clearance (2), 
angioedema (1), paresthesia (1), 
palpitations (1), and suicidal ideation 
(1).

1 (Cahn et al. 2017)
2 (Figueroa et al. 2017)
3 (Taiwo et al. 2018)
4 (Nyaku et al. 2019)
Abbreviations: 3TC, lamivudine; ART, antiretroviral therapy; DTG, dolutegravir; HIV, human immunodeficiency virus; RNA, 
r bonucleic acid.
Source: Reviewer analysis and summary

Of note, one subject who was a virologic failure in the ACTG A5353 study acquired resistance 
substitutions M184V (associated with resistance to lamivudine and emtricitabine) and R263R/K
(which confers low-level resistance to DTG but results in a virus with decreased viral fitness).
The author attributed the virologic failure to suboptimal DTG exposures, likely indicative of 
non-adherence. ACTG A5353 was the first study to report the 263K substitution in a treatment-
naïve individual receiving DTG. Please refer to Section 7.7.1 for further discussion regarding the 
risk of treatment-emergent resistance with DTG+3TC.
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7.4. FDA Approach to the Safety Review
Approach to Assessment of Clinical Trial Data
Data from the phase 3 trials in treatment-naïve HIV-1 infected subjects (GEMINI-1 and 
GEMINI-2) were analyzed both individually and pooled to support the comparison of safety with 
DTG+3TC (50 mg of DTG and 300 mg of 3TC) once daily versus DTG+TDF/FTC (50 mg of 
DTG + 300 mg/200 mg of TDF/FTC). However, because the two trials were essentially 
identical, conducted concurrently, and achieved enrollment of patient populations with similar 
demographic and baseline characteristics, pooling of the trials is appropriate. In this review, 
safety analyses will be presented with pooled data, and results of individual trials are highlighted 
where important differences may have emerged.
Clinical trial data were independently analyzed in JMP, MAED and JReview. All safety 
assessments and conclusions are those of the clinical review team unless otherwise specified.
The Applicant submitted a 60-day Safety Update Report (SUR) on December 17, 2018. The 
SUR included a summary of new deaths, serious adverse events (SAEs), adverse events (AEs) 
leading to withdrawal (including laboratory abnormalities), and pregnancies received up to the 
date of this submission (October 18, 2018). Note: the data cut-off date for both GEMINI-1 and 
GEMINI-2 in the original NDA was May 22, 2018. Additionally, available preliminary blinded 
safety data from Study 204862 (TANGO), an ongoing trial in treatment-experienced HIV-1
infected subjects, are also be included in the SUR. Deaths, SAEs, and discontinuations due to 
AEs reported in the SUR are included in the relevant safety sections.
Prespecified testing was not proposed for safety outcomes. Comparisons, however, are based on 
descriptive analyses. As a general principle for deriving attribution of a safety event between 
arms, comparisons of events due to DTG are limited because both arms in both GEMINI trials 
included DTG. Although the NRTI backbones differ between the arms, 3TC and FTC have been 
shown to be similar enough in clinical experience that some preliminary conclusions may be 
drawn relating to the presence or absence of TDF in the two-drug DTG+3TC regimen versus the 
three-drug DTG+TDF/FTC regimen.

Adequacy of Applicant’s Clinical Safety Assessments
The review team did not identify any major data quality or integrity issues that preclude 
performing a safety review. No major issues were identified with respect to recording, coding, 
and categorizing adverse events (AEs). The Applicant’s translations of verbatim terms to 
Medical Dictionary for Regulatory Activities (MedDRA) preferred terms for the events reported 
in GEMINI-1 and GEMINI-2 were reviewed and found to be acceptable.
Adverse Events (AE) were protocol-defined as: “An AE is any untoward medical occurrence in a
patient or clinical investigation subject, temporally associated with the use of a medicinal 
product, whether or not considered related to the medicinal product.”
Treatment-emergent adverse events (TEAEs) were defined in the Applicant’s analysis, and for
the purpose of this review, as any AE that occurred on or after the day of treatment initiation.
Adverse drug reactions (ADRs) were defined for the purpose of this review as any TEAE that 
was considered by the investigator to be related to the study drug within reasonable possibility. A 
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"reasonable possibility" is meant to convey that there are facts or evidence or arguments to 
suggest a causal relationship, rather than a relationship cannot be ruled out.
Serious Adverse Events (SAEs) were protocol-defined as any untoward medical occurrence that, 
at any dose:

a. Results in death
b. Is life-threatening
c. Requires hospitalization or prolongation of existing hospitalization (except for elective 

treatment of a pre-existing condition that did not worsen at baseline)
d. Results in disability/incapacity
e. Is a congenital anomaly/birth defect
f. Other situations, including medical/scientific judgement or events that require invasive 

treatment (e.g., convulsions) that do not result in hospitalization
g. Is associated with liver injury and impaired liver function defined as: 

Alanine aminotransferase (ALT) upper limit of normal (ULN) and total 

International Normalized Ratio >1.5.
Sentinel Events were defined by the Applicant as an SAE that is not necessarily drug-related but 
has been associated historically with adverse reactions for other drugs and is, therefore worthy,
of heightened pharmacovigilance.
All AEs were graded, as specified in the protocols for the GEMINI trials, according to the 
Division of Acquired Immunodeficiency Syndrome (DAIDS) toxicity scales (U.S. Department of 
Health and Human Services et al. 2014).

7.5. Adequacy of the Clinical Safety Database
Overall, the safety database is comprehensive and adequate to assess the safety of DTG+3TC 
compared to DTG+TDF/FTC for the proposed indication, dosage regimen, duration, and patient 
populations. A summary of exposures are shown below in Table 15. Across the two identical 
trials, GEMINI-1 and GEMINI-2, 1,433 subjects received at least one dose of study drug (both 
arms included DTG 50 mg), 716 subjects received at least one dose of DTG+3TC, and 717
subjects received at least one dose of DTG+TDF/FTC. The 642 subjects who received the 
intended DTG+3TC for at least 48 weeks exceeds the sample size recommended in the FDA 
Guidance for Industry (Food and Drug Administration 2015). The Guidance recommends a 
sample size of 300 to 500 subjects for initial approval in treatment-naïve HIV-1 infected adult 
subjects.
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Table 15. Duration of Exposure, Pooled Safety Population (Week 48)

Parameter

DTG+3TC
50 mg + 300 mg

n=716

DTG+TDF/FTC
50 mg + 200 mg/300 mg

n=717
Duration of treatment (weeks)

Mean (SD) 59.0 (13.6) 59.1 (13.3)
Median (min, max) 60.1 (0.3, 85.7) 60.1 (0.3, 85.9)

Patients treated, by duration, n (%)
Any duration (at least 1 dose) 716 (100%) 717 (100%)
<4 weeks 6 (0.8%) 5 (0.7%)
4 weeks 710 (99.2%) 712 (99.3%)
12 weeks 702 (98.0%) 704 (98.2%)
24 weeks 691 (96.5%) 690 (96.2%)
48 weeks 642 (90.0%) 648 (90.4%)
72 weeks 149 (20.8%) 151 (21.1%)
96 weeks 0 0

Source: Table 3.1, .5.3.5.3. and Reviewer Analysis of ADEX (Exposure Analysis Dataset).
Abbreviations: 3TC, lamivudine; DTG, dolutegravir; FTC, emtricitabine; SD, standard deviation; TDF, tenofovir disoproxil fumarate.

The data cut-off for Week 48 database in the GEMINI trials pooled analysis was May 22, 2018.
According to the SUR, cumulative to October 18, 2018, the median time of exposure to 
DTG+3TC or DTG+TDF/FTC was 589 days (approximately 84 weeks). Because the GEMINI 
trials are ongoing, longer-term data are expected. Nevertheless, the clinical safety database is 
adequate to assess overall safety reflective of the proposed use.

7.6. Safety Findings and Safety Concerns Based 
on Review of the Clinical Safety Database

The safety evaluation for DTG+3TC was adequate, and the demonstrated safety profile of 
DTG+3TC in the treatment-naïve HIV population is acceptable for the indicated dose and 
population studied. DTG+3TC treatment had similar or less frequent treatment-emergent AEs 
compared to DTG+TDF/FTC. No clear pattern with reported deaths suggest a specific safety 
concern. Rates of discontinuation due to AEs were low and no trends or clustering of serious 
AEs were identified in either trial. The most commonly reported treatment-emergent adverse 
drug reactions (ADRs) were headache, nausea, diarrhea, insomnia, fatigue and dizziness, of 
which the majority of events were mild in severity.
Our overall safety assessment is based on data summarized in the following respective 
subsections.

7.6.1. Overall Adverse Event Summary
An overall summary of the TEAEs in GEMINI-1 and GEMINI-2 through 48 weeks is presented 
in Table 16. Reports of any AE and drug-related AEs occurred slightly more frequently in the 
DTG+TDF/FTC arm (80.8% and 23.6%, respectively) compared to the DTG+3TC arm (76.1% 
and 17.6%, respectively). Severe AEs (Grade 3 or higher) and AEs leading to withdrawal of 
study drug were reported at similar rates. Differences in rates of events are presented for 
descriptive analysis where there may be clinically relevant trends, but no statistical testing was 
pre-specified to demonstrate superiority for any specific safety outcome. For example, 
numerically fewer drug-related adverse events were observed in the DTG+3TC arm compared to 
DTG+TDF/FTC, but SAEs and AEs leading to discontinuation were similar between both arms.
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Table 16. Overview of Adverse Events1 through 48 weeks for GEMINI-1 and GEMINI-2

Event

DTG+3TC
N=716
n (%)

DTG+TDF/FTC
N=717
n (%)

Any AE 545 (76.1) 579 (80.8)
Severe or potentially life-threatening2 46 (6.4) 56 (7.8)
Grade 13 139 (19.4) 154 (21.5)
Grade 23 358 (50.0) 369 (51.5)
Grade 33 38 (5.3) 51 (7.1)
Grade 43 8 (1.1) 5 (0.7)

Drug-related AE4 126 (17.6) 169 (23.6)
Severe or potentially life-threatening2 7 (1.0) 8 (1.1)

Serious Adverse Event 50 (7.0) 55 (7.7)
Drug-related SAE 4 (0.6) 4 (0.6)
SAEs with Fatal Outcome5 2 (0.3) 0

AE leading to withdrawal of study drug6 15 (2.1) 16 (2.2)
Drug-related AE leading to withdrawal of study drug 6 (0.8) 9 (1.3)

AE leading to interruption of study drug 1 (0.1) 3 (0.4)
1 Includes treatment-emergent AE defined as AE occurring or worsening after treatment initiation
2 Non-fatal, Grade of 3 or 4 maximum toxicity based on DAIDS version 2.0 (2014)
3 Maximum toxicity Grade
4 Drug-related AE as determined by the investigator
5 No drug-related SAE had a fatal outcome
6 Note: subjects who had study drug withdrawn may not have been withdrawn from the study. If subjects were ultimately withdrawn
from the study, other reasons included loss to follow-up or meeting a protocol-specified criterion for withdrawal. The AEs must have 
occurred within the Week 48 treatment period and led to discontinuation, regardless of whether the discontinuation occurred within 
or outside the Week 48 treatment period.
Abbreviations: 3TC, lamivudine; AE, adverse event; DTG, dolutegravir; FTC, emtricitabine; SAE, serious adverse event; TDF, 
tenofovir disoproxil fumarate.
Source: Reviewer’s analysis of integrated summary of safety (ISS) ADSL, ADDS and ADAE datasets

According to the SUR, from May 23, 2018 to October 18, 2018, eight subjects in the DTG+3TC 
arm reported eight new SAEs, and seven subjects in the DTG+TDF/FTC arm reported eight new 
SAEs. Four subjects in the DTG+3TC arm and two subjects in DTG+TDF/FTC experienced AEs 
leading to withdrawal or permanent discontinuation.

7.6.2. Deaths
Two fatal serious adverse events were reported (Table 17). Both events occurred in the 
DTG+3TC treatment arm in GEMINI-2, but neither were considered by the investigator to be 
related to the study drug.

Table 17. Deaths, GEMINI-1 and GEMINI-2, Week 48 Safety Population
DTG+3TC

N=716, n (%)
DTG+TDF/FTC
N=717, n (%)

Total deaths 2 (<0.1) 0
Burkitt’s lymphoma 1 (<0.1) 0
Acute myocardial infarction 1 (<0.1) 0

Abbreviations: 3TC, lamivudine; DTG, dolutegravir; FTC, emtricitabine; TDF, tenofovir disoproxil fumarate.
Source: Reviewer’s analysis of narratives and JReview GPP

Although both events occurred in the DTG+3TC arm, we agree with the investigators’
assessment that the deaths were unrelated to the study drug and do not represent a significant 
imbalance compared to DTG+TDF/FTC. Please refer to Appendix III.17 for detailed narratives.
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In the SUR, one death (subject 204862. ) was reported due to a gunshot wound on Day 32. 
This was a 33 year-old black or African-American female in the DTG+3TC arm. The report did 
not provide any additional detail, but we agreed with the investigator and considered the events 
unrelated to the study drug.

7.6.3. Serious Adverse Events
The most commonly reported SAE was Hepatitis A infection. During the time periods GEMINI-
1 and GEMINI-2 were conducted, between June 2016 and mid-May 2017, an unusual increase in 
cases of hepatitis A affecting mainly men who have sex with men was reported by the World 
Health Organization in the European Region and in the Americas (Chile and the United States). 
Consistent with these reports, SAEs due to Hepatitis A in the GEMINI trials were mostly in men 
who have sex with men located in Europe (four in Italy, three in Spain, and one each in Portugal, 
Belgium, Romania and Russia). Treatment was interrupted, then subsequently restarted, for most 
of these subjects. A summary of SAEs occurring in more than one subject in the DTG+3TC arm 
are summarized in Table 18.

Table 18. Serious Adverse Events Occurring in More than One Subject in DTG+3TC Arm, GEMINI-1
and GEMINI-2, Week 48 Safety Population

Dictionary-Derived Term

DTG+3TC (N=716) DTG+TDF/FTC (N=717)
Number of 

events
Number of 

subjects (%)
Number of 

events
Number of 

subjects (%)
Any serious adverse event 54 50 (7.0) 61 55 (7.7)
Hepatitis A 6 6 (0.8) 7 7 (1.0)
Suicide attempt 4 4 (0.6) 1 1 (0.1)
Anogenital warts 3 3 (0.4) 3 3 (0.4)
Acute hepatitis C 2 2 (0.3) 1 1 (0.1)
Pneumonia 2 2 (0.3) 2 2 (0.3)
More than one AE may have occurred per subject. Data Source: Revised SDTM AE and ADAE datasets in the ISS. Analysis by 
MAED. 

No fatal drug-related SAEs (relationship of the AE to study drug as determined by the 
investigator) occurred during the trials. Non-fatal drug-related SAEs occurred in four subjects in 
each treatment arm (<1% of subjects in the pooled group). Most were in the Psychiatric disorders 
System Organ Class (SOC). In the DTG+3TC arm, one subject each experienced one of the 
following drug-related SAEs: substance-induced psychotic disorder, psychotic disorder, suicidal
ideation, and hepatotoxicity. In the DTG+TDF/FTC arm, one subject each experienced one of 
the following: rhabdomyolysis, cholelithiasis, suicide attempt, suicidal ideation. Study drug was 
withdrawn due to all events except one (Subject 205543. , cholelithiasis). All of the 
subjects were male except one (Subject 204861 , rhabdomyolysis). Please refer to Table 
40 in the Appendix for additional detail.

7.6.4. Dropouts and/or Discontinuations Due to 
Adverse Events

Rates of AEs leading to discontinuation were low in the GEMINI trials: 2.1% of subjects 
receiving DTG+3TC versus 2.2% of subjects receiving DTG+TDF/FTC. Except for hepatitis A, 
no single MedDRA preferred term was reported in more than one subject in the DTG+3TC arm 
(see Table 19 below for a summary and Table 42 in Appendix III.17.4 for a complete listing of 
AEs leading to discontinuation). However, most of the discontinuations with DTG+3TC were 
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due to neuropsychiatric events (terms under the neurological disorders and psychiatric disorders 
SOC): anxiety, depression, insomnia, psychotic disorder, sleep disorder, substance-induced 
psychotic disorder, suicidal ideation and suicide attempts. These eight events were experienced 
by six subjects (<1%). Neuropsychiatric events have also been previously reported as a possible 
class-association with INSTIs. Psychiatric disorders are included under “Less Common Adverse 
Reactions Observed in Treatment-Naïve and Treatment-Experienced Trials” in Section 6.1 of the 
TIVICAY (dolutegravir) label. Psychiatric ADRs occurred in less than 2% of subjects receiving 
DTG and are described as follows: “Suicidal ideation, attempt, behavior, or completion. These 
events were observed primarily in subjects with a pre-existing history of depression or other 
psychiatric illness.” For DTG+3TC, because most of the AEs leading to discontinuation were 
under the psychiatric SOC, we agree with the Applicant’s proposal to include the following 
statement: “The most common adverse events leading to discontinuation were psychiatric 
disorders: <1% of subjects in both treatment arms.” For further discussion, please refer to 
Section II.7.6.6. We also agree with the inclusion of “insomnia” as one of the most common 
adverse drug reactions in Section 6.1 of the label. Common ADRs are discussed in the next 
section (Section II.7.6.5). Of note, two of the events listed in the DTG+3TC arm, “Burkitt’s 
lymphoma” and “acute myocardial infarction,” were fatal events previously discussed in Section 
7.6.2. These events were not considered to be related to DTG+3TC.

Table 19. Summary of AEs Leading to Discontinuation Reported in 1 Subject in the DTG+3TC
Arm, GEMINI-1 and GEMINI-2, Week 48 Safety Population

DTG+3TC (N=716) DTG+TDF/FTC (N=717)
Number of 

Events
Number of 

Subjects (%)
Number of 

Events
Number of 

Subjects (%)
Any AE leading to discontinuation 18 15 (2.1) 18 16 (2.2)
Hepatitis A 2 2 (<1) 1 1 (<1)
Acute hepatitis C 1 1 (<1) 0 0
Acute myocardial infarction 1 1 (<1) 0 0
Anxiety 1 1 (<1) 1 1 (<1)
Burkitt's lymphoma 1 1 (<1) 0 0
Depression 1 1 (<1) 1 1 (<1)
Hepatitis alcoholic 1 1 (<1) 1 1 (<1)
Hepatotoxicity 1 1 (<1) 0 0
Insomnia 1 1 (<1) 0 0
Psychotic disorder 1 1 (<1) 0 0
Pulmonary tuberculosis 1 1 (<1) 0 0
Renal impairment 1 1 (<1) 2 2 (<1)
Sleep disorder 1 1 (<1) 0 0
Substance-induced psychotic disorder 1 1 (<1) 0 0
Suicidal ideation 1 1 (<1) 1 1 (<1)
Suicide attempt 1 1 (<1) 1 1 (<1)
Tuberculous pleurisy 1 1 (<1) 0 0
More than one AE may have occurred per subject. Includes discontinuations of study drug or withdrawal from the study. 
Data Source: Revised SDTM AE and ADAE datasets in the ISS. Analysis by MAED. 
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7.6.5. Adverse Drug Reactions
For this review, adverse drug reactions (ADRs) were defined as any event that was treatment-
emergent and was considered to be related to the study drug as determined by the investigator. 
ADRs of any severity occurring 2% (in either treatment arm, rounded to single digit without 
decimals) in the GEMINI trials are recommended for inclusion in Section 6 (Adverse Reactions) 
of the DTG/3TC label. Table 20 includes ADRs occurring in DTG+3TC arm. The 
recommendation for including ADRs in any treatment group is because of the active control trial 
design (rather than a placebo control). Similar preferred terms are pooled for the ADRs of 
fatigue, as specified in the table footnote, to avoid splitting and thus underestimation of these 
ADRs.

Table 20. Adverse Drug Reactions Reported in 1% in the DTG+3TC arm, All Grades, GEMINI-1
and GEMINI-2, Week 48 Safety Population

DTG+3TC (N=716) DTG+TDF/FTC (N=717)
Number of 

Events
Number of 

Subjects (%)
Number of 

Events
Number of 

Subjects (%)
Headache 24 21 (2.9) 32 30 (4.2)
Diarrhea 14 14 (2.0) 21 19 (2.7)
Nausea 14 14 (2.0) 41 39 (5.4)
Insomnia 13 13 (1.8) 19 18 (2.5)
Fatigue1 11 11 (1.5) 12 12 (1.7)
Anxiety 8 8 (1.1) 5 5 (0.7)
Dizziness 10 8 (1.1) 13 13 (1.8)
Somnolence 8 8 (1.1) 7 7 (1.0)
Abnormal dreams 7 7 (1.0) 3 3 (0.4)
An adverse drug reaction (ADR) may have occurred more than once per subject. ADRs are sorted in descending order of incidence 
in the DTG+3TC arm.
1 Includes pooled terms: fatigue, asthenia, malaise.
Data Source: Revised ADAE datasets in the integrated summary of safety (ISS). Analysis by MAED and JReview.

Most ADRs in DTG+3TC-treated subjects were mild in severity. The following statement was
also recommended to be included in the label as a footnote to the table of ADRs in Section 6.1 
(Clinical Trial Experience): “T
of subjects treated with [DTG+3TC] was headache (1%).” Somnolence was the only common 
drug-related event observed with the combination that is not already listed in the label for either 
DTG or 3TC, and was recommended for inclusion in the DTG/3TC label as a “Less Common 
Adverse Reaction” in Section 6.1.

The following forest plot (Figure 1) summarizes the risk differences of adverse events by 
treatment arm, including groupings by MedDRA High-Level Term (HLT), High-Level Group 
Term (HLGT), and System Organ Class (SOC). The risk difference assessment is an exploratory 
post hoc analysis, therefore p-values are not shown. Any assumptions regarding clinical 
significance should be taken with caution. 
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Figure 1. Forest Plot of Risk Differences between Treatment Arms of Adverse Events by MedDRA 
Grouping, GEMINI-1 and GEMINI-2, Week 48 Safety Population

                 Higher risk with DTG+TDF/FTC Higher risk with DTG+3TC

Circle size correlates with the total number of subjects experiencing the AE, and bars represent upper/lower bounds of the 95% CI.
Black bars/circles indicate risk difference of AEs with 95% CI that span zero.
Red bars/circles indicate risk difference of AEs occurring more frequently in the DTG+TDF/FTC arm
Blue bars/circles indicate risk difference AEs occurring more frequently in the DTG+3TC arm. 
All adverse events are treatment-emergent and included regardless of investigator’s assessment of causality. Terms selected for 
inclusion based on significance of risk difference (DTG+3TC % – DTG+TDF/FTC %), which is presented along the x-axis.
Abbreviations: SOC, System Organ Class; HLGT, High-Level Group Term; HLT, High-Level Term; PT, Preferred Term; and NEC, 
not elsewhere classified.
Source: Reviewer’s analysis of ADAE datasets.

Nausea, rash pruritic and insomnia were among the AE terms reported more frequently in the 
DTG+TDF/FTC arm. Additionally, a cluster of other AEs related to infections (respiratory and 
viral), such as rhinorrhea, genital herpes, oral candidiasis, acute sinusitis, and nasopharyngitis, 
occurred more frequently in the DTG+TDF/FTC arm. Respiratory and viral infections are also 
reflected by higher frequency of related HLT and HLGTs. The explanation for the higher 
frequency of respiratory and viral infections is unclear, including whether the presence or 
absence of TDF is contributory to these findings.
There were fewer terms that occurred at significantly higher frequency in the DTG+3TC arm 
compared to the DTG+TDF/FTC arm. These included irritable bowel syndrome and lipid 
metabolism disorders. Given the small numbers, the differences observed in the frequencies of 
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these events may be due to random occurrence. Nevertheless, additional discussion of changes in 
lipid laboratory parameters are continued in Section II.7.6.6.

7.6.6. Adverse Events of Special Interest
This section provides an overview of the following adverse events of special interest based on 
concerns with either DTG or 3TC or INSTI or NRTI class events:

Hypersensitivity reactions (DTG)
Risk of hepatoxicity in HBV- and HCV-coinfected patients (DTG)
Embryo-fetal toxicity (DTG)
Neuropsychiatric events including on-treatment suicide-related events in those with past 
history of depression (DTG/INSTIs)
Weight gain (DTG/INSTIs)
Seizures as a potential new safety concern for DTG
Lactic acidosis and severe hepatomegaly with steatosis (3TC/NRTIs)

Events related to DTG (or INSTI) include hypersensitivity reactions, risk of hepatotoxicity in 
HBV- and HCV-coinfected patients, embryo-fetal toxicity (refer to Section II.8.4, Pregnancy and 
Lactation), neuropsychiatric events (including on-treatment suicide-related events in those with 
past history of depression), and weight gain are labeled events for DTG. The current labeling is 
adequate to convey these risks and do not warrant additional changes. A summary of these 
findings is included below. Seizures were reviewed in detail based on two sentinel reports and 
reports of seizure in subjects receiving a structurally similar investigational agent. Labeling is not 
recommended for seizures.
Lactic acidosis and severe hepatomegaly with steatosis are NRTI class-related events. Prior
reports of these reactions were observed with concomitant use of zidovudine or other NRTIs as 
ARV regimens have generally consisted of at least two NRTIs. No cases of lactic acidosis or
severe hepatomegaly with steatosis were reported in the GEMINI trials. The current labeling is 
adequate to convey this risk and no additional labeling is needed.

Hypersensitivity Reactions
In the original phase 3 trials of DTG, cases of hypersensitivity reaction were reported in 
treatment-naïve HIV-1 infected subjects. The observed cases of hypersensitivity reactions (HSR)
were confounded by concomitant abacavir use, albeit all subjects screened negative for HLA-
B*5701 prior to enrollment (HLA, human leukocyte antigen). HSR was seen in subjects who 
were HLA-B*5701 negative and abacavir skin patch test negative, which provided supportive 
evidence that DTG is associated with a risk for HSR. 
Overall four subjects (<1%) in the DTG+3TC arm and one subject (<1%) in the DTG+TDF/FTC 
had hypersensitivity-related adverse events. One Grade 3 drug event, in the DTG+TDF/FTC 
arm, was reported as “worsen allergic reaction” and was described as a hypersensitivity to a 
concomitant respiratory medication. All other events were in the DTG+3TC arm and were Grade 
1 or 2. Verbatim terms were “nonspecific allergic reaction,” “allergy to sulfa,” and 
“environmental allergy.” None of the events in either treatment arm recurred, were serious, were 
considered study drug-related, or led to withdrawal. For details, see Appendix III.17.5.1.
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Risk of Hepatotoxicity in HBV- and HCV-Coinfected Patients
In prior studies with DTG, a higher incidence of liver chemistry elevations were observed in 
subjects coinfected with HBV and/or HCV. Flares with initiation of therapy are likely a 
consequence of immune reconstitution syndrome. Subjects were excluded from the GEMINI 
trials if they had evidence of HBV infection at screening, if they had an anticipated need for 
hepatitis C therapy, or if they required initiation of interferon therapy. Subjects with severe 
hepatic impairment (Child-Pugh Class C) were also excluded. Based on screening criteria, there 
were no HBV-infected subjects in the GEMINI trials; however, two subjects were found to have 
HBV at baseline or after randomization. 
In the pooled treatment groups, a greater proportion of subjects had elevations of transaminases 
and bilirubin in HCV coinfected subjects compared with HCV-negative subjects for both 

in the 
DTG+3TC arm: 10 [1%]; in the DTG+TDF/FTC arm: 11 [2%]). Of these 21 cases, 20 had 
hepatitis virus infection (hepatitis A, B, and/or C) and the other case was attributed to a 
concomitant medication. The increased frequency of elevated transaminases and bilirubin with 
DTG-containing regimens in HCV-coinfected subjects in the GEMINI trials was consistent with 
prior clinical experience with DTG. For details, see Appendix III.17.5.3.

Neuropsychiatric Events, Including On-Treatment Suicide-Related Events in Those with 
Past History of Depression
Following approval of DTG in 2013, neuropsychiatric reactions (i.e., depression and suicidal 
behaviors in those with past history of depression) were identified as an important potential risk 
with DTG with possible class-association with INSTIs. These events are now included in Section 
6.1 as ADRs occurring in <2% of treatment-naïve or treatment-experienced subjects, and 
“Anxiety” is included in the Postmarketing Experience section of the DTG label (Section 6.2). 
Psychiatric AEs such as “Abnormal dreams” are also mentioned in association with other 
INSTIs. Pre-existing psychiatric history, particularly in patients with past history of depression,
appears to be a predisposing factor. 
A total of 86/716 (12%) subjects in the DTG+3TC arm and 72/717 (10%) subjects in the 
DTG+TDF/FTC arm reported a past history of depression at baseline. Among these subjects, the 
incidence of emergent depression was 10% (9/86) for the DTG+3TC group and 11% (8/72) for 
the DTG+TDF/FTC group. By comparison, in subjects without a past history of depression, 
emergent depression events occurred in 2% (13/630) of subjects in the DTG+3TC group and 2% 
(16/644) of subjects in the DTG+TDF/FTC group.
Overall, the psychiatric AE profile was comparable to the known safety profile of DTG. No
apparent additive or synergistic effect on the risk of suicide-related events in subjects taking 
DTG+3TC or DTG+TDF/FTC (beyond that expected for DTG or 3TC individually) were 
observed. However, the treatment-naïve population, particularly those with a past history of 
depression, may be more sensitive to the additional psychosocial stress associated with a new 
HIV-diagnosis compared to the treatment-experienced population. There were six suicide 
attempts, no completed suicides. One suicide attempt and one event of suicidal ideation were 
considered related to study drug. For details, see Appendices III.17.5.4 and III.17.5.5.
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Weight Gain
“Weight increased” was added to the DTG label in September 2018 based on postmarketing 
experience and may be associated with other INSTIs as a class effect. While the excess weight 
gained with INSTIs does not appear to be related to lipodystrophy, as previously observed with 
protease inhibitors or due to mitochondrial toxicity associated with NRTIs, a recent longitudinal 
study indicates that treatment-naïve patients starting an INSTI, especially DTG and RAL, are at 
higher risk of weight gain compared to older NNRTI-class regimens (Bourgi et al. 2019).
Weight and body mass index measurements are not available from the GEMINI trials for the 
Week 48 analysis; however, a protocol amendment allows for collection of these measures at the 
Week 96 and 144. Furthermore, because both arms include DTG, comparisons with non-INSTI-
based regimens cannot be made. Nevertheless, at the Week 48 analysis, AE events of “Weight 
increased” were reported in 16 (1%) of subjects in both arms. For details, see Appendix 
III.17.5.6.

Seizures
Two SAEs (in one subject each), which represent events not previously associated with DTG,
were identified by the Applicant as potential Sentinel Events. Given the prior histories with 
seizures, non-adherence with anticonvulsants, and/or recent history of substance abuse, we agree 
with the investigators’ assessment that the two seizure events were likely unrelated to DTG.
In a pooled analysis conducted by the Applicant, eight prior DTG studies (SPRING-1, SPRING-
2, SINGLE, FLAMINGO, VIKING, VIKING-3, VIKING-4 and SAILING) were combined to 
identify 1606 subjects who received DTG once daily and 237 subjects who received DTG BID. 
This pooled analysis showed that the incidence of seizure and related preferred terms (“grand
mal convulsion”, “epilepsy”) was <1% and none were drug-related. For details, see Appendix 
III.17.5.7.
Additionally, no published literature suggests an association with seizure to DTG. Given the 
overall low incidence of seizure in pooled analyses of DTG trials, continued routine 
pharmacovigilance is adequate to address this concern.

7.6.7. Laboratory Findings
Liver-related chemistry test results are listed in Table 21. The laboratory analyses from the 
GEMINI trials did not reveal any significant imbalances between treatment arm related to liver 
function, apart from slightly higher frequency of Grade 1 aspartate aminotransferase (AST),
alanine aminotransferase (ALT), alkaline phosphatase, and bilirubin in the DTG+TDF/FTC arm.
Grade 2 toxicities related to liver function were similar except for bilirubin, which also occurred 
more frequently in the DTG+TDF/FTC arm. However, Grade 3 and 4 toxicities were similar 
between arms. Grade 4 ALT elevations ( were generally higher than expected due to 
an outbreak of hepatitis A among men who have sex with men and were not considered drug 
related. One DTG+3TC-treated subject was considered by the investigator to be possible DTG-
related drug-induced liver injury. This case is discussed further in Appendix III.17. Although 
there appears to be sufficient evidence from the case narrative to support the association with 
DTG, the overall case incidence from the GEMINI trials is consistent with prior clinical trial 
experience with DTG. ALT elevations of greater than 3 × ULN in 2% to 5% of subjects were 
associated with DTG, but this rate was similar to comparator groups receiving matched 
background ART without DTG (National Library of Medicine and National Institute of Diabetes 
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and Digestive and Kidney Diseases 2018). The current DTG label is sufficient to describe the 
risk and recommendations for monitoring. Hepatotoxicity due to DTG in HBV- and HCV-
coinfected patients is also discussed further in Section II.7.6.6.

Table 21. Liver Function Tests, Subjects Meeting Laboratory Toxicity Criteria1 by Maximum Post-
Baseline Grade, GEMINI-1 and GEMINI-2, Week 48 Safety Population

DTG+3TC
(N=716)

DTG+TDF/FTC
(N=717)

Alanine Aminotransferase [ALT] (IU/L)
Grade 1 (1.25 to <2.5 × ULN) 43 (6%) 61 (9%)
Grade 2 (2.5 to <5.0 × ULN) 13 (2%) 20 (3%)
Grade 3 (5.0 to 10 × ULN) 8 (1%) 7 (<1%)
Grade 4 10 (1%) 11 (2%)

Alkaline Phosphatase (IU/L)
Grade 1 (1.25 to <2.5 × ULN) 8 (1%) 17 (2%)
Grade 2 (2.5 to <5.0 × ULN) 5 (<1%) 3 (<1%)
Grade 3 (5.0 to 10 × ULN) 0 1 (<1%)

0 0
Aspartate Aminotransferase [AST] (IU/L)

Grade 1 (1.25 to <2.5 × ULN) 43 (6%) 64 (9%)
Grade 2 (2.5 to <5.0 × ULN) 22 (3%) 19 (3%)
Grade 3 (5.0 to 10 × ULN) 7 (<1%) 17 (2%)

5 (<1%) 7 (<1%)
Bilirubin (μmol/L)

Grade 1 (1.1 to <1.6 × ULN) 45 (6%) 51 (7%)
Grade 2 (1.6 to <2.6 × ULN) 9 (1%) 17 (2%)
Grade 3 (2.6 to <5.0 × ULN) 2 (<1%) 6 (<1%)
Grade 4 ( × ULN) 5 (<1%) 1 (<1%)

Albumin (g/L)
Grade 1 (3.0 to < LLN) 0 1 (<1%)
Grade 2 (0.600 to 0.799) 1 (<1%) 0
Grade 3 (0.400 to 0.599) 0 1 (<1%)
Grade 4 (<0.400) 0 0

Source: Reviewer’s analysis of the ADLB analysis dataset and Applicant’s Table 3.55 in ISS
1 Division of AIDS (DAIDS) Table for Grading the Severity of Adult and Pediatric Adverse Events, Version 2.0 (2014)
Abbreviations: N, number of subjects; n, number of subjects with at least one event; 3TC, lamivudine; DTG, dolutegravir; FTC, 
emtricitabine; IU/L, international units per liter; LLN, lower limit of normal; TDF, tenofovir disoproxil fumarate; ULN, upper limit of 
normal

One of the most important safety concerns previously described with TDF, is the risk of 
nephrotoxicity and Fanconi syndrome, which is related to accumulation in and injury to the 
proximal tubules. This can manifest as a decline in glomerular filtration rate (GFR) and 
hypophosphatemia. In Table 22, postbaseline shifts in GFR (estimated by creatinine clearance 
and categorized by CKD-EPI (Chronic Kidney Disease Epidemiology Collaboration) eGFR 
stage) are summarized by baseline CKD-EPI eGFR stage. Most of the worsening shifts were 
incremental: either from Stage 1 (CKD- mL/min) to Stage 2 (eGFR 60 to 89
mL/min, or mild CKD) or from Stage 2 to Stage 3a (45 to 59 mL/min, or moderate CKD). 
However, a notable difference between treatment arms was observed and fewer subjects in the 
DTG+3TC arm experienced a worsening shift (either from Stage 1 to 2, or from Stage 2 to 3a) 
compared to the DTG+TDF/FTC arm. Also fewer subjects in the DTG+3TC arm had reports of
hypophosphatemia of Grade 2 or higher (see Table 49 in Appendix III.17). Although DTG is 
known to inhibit OCT2, mild serum creatinine elevations are expected to occur in both treatment 
groups, the absence of TDF in the DTG+3TC regimen could plausibly account for this trend in 
eGFR shifts.
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Table 22. Post-Baseline Shifts in CKD EPI GFR Stage by Baseline CKD EPI GFR Stage, GEMINI-1
and GEMINI-2, Week 48 Safety Population

CKD-EPI eGFR Baseline Stage CKD-EPI eGFR Stage
DTG+3TC
(N=716)

DTG+TDF/FTC
(N=717)

Any postbaseline CKD-EPI stage shift (worsening only) 281 (39.2%) 353 (49.2%)

Stage 1: CKD-EPI eGFR 90

Stage 2: eGFR 60-89 254 (35.5%) 295 (41.1%)
Stage 3a: eGFR 45-59 3 (0.4%) 12 (1.7%)
Stage 3b: eGFR 30-44 0 (0.0%) 1 (0.1%)
Stage 4: eGFR 15-29 0 (0.0%) 1 (0.1%)
Stage 5: eGFR <15 1 (0.1%) 0 (0.0%)

Stage 2: CKD-EPI eGFR 60-89
Stage 2: eGFR 60-89 3 (0.4%) 2 (0.3%)
Stage 3a: eGFR 45-59 17 (2.4%) 38 (5.3%)
Stage 3b: eGFR 30-44 4 (0.6%) 1 (0.1%)

Stage 3a: CKD-EPI eGFR 45-59 Stage 3b: eGFR 30-44 2 (0.3%) 4 (0.6%)
Stage 4: eGFR 15-29 0 (0.0%) 1 (0.1%)

Stage 3b: CKD-EPI eGFR 30-44 Stage 3a: eGFR 45-59 0 (0.0%) 1 (0.1%)
Stage 3b: eGFR 30-44 1 (0.1%) 1 (0.1%)

Abbreviations: 3TC, lamivudine; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; DTG, dolutegravir; eGFR, 
estimated glomerular filtration rate (mL/min); FTC, emtricitabine; TDF, tenofovir disoproxil fumarate
Source: Reviewer analysis of ADLB analysis datasets ISS, JReview

Hematology, lipid and other selected laboratory parameters (including creatine kinase, lipase, 
and glucose) were also reviewed. Tables presenting toxicity shifts from baseline are included in 
Appendix III.17. Trends were consistent with the patient population being studied and prior 
experience with INSTI+NRTI regimens. Although there were statistically significant shifts 
related to lipid parameters, with a more favorable trend in the DTG+TDF/FTC arm, the 
differences in means were not clinically significant. The detectable differences between 
treatment arms, however, might be explained by the lipid lowering effects of TDF/FTC (Glidden 
et al. 2018). No other clinically significant differences between treatment arms were observed.

7.7. Review Issues Relevant to the Evaluation of 
Risk

Overall, the safety evaluation is adequate to assess the safety of DTG/3TC for the proposed 
indication and patient population. The safety profile is well-characterized and none of the 
identified risks preclude approval. The identified risk review issues relate to the potential 
development of resistance and cross-resistance, clinical safety evaluation and drug-drug 
interactions. During the review of clinical safety, we identified risk review issues regarding use 
in patients coinfected with HIV-1 and HBV and the increase in 3TC Cmax after administration of 
the FDC relative to the individual products. Of note, the FDC product was not used in the phase
3 trials. The relative increase in 3TC Cmax associated with the FDC was not considered clinically 
significant and is supported by existing data (see Appendix III.14.1). The other risk issues as 
discussed in the AE of Special Interest subsection did not result in labeling or require a 
PMR/PMC and routine pharmacovigilance is recommended. Further details regarding AEs of 
Special Interest can be found in Section II.7.6.6.
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7.7.1. Resistance: Incidence of Treatment-Emergent 
Genotypic and Phenotypic Resistance to DTG and 
3TC and Impact on Cross-Resistance Potential

Issue
The assessment of resistance is critical to interpreting the overall benefit-risk of the dual 
regimen, DTG and 3TC, and to assess the durability of this regimen. The key points on 
resistance from the DTG+3TC review include the following:

The selection of resistance in cell culture previously provided data on key amino acid 
sites of interest in integrase and reverse transcriptase to follow in the clinical studies.
In previous clinical studies of subjects with no antiretroviral treatment history or 
treatment-experienced INSTI-naïve subjects, treatment-emergent integrase substitutions 
in virologic failures on a DTG regimen included L74I/M, Q95Q/L, V151V/I, E157Q/P or 
R263K, but these substitutions conferred no detectable phenotypic decreases in DTG 
susceptibility. 
In cell culture, single INSTI substitutions T66K, I151L and S153Y confer a >2-fold 
decrease in DTG susceptibility (range 2.3- to 3.6-fold). Combinations of multiple 
substitutions T66K/L74M, E92Q/N155H, G140C/Q148R, G140S/Q148H, R or K, 
Q148R/N155H, T97A/G140S/Q148H and substitutions at E138/G140/Q148 show a >2-
fold decrease in DTG susceptibility (range 2.5- to 21-fold). 
The RT M184V or I substitution confers resistance to 3TC and FTC.
In the two phase 3 GEMINI studies, among those with samples for resistance testing, 
there were no treatment-emergent INSTI or NRTI resistance-associated substitutions and 
no detectable phenotypic resistance in any of the ten virologic failures (six in the 
DTG+3TC group and four in the DTG+TDF/FTC group) at Week 48.

Conclusion
No detectable resistance emerged by 48 weeks in subjects on the DTG+3TC regimen and the low 
level of resistance emergence supports approval of this two-drug regimen. We await the 
resistance data at 96 weeks to support the durability of this regimen. Inclusion of clinical 
resistance data in labeling provides clinicians with the information needed to guide subsequent 
ARV regimens. 

Team Assessment
The above key conclusions are supported by the following:

Cell Culture Selection
Cell culture selection of DTG-resistant viruses was reviewed in the original NDA for DTG
(NDA 204790) and is summarized here. Starting from wild-type HIV-1 strains, amino acid 
substitutions in integrase selected by DTG included S153F or S153Y, E92Q and G193E each 
conferring 3- to 4-fold decreases in DTG susceptibility. Additional passage of wild-type clade B, 
C, and A/G viruses in the presence of DTG selected for R263K, G118R, and S153T. Passage of 
mutant viruses with the integrase resistance substitutions Q148R or H selected for additional 
substitutions in integrase including L74M, E92Q, T97A, E138K, G140S, M154I, and N155H.
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Lamivudine (3TC)-resistant variants have been isolated in cell culture and were also reviewed in 
the original NDA for lamivudine (NDA020564). Genotypic analysis showed that resistance was 
due to specific amino acid substitutions M184V or I in the HIV-1 reverse transcriptase. M184V
or I substitutions confer high-level resistance to both 3TC and FTC.

More recently, passage studies in MT-2 cells were conducted with both DTG and 3TC in 
combination (Yoshinaga et al. 2019). Drug concentrations of 1-, 2-, 4-, 8- and 16-fold
combination EC50 values for each drug throughout the study and cells were passaged every 3 to 4 
days for 90 days. In these cell culture passage studies of DTG+3TC in combination, virus 
resistant to 3TC with the NRTI substitution M184I emerged on Day 57 at 1-fold the combination 
EC50 value, on Day 14 or on Day 28 at 2-fold the combination EC50 value, and on Day 28 at 4-
fold the combination EC50 value. No DTG-resistant viruses emerged during the 90-day 
monitoring period. HIV-1 could not replicate at more than 4-fold the combination EC50 values. 
Even though 3TC-resistant mutants emerged in the 3TC + DTG combination, the 3TC 
concentration which permitted viral growth and resistance was decreased more than 32-fold in 
combination with DTG. Data from Yoshinaga et al. showed that two-drug combinations of 
DTG+3TC in cell culture improve the barrier to resistance compared to each drug alone. The 
high genetic barrier to resistance of DTG likely contributes to this effect.

Cross-Resistance
Cross-resistance studies were reviewed in the original DTG and 3TC NDAs and are summarized 
here. The susceptibility of DTG was tested against 60 INSTI-resistant site-directed mutant HIV-
1 viruses (28 with single amino acid substitutions and 32 with two or more amino acid 
substitutions) and 6 INSTI-resistant site-directed mutant HIV-2 viruses. Single INSTI 
substitutions T66K, I151L and S153Y conferred a >2-fold decrease in DTG susceptibility (range 
2.3- to 3.6-fold). Combinations of multiple substitutions T66K/L74M, E92Q/N155H, 
G140C/Q148R, G140S/Q148H, R or K, Q148R/N155H, T97A/G140S/Q148H and substitutions 
at E138/G140/Q148 showed a >2-fold decrease in DTG susceptibility (range 2.5 to 21). In HIV-
2 mutants, substitutions A153G/N155H/S163G and E92Q/T97A/N155H/S163D conferred 4-fold 
decreases in DTG susceptibility and E92Q/N155H and G140S/Q148R showed 8.5-fold and 17-
fold decreases in DTG susceptibility, respectively.

Cross-resistance conferred by the 3TC resistance substitutions, reverse transcriptase (RT)
M184V or I, is limited within the NRTI class of antiretroviral agents. Zidovudine maintains its
antiretroviral activities against lamivudine-resistant HIV-1. Abacavir and tenofovir maintain 
antiretroviral activity against lamivudine-resistant HIV-1 harboring only the M184V substitution. 
Cross-resistance is expected with emtricitabine which also selects the M184V substitution and 
abacavir which selects M184V plus additional RT substitutions K65R, L74V, and Y115F.

Clinical Virology Resistance Assessment in GEMINI-1 and -2
The Applicant defined virologic failure as either:

Virologic Non-response
— A decrease in plasma HIV-1 RNA of less than 1 log10 copies/mL by Week 12, with 

subsequent confirmation, unless plasma HIV-1 RNA is <200 copies/mL.
— Confirmed plasma HIV- copies/mL on or after Week 24.
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Or Virologic Rebound
— Confirmed rebound in plasma HIV- opies/mL after prior 

confirmed suppression to <200 copies/mL.
Q2 Solutions genotypic resistance assay (PR [protease] and RT [reverse transcriptase]) was used 
to assess pretreatment resistance for subject eligibility to enter the study as part of the screening 
process. Genotype and phenotype were assessed in the virologic failures. Integrase Phenosense®,
Integrase Geneseq® and PhenoSense® GT on study resistance assays were performed at 

. The applicant provided the genotypes and phenotypes for the ten 
virologic failures and all ten virologic failures were analyzed in the FDA resistance analysis.

Summary of Resistance in Virologic Failures
By Week 48, six subjects in the DTG+3TC group met virologic failure criteria in GEMINI-1 and 
GEMINI-2, while four subjects in the DTG+TDF/FTC met virologic failure criteria. Of the 10 
total virologic failures, eight had Subtype B, one had Subtype BF and one had Subtype F. 

There were no emergent INSTI or NRTI resistance-associated substitutions in any of the ten 
virologic failures and there was no detectable phenotypic resistance to DTG, 3TC, FTC or TDF 
at baseline or failure timepoints (Table 23). A summary of the key characteristics and IN
(integrase) and RT substitutions for the ten virologic failures is also shown in Table 23. None of 
these emergent substitutions in integrase have been considered associated with DTG resistance 
or conferred reduced susceptibility to DTG. For Subject  in the DTG+3TC arm, there was 
a G193G/E DTG resistance-associated substitution at baseline, but this substitution was not 
detected at failure and thus does not appear associated with virologic failure. Two of the 
virologic failures in the DTG+3TC arm and one in the DTG+TDF/FTC had baseline viral load
>100,000 copies/mL. In addition, only one of the virologic failures (Subject ) had a
baseline CD4+ cells/mm3.
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Table 23. Emergent Substitutions in Virologic Failures, GEMINI-1 and GEMINI-2, ITT-E Analysis Population

Subject 
ID Study Arm

Baseline 
Viral Load
(copies/mL)

Baseline 
CD4+

Cell Count

Failure 
Time-
point

Viral Load at
Viral Failure

Baseline 
INSTI
Substitutions

Emergent 
INSTI
Substitutions

Baseline NRTI 
RAS

GEMINI-1 DTG+3TC >100,000 >200 Week 16 6648 c/mL
(95 c/mL WK24)

D55D/E 
A169A/T

GEMINI-1 DTG+3TC <100,000 >200 Week 24 348 c/mL
(96 c/mL WK24)

K156N E69E/G

GEMINI-1 DTG+3TC >100,000 Week 24 never suppressed 
but <400 c/mL 
(376 c/mL)

G193G/E S119P T122I
(G193G)

GEMINI-1 DTG+3TC <100,000 >200 Week 48 43908 c/mL M50I A38A/P
GEMINI-2 DTG+3TC <100,000 >200 Week 24 451 c/mL

(67 c/mL at 
WK36)

M50I 

GEMINI-2 DTG+3TC <100,000 >200 Week 24 461 c/mL
(59 c/mL at 
WK36)

M154L

GEMINI-1 DTG+TDF/FTC <100,000 >200 Week 24 1136 c/mL I60I/V K156K/R 
L158L/V

GEMINI-1 DTG+TDF/FTC <100,000 >200 Week 48 8384 c/mL G163E G193E K188K/R K70E
GEMINI-2 DTG+TDF/FTC <100,000 >200 Week 24 569 c/mL

<50 c/mL WK36
M154I 
G163G/E

GEMINI-2 DTG+TDF/FTC >100,000 >200 Week 24 1559 c/mL
(97 c/mL at 
WK36)

M50I/M No post-BL

Abbreviations: BL, baseline; c/mL, copies/mL; INSTI, integrase strand transfer inh bitor; ITT-E, intent-to-treat exposed; NRTI, nucleoside/nucleotide reverse transcriptase inhibitor; 
RAS, resistance-associated substitutions;; WK, week.
Source: Reviewer analysis. 
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7.7.2. Use in Patients Coinfected with HIV-1 and HBV: 
Risk of Emergence of Lamivudine-Resistant HBV 
and the Risk of Post-treatment Exacerbations of 
HBV

Issue
Two risks can occur when 3TC is used in patients coinfected with HIV-1 and HBV and include a
high risk of the emergence of HBV variants and the risk of post-treatment exacerbations of HBV.

Conclusion
Because DTG/3TC is meant to be a complete regimen for HIV-1, but provides only monotherapy
(3TC) for HBV infection, an alternative regimen should be considered for patients coinfected
with HIV-1 and HBV. However, if the decision is made to use DTG/3TC in patients coinfected
with HIV-1 and HBV additional treatment should be considered for appropriate treatment of 
chronic HBV infection. We recommend that this concern be included with the Boxed Warning, 
which also advises about the risk of exacerbation of hepatitis B in HBV- and HIV-coinfected
patients when 3TC is discontinued.

Team Assessment
The above key conclusions are supported by the following:

Subjects coinfected with HIV-1 and HBV were excluded from the GEMINI trials due to the risk 
of the emergence of 3TC-resistant HBV variants. Therefore, the safety and efficacy of DTG/3TC 
have not been established for this indication. Furthermore, the rate of HBV resistance to 3TC-
monotherapy in HBV- and HIV-coinfected patients has been shown to reach 90% at 4 years
(Benhamou et al. 1999). Current AASLD Guidelines recommend that all patients with HBV and 
HIV co-infection should receive ARV regimen that includes two drugs with activity against 
HBV: specifically, FTC or 3TC plus tenofovir (TAF or TDF) (Terrault et al. 2018). A third drug 
can be effectively added to the DTG/3TC regimen to mitigate the risk of emergence of 3TC-
resistant HBV variants. However, this approach would undermine the intended convenience of a 
one-pill-a-day regimen, whereas other more convenient and/or cost-effective options are likely to 
be available. All NRTIs with activity against both HIV and HBV have the risk of severe acute 
exacerbations of HBV when the NRTI is discontinued. Therefore hepatic function should be 
closely monitored in this setting and, if appropriate, initiate anti-HBV treatment again in the case 
of severe acute exacerbation of HBV. 
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7.7.3. Metformin Dosing Recommendation in DOVATO 
Labeling: Revisions Needed to Better Align with 
the Benefit-Risk Profile of Metformin

Issue
The recommendation regarding concomitant use with metformin in the proposed DOVATO 
USPI differs from the recommendation in the most recently updated GLUMETZA® (metformin)
USPI:

The Applicant proposed the following clinical comment pertaining to the use of metformin 
with DOVATO:  

 

Metformin dosing recommendation in the GLUMETZA USPI regarding coadministration 
with DTG is: “Consider the benefits and risks of concomitant use.” The product labeling 

 

Conclusion
The Applicant’s proposed clinical comment in the DOVATO label pertaining to the concomitant 
use of metformin with DTG-containing products (such as DOVATO) should be aligned with the 
prescribing information for metformin and all DTG containing products. We concur with the 
current recommendation in the GLUMETZA USPI; therefore, the clinical comment in the 
prescribing information of DOVATO should instruct the healthcare provider to refer to the 
prescribing information of metformin to consider the benefits and risks associated with increased 
metformin exposures when it is co-administered with DOVATO.
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8. Therapeutic Individualization

8.1. Intrinsic Factors
The effect of intrinsic factors on DOVATO has not been studied, however, the effect of 
intrinsic factors on the exposures of the individual components of DOVATO has been 
studied. Relevant information from the TIVICAY™ and EPIVIR™ USPI was 
incorporated into the DOVATO USPI.
DOVATO is not recommended in patients with creatinine clearance less than 50 mL per 
min or with severe hepatic impairment.

8.2. Drug Interactions
No drug interaction studies were conducted with DOVATO however, drug interaction 
studies were conducted with the individual components of DOVATO. Relevant 
information from the TIVICAY™ and EPIVIR™ USPI was incorporated into the 
DOVATO USPI.
Coadministration of DOVATO with dofetilide is contraindicated due to the potential for 
increased dofetilide plasma concentrations and the risk for serious and/or life-threatening 
events.
Coadministration of DOVATO with carbamazepine or rifampin may decrease the 
exposure of DTG. If DOVATO is coadministered with carbamazepine or rifampin, one 
tablet of DOVATO is to be taken once daily followed by an additional DTG 50-mg 
tablet, approximately 12 hours from the dose of DOVATO. 
DOVATO is a complete regimen for the treatment of HIV-1 infection; therefore, 
coadministration with other antiretroviral drugs for the treatment of HIV-1 infection is 
not recommended.
For information on metformin in combination with DOVATO, see Section 7.7.3.

8.3. Pediatric Labeling/Plans for Pediatric Drug 
Development

This NDA is a new regimen for an adult indication; therefore, pediatric studies are required 
under the Pediatric Research Equity Act (PREA). Pursuant to this requirement, the Applicant has 
an agreed Pediatric Study Plan (PSP) with a request for deferral of pediatric studies in treatment-
naïve adolesce

 The Applicant also requested a partial waiver for <12 years 
of age for the treatment-naïve indication  

 

Reason for the waiver: The product fails to represent a meaningful therapeutic benefit over 
existing therapies for pediatric patients and is unlikely to be used in a substantial number of all 
pediatric age groups or the pediatric age group(s) for which a waiver is being requested.
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Justification for the waiver: It is unlikely DOVATO will be substantially used in pediatric 
treatment-naïve patients less than 12 years of age because a significant number of perinatally 
HIV-1 infected children would already be receiving therapy and thus would not qualify for a 
treatment-naïve indication for the FDC of DTG/3TC regimen. In addition, the FDC product does 
not represent a meaningful therapeutic benefit over existing therapies for pediatric patients. Both 
products are available individually and the combination could be studied in the future via the 
individual products if deemed appropriate once the longer-term follow up of efficacy in adults 
supports its use in children.
PREA PMR request: extend the required 48-week follow-up in the planned adolescent study and 
make the optional 96-week extension mandatory.

Conduct an open-label, single-arm study to evaluate the Week 96 efficacy and safety of 
dolutegravir/lamivudine (DTG/3TC) as a fixed-dose combination (FDC), in antiretroviral 
therapy (ART)-naïve HIV-1-infected adolescents from 12 years to less than 18 years of age 
who weigh at least 40 kg.

8.4. Pregnancy and Lactation
Neural tube defects were identified from an unplanned interim analysis of an observational study 
(the Tsepamo Study) of ART (DTG/TDF/FTC or EFV/TDF/FTC) in pregnant women in 
Botswana. An FDA Drug Safety Communication was announced and product labeling for DTG-
containing products was updated in September 2018 (Food and Drug Administration 2018).
Similar language for DTG was also recommended to be included in the DTG/3TC label:

Pregnancy: Avoid use of DOVATO at the time of conception through the first trimester 
due to the risk of neural tube defects. (2.1, 5.4, 8.1).

Based on updated data provided in the Antiretroviral Pregnancy Registry (APR) Interim Report
(Antiretroviral Pregnancy Registry Steering Committee 2018), the following text in Section 8.1 
was also recommended for the DTG/3TC label:

Lamivudine: Based on prospective reports to the APR of over 12,000 exposures to 
lamivudine during pregnancy resulting in live births (including over 5,000 exposed in the 
first trimester), there was no difference between the overall risk of birth defects for 
lamivudine compared with the background birth defect rate of 2.7% in the U.S. reference 
population of the MACDP. The prevalence of defects in live births was 3.0% (95% CI: 
2.6% to 3.5%) following first trimester exposure to lamivudine-containing regimens and 
2.9% (95% CI: 2.5% to 3.3%) following second/third trimester exposure to lamivudine-
containing regimens.

Pregnancy has been reported in five subjects in GEMINI-1 and GEMINI-2. Four of these 
subjects were included in the Week 48 data cut-off and summarized in Table 24. Two subjects
had a spontaneous abortion (one in each treatment arm, both in the first trimester), and two had 
an elective abortion (one in each group, both in first trimester). The sites reported no congenital 
anomalies for one of the cases of spontaneous abortion (DTG+TDF/FTC group) and one of the 
cases of elective abortion (DTG+3TC group). The sites did not provide any information for the 
other two abortion cases with regard to the presence or absence of congenital anomalies.
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Table 24. Subjects with Reported Pregnancies, GEMINI-1 and GEMINI-2 Week 48 Safety Population

Subject ID Treatment Arm

Duration of 
Exposure
(Days) Summary

204861. DTG+TDF/FTC 253 30-year-old with history of two full term pregnancies. 
The subject was hospitalized for spontaneous 
abortion at approximately 4 to 5 weeks of gestation 
with no apparent congenital anomaly present.

204861. DTG+TDF/FTC 336 27-year-old with history of three pregnancies (one
normal birth, one born with hydrocephalus and later 
died, one spontaneous abortion). Study drug 
discontinued and subject withdrawn from study due 
to pregnancy at approximately 6 weeks of gestation. 
An elective termination was performed without 
complications. There were no medical reasons for 
the termination.

204861. DTG+3TC 425 33-year-old with history of three pregnancies (one
normal birth and two spontaneous abortions). The 
subject presented with vaginal bleeding and was 
found to have had a missed spontaneous abortion at 
7 weeks of gestation due to hematoma in the upper 
pole of the embryonic sac.

205543. DTG+3TC 111 26-year-old with history of two pregnancies (one
normal birth and one induced abortion). Withdrawn 
from the study due to pregnancy at 6 weeks of 
gestation. The pregnancy was electively terminated 
with no apparent congenital anomaly present.

Abbreviations: 3TC, lamivudine; DTG, dolutegravir; FTC, emtricitabine; TDF, tenofovir disoproxil fumarate.
Source: Reviewer analysis of narratives, and ISS ADEX and ADSL datasets

In the SUR, one prospective pregnancy was reported with no associated AE or SAE (subject 
204861 ). The pregnancy was reported as ongoing with limited information received at 
the time of this report. The subject was withdrawn from the study.
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9. Product Quality
Approval—The Office of Pharmaceutical Quality Review team has assessed NDA 211994 with 
respect to Chemistry, Manufacturing, and Controls (CMC) and has determined that it meets all 
applicable standards to support the identity, strength, quality, and purity that it purports.
As such, OPQ recommends approval of this NDA from a quality perspective.

10. Human Subjects Protections/Clinical Site 
and Other GCP Inspections/Financial 
Disclosure

There was one site (site ID 223404 in GEMINI-1, Dr. Roberto Ortiz in Orlando, FL) that was 
good clinical practice (GCP) noncompliant. Data for eight AEs from five subjects were not
submitted in time of the cutoff for data submission into the electronic case report forms, and the 
Applicant’s Week 48 analyses summarized in the Study 204861 (GEMINI-1) clinical study 
report (CSR). However, safety data findings were appropriately amended in the CSR and ISS. 
Study 205543 (GEMINI-2) was GCP compliant. Based on high enrollment and cumulative site 
risk rankings (including efficacy rate favoring the treatment arm and financial disclosures), the 
following sites were inspected. The findings from inspections of these sites did not affect the 
approvability of the application. Please refer to Appendix III.20 for a summary of findings from 
clinical site inspections.

Table 25. Study Sites Requested for Inspection
Study Site ID Name Location Notes

GEMINI-1 221100 Porterio, Norma Buenos Aires, 
Argentina

Non-ICH, high enrollment, high efficacy 
rate in treatment arm versus control, no 
recent inspection

GEMINI-2
 GEMINI-2, $49977.50 in 

financial disclosure (by previous site 
investigator, )

GEMINI-2 223350 Lopardo, Gustavo 
Daniel 

Buenos Aires, 
Argentina

Non-ICH, high enrollment, high efficacy 
rate in treatment arm versus control, no 
recent inspection

GEMINI-2 222250 Sierro-Madero, 
Juan

Mexico City, 
Mexico

Non-ICH, high enrollment (20), no recent 
inspection

204994 Lomeli, Barbara 
K; MD

Overland Park, 
KS

Clinical site. Pivotal PK bridging study for 
approval.

204994 Bioanalysis site. Pivotal PK bridging study 
for approval.

Abbreviations: ICH, International Conference on Harmonisation; PK, pharmacokinetics
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11. Advisory Committee Summary
DTG/3TC was not taken to an FDA advisory committee because the application did not raise 
significant safety or efficacy issues that were unexpected for the two drug classes and there were 
no controversial issues that would benefit from advisory committee discussion.
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III. Appendices

12. Summary of Regulatory History
Date Activity Outcome
September 2, 
2015

Pre-investigational new 
drug application (PIND)
127475 (DTG/3TC) was 
submitted in the United 
States for the treatment 
of HIV-1 infection

October 29, 2015 Type B, PIND written 
response only (WRO)
was provided regarding 
the overall development 
plan for GSK3515864
(DTG/3TC)

FDA had concerns with initiating trials with DTG/3TC in 
the absence of additional supporting data. Prior to 
conducting phase 3 trials with DTG/3TC in treatment-
naïve and virologically suppressed patients without prior 
evidence of virologic failure, a phase 2b trial in 
treatment-naïve patients is needed to assess the durability 
of DTG/3TC in treatment-naïve patients. FDA 
recommended data at least through Week 48 before
initiating phase 3 trials.

February 11, 2016 Type B, PIND held to 
discuss the overall 
development plan for
GSK3515864
(DTG/3TC)

Providing the following agreed on data are acceptable, an 
additional phase 2b trial will not be required before 
initiating phase 3 trials with DTG/3TC. 

48 week results from the PADDLE study (n=20) 
and 
24 week results from the first 40 ACTG 5353 
subjects 

FDA suggested ViiV could initiate the phase 3 trial now, 
but they could only enroll about 100 subjects with HIV 

and ACTG5353 are reviewed along with interim 
(unblinded) analysis by the Independent Data Monitoring 
Committee of the first cohort of subjects enrolled into the 
proposed phase 3 trial, FDA agreed ViiV could expand
enrollment to include subjects with any baseline HIV-1
RNA. ViiV will enroll one phase 3 trial then wait for 
FDA feedback before expanding enrollment and 
initiating a second phase 3 trial.

FDA and ViiV agreed on the primary efficacy outcome 
for the planned DTG/3TC FDC NDA be based on an 
efficacy analysis of studies 204861 (GEMINI-1) and 
205543 (GEMINI-2) using a noninferiority (NI) margin 
of 10% for each study.
FDA recommended ViiV conduct a switch trial in 
addition to conducting one phase 3 trial in treatment 
naïve subjects.
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Date Activity Outcome
May 9, 2016 ViiV submitted Protocol 

204861 (GEMINI-1) and 
Protocol 205543
(GEMINI-2) to IND 
127475

July 7, 2016 A joint information 
request was sent from 
the Clinical, Clinical 
Pharmacology and 
Statistics Team.

FDA communicated the following recommendation: 
Reconsider the virologic cap at HIV RNA 500,000 
copies/mL.
Allow enrollment of subjects with HIV RNA >500,000 
copies/mL in sequential manner and based on the interim 
analysis of the efficacy data from subjects with baseline.

July 18, 2016 ViiV provided a 
response to comment 
above.

Per ViiV, limiting HIV-1 RNA to 500,000 copies/mL 
would only exclude about 5 to 6% of potential subjects. 
ViiV will consider future trials with HIV-1 RNA 
>500,000 copies/mL. 

December 2, 2016 Type B, PIND WRO 
was provided regarding 
the design of the 
proposed pivotal 
bioequivalence study for 
GSK3515864 
(DTG/3TC)

Overall, the FDA agreed with the design of the pivotal 
bioequivalence and food effect study.

February 21, 2017 IND 127475 (DTG/3TC) 
was submitted in the 
United States for the 
treatment of HIV-1
infection

ViiV included the protocol for relative bioavailability 
and food effect trial (Study 204994).

December 7, 2017 Type B, Pre-NDA 
meeting to discuss the 
development program 
with respect to 
preliminary results of 
the pivotal 
bioequivalence (BE) 
study (204994)

The preliminary comments sent by the FDA were 
sufficiently clear. Agreement was reached regarding the 
BE and food effect results of the bilayer portion of Study 
204994 with the supporting safety data from the 
historical EPIVIR studies to be an adequate bridge to the 
clinical date in GEMINI-1 and 2 for the planned NDA 
submission.

May 24, 2018 Type B, Pre-NDA 
meeting to discuss 
proposals for the 
content, format and data 
package of planned 
NDA

The preliminary comments sent by the FDA were 
sufficiently clear. Agreement was reached regarding the 
clinical data package to support the NDA submission.

May 30, 2018 Type B, CMC WRO 
provided regarding the 
Chemistry, 
Manufacturing & 
Controls (CMC) for 
GSK3515864 Tablets

FDA recommended that ViiV follow the ICH Q1A 
Guidance and provide 12 months of long term stability 
data for three batches at the time of NDA submission.

October 18, 2018 NDA submission 
complete
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12.1. List of Antiretroviral Drugs Approved for the 
Treatment of HIV-1

Table 26. List of Single-Entity Antiretroviral Drugs Approved for the Treatment of HIV-1
Drug Class (Abbreviation)
[Number Currently Available in Class] Full Drug Names (Abbreviation)

Nucleos(t)ide reverse transcriptase inhibitor (NRTI) [8]

Abacavir (ABC)
Didanosine (ddI)
Emtricitabine (FTC)
Lamivudine (3TC)
Stavudine (d4T)
Tenofovir alafenamide (TAF)
Tenofovir disoproxil fumarate (TDF)
Zalcitabine (ddC)1

Zidovudine (AZT)

Non-nucleoside transcriptase inhibitor (NNRTI) [5]

Delavirdine (DLV)1

Doravirine (DOR)
Efavirenz (EFV)
Etravirine (ETR)
Nevirapine (NVP)
Rilpivirine (RPV)

Protease inhibitor (PI) [9]

Amprenavir (APV)1

Atazanvir (ATV)
Darunavir (DRV)
Fosamprenavir (FPV)
Indinavir (IDV)
Lopinavir (LPV)
Nelfinavir (NFV)
Ritonavir (RTV)2

Saquinavir (SQV)
Tipranavir (TPV)

Integrase strand transfer inhibitor (INSTI) [4]

Bictegravir (BIC)
Dolutegravir (DTG)
Elvitegravir (EVG)
Raltegravir (RAL)

CCR5 co-receptor antagonist [1] Maraviroc (MVC)
Fusion inhibitor [1] Enfuvirtide (T20)
CD4-directed post-attachment inhibitor [1] Ibalizumab (IBA)

CYP3A Inhibitor2 [2] Cobicistat (COBI)
Ritonavir (RTV)3

1 Marketing discontinued by manufacturer
2 Drugs that inhibit metabolic enzymes and enhance the exposure of ARVs;
3 Although RTV is approved as a single-entity antiretroviral, it is most commonly used adjunctively as a CPY3A inhibitor (CYP, 
cytochrome P).
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13. Pharmacology Toxicology Assessments
and Additional Information

13.1. Summary Review of Studies Submitted 
Under IND 

DOVATO contains two active ingredients in a fixed-dose combination: dolutegravir (DTG, 
GSK1349572), a two-metal binding integrase strand transfer inhibitor (INSTI), and lamivudine 
(3TC, GR109714), a nucleoside reverse transcriptase inhibitor (NRTI). The proposed indication 
for DOVATO is for use as a complete, single tablet regimen for the treatment of human 
immunodeficiency virus type 1 (HIV-1) infection in adults.
Dolutegravir and lamivudine prior approvals (NDAs 204790 and 020564, respectively) included 
comprehensive nonclinical packages. DTG and 3TC have adequate clinical experience with 
coadministration; therefore, combination toxicity studies are not warranted to support marketing.

Recommendation: The nonclinical package supports approval of DOVATO.

14. Clinical Pharmacology Assessment:
Additional Information

14.1. In Vivo Studies
Because the Applicant intends to market the DTG/3TC FDC bilayer tablet formulation, while 
GEMINI-1 and GEMINI-2 used the individual DTG and 3TC formulations, the following 
bioavailability studies (Studies 204993 and 204994) were conducted to support approval of the 
proposed FDC bilayer tablet product.

Relative Bioavailability Study (204993)
Study 204993 was a randomized, open label, three-way crossover trial with six sequences. Each 
subject received reference treatment (single entity of DTG 50 mg and 3TC 300 mg) and two
experimental FDC tablets (AA and AB) under fasted conditions. The Applicant did not indicate 
if AA or AB were used for further development.

Relative Bioavailability and Food Effect Study (204994)
Study 204994 was conducted in healthy volunteers to compare the systemic exposures of DTG 
and 3TC after administration of two DTG/3TC FDC formulations (monolayer tablet and bilayer 
tablet) and the individual DTG and 3TC tablet formulations, which were used in 204861 
(GEMINI-1) and 205543 (GEMINI-2). 
Monolayer and bilayer FDC tablets were evaluated in Parts 1 and 2, respectively. Both parts 
were of identical design (Figure 2), and each part was composed of three periods. During the first 

Reference ID: 4416188



NDA 211994
Dolutegravir and lamivudine (DOVATO)

63
Integrated Review Template, version date 2019/03/29

two periods, subjects received either oral FDC tablet (DTG 50 mg and 3TC 300 mg) or separate 
tablets of DTG 50 mg (clinical trial material image of TIVICAY®) and 3TC 300 mg (EPIVIR®)
in the fasted state. During the third treatment period, subjects were administered a single dose of 
the FDC tablet with a high fat meal. There was at least 7 days washout period between treatment 
periods. 
The results of Part 1 (with the monolayer FDC tablet) indicated that the geometric least squares 
mean ratio and the 90% CI of the geometric least squares mean ratios of the AUC0- and Cmax
DTG were outside the traditional no-effect limits, 80 to 125%. As a result, the monolayer tablets 
were not selected for further development.

Figure 2. Study 204994 Design – Part 2, Relative Bioavailability and Food Effect with Bilayer FDC 
Formulation

Source: The Applicant’s study synopsis, page 3.

The results of Part 2 (with the bilayer FDC tablet, shown in Table 27) indicated that in the fasted 
state the geometric least squares mean ratio and the 90% CI of the geometric least squares mean 
ratios of the AUC0- and Cmax of DTG were within the traditional no-effect limits, 80 to 125%. 
The geometric least squares mean ratio and the 90% CI of the geometric least squares mean 
ratios of AUC0- of 3TC were within the traditional no-effect limits, 80 to 125%; however, the 
geometric least squares mean ratio and the 90% CI of the geometric least squares mean ratios of 
Cmax of 3TC were outside the traditional no-effect limits. The clinical relevance of this higher 
Cmax of 3TC relative to after administration of the FDC tablet relative to administration of the 
individual products is described in subsection 14.1.1.
The results of the food effect assessment with the DTG/3TC bilayer FDC are shown in Table 28.
Although there was a modest decrease in 3TC mean Cmax of approximately 30%, this was
consistent with the effect described with the individual 3TC tablets described in the EPIVIR 
USPI (Cmax in the fed state was 40%±23% [mean ± standard deviation] lower than in the fasted 
state).
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Table 27. Pharmacokinetic Parameters of DTG and 3TC Following Administration of the DTG/3TC 
Bilayer FDC (Test) versus DTG+3TC Tablets (Reference); Fasted State, Part 2, Study 204994

Abbreviations: AUC0- , area under the plasma concentration versus time curve from time zero to infinity; AUC0-t, area under the 
plasma concentration versus time curve from time zero to the last time point that concentrations were quantifiable; CI, confidence 
interval; Cmax, maximum observed plasma concentration; PK, pharmacokinetics
Source: The Applicant’s study synopsis, page 9.

Table 28. Pharmacokinetic Parameters of DTG and 3TC Following Administration of the DTG/3TC 
Bilayer FDC; Food Effect Assessment, Part 2, Study 204994

Abbreviations: AUC0- , area under the plasma concentration versus time curve from time zero to infinity; AUC0-t, area under the 
plasma concentration versus time curve from time zero to the last time point that concentrations were quantifiable; CI, confidence 
interval; Cmax, maximum observed plasma concentration; PK, pharmacokinetics
Source: The Applicant’s study synopsis, page 10.
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Table 29. Adverse Events Occurring Subjects, Study 204994
DTG 50 mg + 3TC 
300 mg (Fasting)

N=150
n (%)

DTG/3TC FDC 
Bilayer (Fasting)

N=75
n (%)

DTG/3TC FDC 
Bilayer (Fed)

N=16
n (%)

Any Adverse Event 29 (19) 12 (16) 1 (6)
Headache 10 (7) 6 (8) 0
Dizziness 2 (1) 0 0
Muscle contractions 0 2 (3) 0
Nausea 3 (2) 2 (3) 0
Vomiting 2 (1) 0 0

Source: Summary from Applicant’s study synopsis. Abbreviations: FDC, fixed dose combination; N, number in group; n, number with 
any adverse event.

Conclusion
Given that the Applicant intends to market the DTG/3TC FDC bilayer tablet formulation, while 
GEMINI-1 and GEMINI-2 used the individual DTG and 3TC formulations, the following data
support approval:

The AUC0- and Cmax of DTG and the AUC0- of 3TC are similar between the DTG/3TC 
FDC bilayer tablet and the individual DTG and 3TC formulations. The 90% CI of the 
geometric least squares mean ratios of DTG and 3TC exposure (AUC0- and Cmax) from the
bilayer FDC tablet were within the traditional no-effect limit (80 to 125%) except for the 
3TC Cmax (mean Cmax was 31.8% higher).
The observed higher 3TC mean Cmax was considered clinically insignificant. Adequate safety 
data are available to support the higher 3TC mean Cmax after administration of DTG/3TC 
FDC bilayer tablet relative to the individual DTG and 3TC formulations (see subsection 
14.1.1).
Administration of the bilayer FDC with high fat meal resulted in an increase of ~32% in 
DTG mean AUC0- and in a decrease in 3TC mean Cmax of ~30%. These food effect results 
are consistent with food effect studies described in the USPI of TIVICAY and EPIVIR. 
Bilayer FDC tablets can be administered without regard to food.

14.1.1. Increased 3TC Exposures and Impact on Safety 
Phase 3 studies (GEMINI-1 and GEMINI-2) were conducted with individual products 
(DTG+3TC), not the FDC (DTG/3TC). The geometric least squares mean ratio of 3TC Cmax was 
31.8% higher (90% CI was outside the traditional no-effect limit [80 to 125%]) following bilayer 
FDC administration as compared to individual 3TC tablet Cmax (see Study 204994, Appendix
14.1). 
The relative increase in 3TC Cmax after administration of the FDC compared to the individual 
3TC product is not clinically significant and is supported by the following safety data:

Although an assessment of clinical safety of the FDC bilayer formulation from Study 204994 
is limited by duration of exposure, no unexpected 3TC-related AEs and no clinically
significant differences were observed between the FDC bilayer tablet and the individual DTG 
and 3TC formulations used in Study 204994.
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Several dose-ranging studies (Glaxo Report Number UCR/95/001, Study NUCA2001 and 
Glaxo Report Number GIO/94/001, Study NUCB2001), wherein doses as high as 20 
mg/kg/day (700 mg BID) were given to participants for 24 weeks. No dose-related increase
in the overall incidence of AEs and laboratory abnormalities was observed in dose range 
groups of up NUCA2001, at the 20 mg/kg/day dose 
level (1400 mg total daily dose for a 70kg subject) hematologic laboratory abnormalities 
were noted in some subjects (Table 30).

Table 30. Historical Data to Support Increased Cmax, 3TC Dose Ranging Studies
Study Population Treatment (N) Findings
NUCA2001 HIV+ adults Up to 20 mg/kg/day (1400 

mg/day) for 24 weeks 
(~15/cohort)

Hematologic at 20 mg/kg/day: Grade 3 to 4
neutropenia in 4 of 15 subjects (1 withdrawal), 
decreased RBC counts in 8 of 15 subjects, 
increased MCV.

NUCB2001 HIV+ adults Up to 20 mg/kg/day (1400 
mg/day) for 24 weeks 
(~15/cohort)

No dose-related increase in hematologic labs. 

Abbreviations: 3TC, lamivudine; Cmax, maximum observed plasma concentration; HIV, human immunodeficiency virus; MCV, mean 
corpuscular volume; RBC, red blood cell

A summary of clinical safety from previously submitted registrational phase 2/3 studies 
(Glaxo Report Number UCR/95/002, Study NUCA3001, Glaxo Report Number 
UCR/95/003, Study NUCA3002 and Glaxo Report Number GIO/94/005, Study NUCB3002)
are summarized in the following table (Table 31). The included doses achieved similar Cmax 
observed during steady-state that were equivalent to predicted Cmax for the bilayer FDC but 
with total daily dose (TDD)
safety and efficacy differences between 300 mg versus 600 mg total daily doses. Despite 
limitations of cross-study comparisons and confounding by AZT, there were no significant 
differences in safety outcomes between 3TC 300 mg/day versus 600 mg/day.
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Table 31. Integrated Summary of 3TC Phase 3 Safety Data 3TC 150 mg BID (+AZT) vs. 3TC 300 mg 
BID (+AZT)

3TC1 150 mg 
BID

(+AZT)
N=251

3TC2 300 mg 
BID

(+AZT)
N=318

Participants with at least one AE (%) 228 (91%) 286 (90%)

Subgroup with at least one AE with onset <24 weeks (%) n=60
49 (82%)

n=79
70 (89%)

Subgroup with at least one AE with onset >24 weeks (%) n=191
105 (55%)

n=239
114 (48%)

Participants with at least one SAE (%) 25 (10%) 46 (14%)
Participants with at least one study-drug-related SAE (%) 8 (3%) 21 (7%)
No. of drug-related SAEs 8 29
Participants withdrawn due to AE and SAEs (%) 17 (7%) 34 (11%)
Participants withdrawn due to study-drug-related AE; includes 
SAEs (%) 16 (6%) 30 (9%)

Participants with at least one Grade 3/4 laboratory toxicity (%) 55 (22%) 85 (27%)
Deaths 0 0
1 Data are from NUCA3001, NUCA3002 and NUCB3002
2 Data are from NUCA3001, NUCB3001, NUCA3002 and NUCB3002
Abbreviations: 3TC, lamivudine; AE, adverse event; AZT, zidovudine; BID, twice daily; SAE, serious adverse event
Source: Applicant’s summary from EPIVIR Integrated Summary of Safety [Epivir ISS Summary of Safety Prescribing Information, 
1995] Vol 98; Vol 100 Table 6.1, Table 6.5, Table 6.6, Table 6.14, Table 6.15, Table 8.1; Vol 101 Table 16.1, Table 16.2

The mean increase in 3TC exposure by 32% is not expected to increase the risk of 
mitochondrial toxicity. Toxicity is dependent on the relative time required to replicate the 
mitochondrial genome. Mammalian DNA polymerase gamma has exonuclease DNA repair 
functions that excise 3TC-TP. In PK Studies EPV10001 (300 mg once daily (QD) versus 150
mg BID) and NUCB4001 (150 mg BID versus 300 mg BID), intracellular concentrations 
were rate-limited by 3TC phosphorylation to 3TC-TP.
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15. GEMINI-1/GEMINI-2 Protocol Overview 
and Conduct

The GEMINI-1 and GEMINI-2 trials were identical in design, therefore the review team 
combined the information with respect to the protocol overview and conduct. The review team 
agreed that the protocols and the conduct of the GEMINI trials were satisfactory. As previously 
discussed in Section II.6.4.2, the review team disagreed with the Applicant regarding the upper 
limit plasma HIV- as part of the eligibility criterion at screening.
However, this did not significantly impact the final analysis and interpretation of data. An 
overview of the protocols and conduct is summarized below.

Applicant ViiV Healthcare group of companies

Compound Dolutegravir (DTG) + Lamivudine (3TC)

Indication Treatment of HIV-1 infection

Protocol title A phase III, randomized, double-blind, multicenter, parallel-group, 
noninferiority study evaluating the efficacy, safety, and tolerability of 
dolutegravir plus lamivudine compared to dolutegravir plus 
tenofovir/emtricitabine in HIV-1-infected treatment-naïve adults –
week 48

Source of 
information

Applicant CSRs, Synopses and Protocols, Reporting and Analysis 
Plans – Week 48

Protocol number 204861 (GEMINI-1), 205543 (GEMINI-2)

Clinical phase 3

IND number 127475

ClinicalTrials.gov 
identifier

NCT02831764 (GEMINI-1), NCT02831764 (GEMINI-2)

Ethics This trial was conducted in conformance with applicable country or 
local requirements regarding ethical committee review, informed 
consent, and other statutes or regulations regarding the protection of 
the rights and welfare of human subjects participating in biomedical 
research.

Trial centers A total of 191 investigational centers in 21 countries randomized one 
or more subjects in this multicenter study: 9 centers in Argentina, 8 in 
Australia, 6 in Belgium, 6 in Canada, 9 in France, 10 in Germany, 18 in 
Italy, 6 in Mexico, 4 in the Republic of Korea, 6 in Mexico, 2 in the 
Netherlands, 3 in Peru, 1 in Poland, 6 in Portugal, 5 in Romania, 12 in 
Russia, 1 in South Africa, 26 in Spain, 3 in Switzerland, 9 in Taiwan, 9
in the United Kingdom and 38 in the United States.
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Design Phase III, randomized, double-blind, active-controlled, multicenter, 
parallel-group, noninferiority in a target of 700 HIV-1 infected, 
treatment-naïve subjects with a screening HIV-1 RNA of 1000 to 
500,000 copies/mL. Subjects were randomized 1:1 to a two-drug 

regimen of DTG+3TC once daily or DTG plus the FDC tablet of 
TDF/FTC once daily until week 148, stratified randomization by 
screening HIV-1 RNA ( or >100,000 copies/mL) and screening CD4+

cell count ( or >200 cells/mm3).
Enrollment was initially restricted to subjects with a screening HIV-1
RNA of 1000 to 100,000 copies/mL then amended to allow subjects 
with a screening HIV-1 RNA of 1000 to 500,000 copies/mL.

The study comprised a 28-day screening phase, a double-blind 
randomized phase (day 1 to week 96), and an open-label randomized 
phase (week 96 to week 148). If required by local regulations, subjects 
randomized to receive DTG+3TC once daily who successfully 
complete 148 weeks of treatment will continue to have access to DTG+
3TC once daily (continuation phase) until (i) DTG and 3TC are both 
locally approved for use as part of a dual regimen, and the single 
entities of DTG and 3TC are available to patients (e.g., through public 
health services), or (ii) the DTG/3TC FDC tablet, if required by local 
regulations, is available, or (iii) the subject no longer derives clinical 
benefit, or (iv) the subject meets a protocol-defined reason for 
discontinuation, or (v) development of the DTG+3TC dual regimen is 
terminated. Subjects randomized to the DTG+TDF/FTC FDC arm will 
receive DTG+TDF/FTC FDC through their week 148 visit only, after 
which subjects will complete the study and will need to have alternate 
arrangements in place to access antiretroviral medication. No dose 
reductions, modifications in dosage, or changes in the frequency of 
dosing will be allowed in this study.
At weeks 28, 52, 100, and 148, a confirmatory viral load measurement 
will be performed for subjects presenting with HIV-1 RNA >50
copies/mL at the week 24, 48, 96 and 144 visits, respectively. The 
primary and secondary efficacy endpoints correspond to viral load 
measurements collected within a 6-week window around the visits of
interest (including data from the visits at weeks 28, 52, 100, and 148), 
as per the FDA’s Snapshot algorithm. For this reason, the primary and 
secondary analyses are denoted as occurring at weeks 24, 48, 96 and 
144 with the understanding that respective data from the week 28, 52, 
100 and 148 visits may be included.
Both trials included an Independent Data Monitoring Committee to 
ensure external objective medical and/or statistical review of efficacy 
and safety.

Duration of main 
phase (base study)

144 weeks; week 48 is primary timepoint
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Trial status Ongoing; current report contains data through week 48 for the primary 
endpoint analysis

Database lock May 22, 2018 (Week 48 database freeze)

Objectives in base 
study

Primary Objective: To demonstrate noninferior antiviral activity of 
dolutegravir plus lamivudine (DTG+3TC) versus dolutegravir plus 
tenofovir/emtricitabine (DTG+TDF/FTC) at 48 weeks in human 
immunodeficiency type 1 (HIV-1)-infected, antiretroviral therapy 
(ART)-naïve subjects.

Secondary Objectives: To evaluate DTG+3TC versus 
DTG+TDF/FTC with respect to:

Antiviral activity at 24, 96, and 144 weeks
Antiviral activity, immunological effects, and incidence of 
disease progression (HIV-associated conditions, AIDS and 
death) over time
Viral resistance in subjects meeting confirmed virologic 
withdrawal criteria
Safety and tolerability over time
Evaluate renal biomarkers (in urine and blood) and bone 
biomarkers (in blood) 
Evaluate the effects on fasting lipids over time
Effect of patient demographics and baseline characteristics over 
time
Change in health-related quality-of-life 

Exploratory Objectives: None

Selection of trial 
population

Key Inclusion Criteria
HIV-1 infected
Treatment-naïve (defined as 10 days of prior therapy with any 
antiretroviral agent following a diagnosis of HIV-1 infection). 
Subjects who received HIV post-exposure prophylaxis (PEP) or 
pre-exposure prophylaxis (PrEP) in the past are allowed as long 
as the last PEP/PrEP dose was >1 year from HIV diagnosis or 
there is documented HIV seronegativity between the last 
prophylactic dose and the date of HIV diagnosis.
At least 18 years of age 
Screening plasma HIV-1 RNA of 1000 copies/mL to 500,000
copies/mL 
Non-pregnant, non-lactating
Women of child-bearing potential: use of effective 
contraception
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Selection of trial 
population
(continued)

Key Exclusion Criteria
Women who were pregnant or breastfeeding
Active CDC Stage 3 disease 
Severe hepatic impairment
Unstable liver disease, cirrhosis, known biliary abnormalities
Hepatitis B virus infection
Any evidence of primary viral resistance in the screening result
Requiring hepatitis C therapy during the first 48 weeks
Significant suicidality risk
Estimated creatinine clearance <50 mL/min via the Chronic 
Kidney Disease Epidemiology Collaboration (CKD-EPI) 
method

Hypothesis DTG+3TC once-daily is not inferior to a standard three-drug regimen 
of DTG+TDF/FTC FDC once daily in HIV-1 infected treatment-naïve 
adult subjects, as assessed by the proportion of subjects with <50 
copies/mL at week 48 using the Snapshot algorithm for the ITT-E
population.
If rd is the response rate on DTG+3TC and rf is the response rate on 
DTG+TDF/FTC FDC, then the hypotheses can be written as follows:
H0: rd - rf -10% H1: rd - rf > -10%
Noninferiority can be concluded if the lower bound of a two-sided 95% 
confidence interval for the difference in response rates between the two 
treatment arms (DTG+3TC – DTG+TDF/FTC) is greater than -10%. 

Treatment groups DTG+3TC: n=716 (pooled), n=356 (GEMINI-1), and n=360 
(GEMINI-2)
DTG+TDF/FTC: n=717 (pooled), n=358 (GEMINI-1), and n=359 
(GEMINI-2)

Trial endpoints Primary Efficacy Endpoint: Proportion of subjects with <50 
copies/mL at week 48 using the Snapshot algorithm (missing data = 
failure) in the ITT-E population
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Trial endpoints
(continued)

Secondary Efficacy Endpoints
Proportion of subjects with plasma HIV-1 RNA <50 copies/mL 
at weeks 24, 96 and 144 using the FDA Snapshot algorithm for 
the ITT-E population
Time to viral suppression (HIV-1 RNA <50 copies/mL)
Absolute values and changes from baseline in CD4+ cell counts 
at weeks 24, 48, 96 and 144
Incidence of disease progression (HIV-associated conditions, 
AIDS and death)
Proportion of subjects by baseline subgroup(s) (e.g., by age, 
gender, baseline CD4+ cell count) with plasma HIV-1 RNA <50 
copies/mL at weeks 24, 48, 96 and 144 using the Snapshot 
algorithm for the ITT-E population
Change from baseline in CD4+ cell counts at weeks 24, 48, 96 
and 144 by patient subgroups

Virology Endpoint: Incidence of treatment-emergent genotypic and
phenotypic resistance to DTG and 3TC or TDF/FTC in subjects 
meeting confirmed virologic withdrawal criteria.

Health Outcomes Endpoints
Change from baseline in EQ-5D-5L Utility Score
Change from baseline in EQ Visual Analogue Scale

Secondary Safety Endpoints
Incidence and severity of adverse events (AEs) and laboratory 
abnormalities
Proportion of subjects who discontinue treatment due to AEs 
over 24, 48, 96 and 144 weeks
Change from baseline in renal and bone biomarkers at weeks 
24, 48, 96 and 144
Change from baseline in fasting lipids at weeks 24, 48, 96, and 
144
The incidence of Grade 2 or greater laboratory abnormalities in 
fasting low-density lipoprotein (LDL) cholesterol
Cholesterol by weeks 24, 48, 96, and 144

Reference ID: 4416188



NDA 211994
Dolutegravir and lamivudine (DOVATO)

73
Integrated Review Template, version date 2019/03/29

Analytical 
considerations

Sample Size: Assuming a true response rate of 87% for the DTG+3TC 
arm and an 89% response rate for the DTG+TDF/FTC arm, the study 
requires 347 subjects per arm to have 90% power with a 10% 
noninferiority margin and a 2.5% one-sided alpha level.
Response Rate Assumptions: Response rates at week 48 in previous
studies with DTG plus two NRTIs range from 88% to 90% (Raffi et al. 
2013; Clotet et al. 2014; Walmsley et al. 2015). The response rate on 
the DTG+TDF/FTC arm is assumed to be 89% at Week 48 based on 
the combined evidence. Response rates at Week 48 in previous two-
drug regimen studies range from 83% to 88% (Riddler et al. 2008;
Reynes et al. 2011; Cahn et al. 2014). However, there is no previous
two-drug regimen study conducted with DTG. The response rate on the 
DTG+3TC arm at Week 48 is assumed to be 87% combining evidence 
from both previous DTG studies and studies with other two-drug
regimen.

NI margin 
justification

A 10% noninferiority margin for treatment-naïve subjects is in 
accordance with current FDA guidance (Food and Drug Administration 
2015).

Analysis 
populations

Intent-to-Treat Exposed (ITT-E): all randomized subjects who 
received at least one dose of study medication, assessed according to 
their randomized treatment regardless of the treatment they receive.
This population serves as primary for all efficacy analyses. 
Per Protocol: subjects in the ITT-E population with the exception of 
significant protocol deviators, e.g., deviations that could affect the 
assessment of antiviral activity. Unless otherwise stated, the PP 
population will be used for the sensitivity analyses of the primary 
efficacy endpoint.
Safety: subjects who receive at least one dose of study medication, 
assessed according to their actual treatment they received.
Viral Genotypic: subjects in the ITT-E population who have available 
on-treatment genotypic resistance data

Primary efficacy 
analysis

The primary analysis method for the proportion of responders at week 
48 using a Cochran-Mantel-Haenszel test stratified by baseline plasma 
HIV-1 RNA ( versus >100,000 copies/mL) and baseline CD4+ cell 
count ( versus >200 cells/mm3). The FDA Snapshot approach was 
used as the primary approach to analysis with respect to the proportion 
of subjects with virologic response (HIV-1 RNA <50 copies/mL): all 
missing data were treated as failures regardless of the reason. 
Noninferiority was concluded if the lower bound of a two-sided 95% 
confidence interval for the difference in response rates between the two 
treatment arms (DTG+3TC – DTG+TDF/FTC) was greater than -10%.
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Secondary efficacy 
analyses

Time to Viral Suppression: Time to first viral load <50 copies/mL
analyzed using Kaplan-Meier method censoring subjects who fail to 
meet this criterion or prematurely discontinue from the study. 
Differences between treatment arms compared using a generalized 
Wilcoxon test.
Change from Baseline in CD4+ Cell Count: Mixed effects models 
including baseline CD4+ cell count and treatment as covariates.
Missing data imputed using a multivariate normal imputation model 
with Markov Chain Monte Carlo approach to estimate posterior 
distributions. 
Proportion of subjects with HIV-1 RNA <50 copies/mL at Week 
24, <40 copies/mL at Week 48: analyzed using the same approach as 
outlined for the primary efficacy endpoint
Change from Baseline in EQ-5D-5L Utility Score and Visual 
Analog Scale: Mixed Model Repeated Measures adjusting for 
treatment, baseline HIV and CD4+ strata and baseline EQ-5D-5L with 
visit as the repeated factor. Missing data were imputed using a last-
observation-carried forward approach.

Sensitivity and 
supportive 
statistical analyses

Analyses of the primary endpoint in the per protocol and ITT 
populations
Assessment of treatment heterogeneity: The weighted least squares 
chi-squared statistic (Fleiss 1981) will be used to test for one-way 
homogeneity across the levels of each categorical variable, with each 
categorical variable considered separately. Tests of homogeneity will 
be assessed at the one-sided 10% level of significance.

Interim analyses Week 24 unblinded analysis of the primary endpoint to fulfill EMA 
requirements. Subjects and investigators remained blinded to treatment 
assignment. Additional analyses of the primary endpoint will be on 
Week 96 and 144 data.

16. Efficacy Assessment Additional 
Information and Assessment

This section includes additional information including pooled subject baseline characteristics, 
secondary and supportive analyses of the GEMINI-1 and GEMINI-2 trials.

16.1. Pooled Subject and Disease Characteristics
The following two tables provide the baseline subject and disease characteristics of the pooled 
trials. The characteristics by individual trial are provided in Table 6 and Table 7 in Section 6.3.
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Table 32. Subject Characteristics (Pooled GEMINI-1 and GEMINI-2)

Characteristic

DTG+3TC
n=716
n (%)

DTG+TDF/FTC
n=717
n (%)

Sex, n (%)
Male 603 (84.2) 619 (86.3)
Female 113 (15.8) 98 (13.7)

Age, years
Mean (SD) 34.3 (10.3) 34.7 (10.5)
Median (min, max) 32 (18, 72) 33 (18, 70)

Age groups (years), n (%)
18 to <35 420 (58.7) 408 (56.9)
35 to <50 231 (32.3) 229 (31.9)

65 (9.1) 80 (11.2)
Race, n (%)

White 480 (67.0) 497 (69.3)
Black/African American 99 (13.8) 76 (10.6)
Asian 71 (9.9) 72 (10.0)
Other 66 (9.2) 72 (10.0)

Ethnicity, n (%)
Hispanic 215 (30) 232 (32.4)
Non-Hispanic 501 (70) 485 (67.6)

Country of participation, n (%)
United States 129 (18) 119 (16.6)
Argentina 91 (12.7) 91 (12.7)
Italy 67 (9.4) 61 (8.5)
Russia 79 (11) 83 (11.6)
Spain 77 (10.8) 86 (12)
Taiwan 56 (7.8) 60 (8.4)
Mexico 50 (7) 52 (7.3)
Canada 21 (2.9) 25 (3.5)
Other* 146 (20.4) 140 (19.5)

Hepatitis C Positive 39 (5.4) 49 (6.8)
Smoking Status

Current 273 (38.1) 273 (38.1)
Former 89 (12.4) 85 (11.9)
Never 354 (49.4) 359 (50.1)

10-Year CHD Risk
<10% 632 (88.3) 621 (86.6)
10-20% 58 (8.1) 56 (7.8)

21 (2.9) 34 (4.7)
Abbreviations: 3TC, lamivudine; CHD, coronary heart disease; DTG, dolutegravir; FTC, emtricitabine; SD, standard deviation; TDF, 
tenofovir disoproxil fumarate.
Source: Reviewer analysis of adsl.xpt, adds.xpt
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Table 33. Screening & Baseline HIV Disease Characteristics (Pooled GEMINI-1 and GEMINI-2)

Characteristic

DTG+3TC
n=716
n (%)

DTG+TDF/FTC
n=717
n (%)

Baseline CD4+ Cell Count (cells/mm3)
Mean (SD) 462 (219.2) 461.3 (213.1)
Median 427 438
Range 19,1399 19, 1497

Baseline CD4+ Cell Count Group (cells/mm3) (%)
<50 8 (1.1) 9 (1.3)
50 to <200 55 (7.7) 45 (6.3)
200 to <350 179 (25) 166 (23.2)
350 to <500 204 (28.5) 228 (31.8)
500+ 270 (37.7) 269 (37.5)

Baseline HIV-1 RNA (copies/mL) (%)
576 (80.4) 564 (78.7)

>100,000 140 (19.6) 153 (21.3)
Screening HIV-1 RNA (copies/mL) (%)

570 (79.6) 570 (79.5)
>100,000 146 (20.4) 147 (20.5)

HIV Subtype (%)
A 86 (12) 78 (10.9)
B 467 (65.2) 488 (68.1)
Other 163 (22.8) 151 (21.1)

CDC HIV Stage (%)
1 257 (35.9) 263 (36.7)
2 392 (54.7) 393 (54.8)
3 66 (9.2) 60 (8.4)

Abbreviations: 3TC, lamivudine; CDC, Centers for Disease Control; DTG, dolutegravir; FTC, emtricitabine; HIV, human 
immunodeficiency virus; SD, standard deviation; TDF, tenofovir disoproxil fumarate.
Source: Reviewer analysis of adsl.xpt

16.2. GEMINI-1 and GEMINI-2 Trials Secondary 
Analyses

Secondary Analysis with the Primary Endpoint at Week 24
Multiple analyses of the primary endpoint were performed including assessing the results at the 
Week 24 assessment,  

. Results are provided below and are consistent with the results of 
the Week 48 primary analysis

Reference ID: 4416188

(b) (4)



NDA 211994
Dolutegravir and lamivudine (DOVATO)

77
Integrated Review Template, version date 2019/03/29

Table 34. Secondary Analysis: Week 24 HIV-1 RNA<50 copies/mL (ITT-E)

Week 24

GEMINI-1 GEMINI-2 Pooled

DTG+3TC
n=356

DTG+TDF/
FTC

n=358
DTG+3TC

n=360
DTG+TDF/

FTC
n=359

DTG+3TC
n=716

DTG+TDF/
FTC

n=717
HIV-1 RNA <50 
copies/mL 329 (92.4) 333 (93.0) 338 (93.9) 337 (93.9) 667 (93.1) 670 (93.4)

Adj. Diff^, 95% CI -0.44 (-4.23, 3.35) 0.11 (-3.35, 3.58) -0.20 (-2.8, 2.4)
Failure Reasons
HIV-1

copies/mL 13 (3.7) 10 (2.8) 11 (3.1) 10 (2.8) 24 (3.3) 20 (2.8)

Data in window, 
opies/mL 11 9 9 9 20 18

Discontinued, RNA 
opies/mL 1 1 2 1 3 2

Change in ART 1 0 0 0 1 0
No Virologic Data 14 (3.9) 15 (4.2) 11 (3.1) 12 (3.3) 25 (3.5) 27 (3.8)

On study, missing 
data 0 2 3 0 3 2

Discontinued, non-
AE reasons 11 7 5 8 6 5

Discontinued, AE 
reasons 3 6 3 4 6 10

^Adjusted difference (DTG+3TC – DTG+TDF/FTC) using a stratified analysis with Cochran-Mantel-Haenszel (CMH) weights, 
adjusted by baseline RNA ( 100,000 versus >100,000) and baseline CD4+ ( 200 versus >200 cell/mm3).
Abbreviations: 3TC, lamivudine; AE, adverse event; ART, antiretroviral therapy; CI, confidence interval; DTG, dolutegravir; FTC, 
emtricitabine; HIV, human immunodeficiency virus; ITT-E, intent-to-treat exposed; RNA, ribonucleic acid; TDF, tenofovir disoproxil 
fumarate.
Source: Reviewer analysis of adsl.xpt, adsnap.xpt

Secondary Analysis with the Primary Efficacy Endpoint at Week 48 (using Per Protocol 
Population)
In both GEMINI-1 and GEMINI-2, over 96% of the ITT-E population were included in the per 
protocol population, which excluded subjects with major protocol violations, e.g., violations 
which could affect the assessment of antiviral activity. The assessment of the primary efficacy 
endpoint in this subset is consistent to the results in the primary efficacy population (ITT-E) 
demonstrating noninferiority of DTG+3TC to the comparator, DTG+TDF/FTC in both trials. 
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Table 35. Secondary Analysis: Week 48 HIV-1 RNA <50 copies/mL (Per Protocol)

Week 48

GEMINI-1 GEMINI-2 Pooled

DTG+3TC
n=345

DTG+TDF
/FTC

n=346
DTG+3TC

n=349
DTG+TDF/

FTC
n=347

DTG+3TC
n=694

DTG+TDF
/FTC

n=693
HIV RNA <50 
copies/mL 317 (91.9) 325 (93.9) 328 (94) 329 (94.8) 645 (92.9) 654 (94.4)

Adj. Diff^, 95% CI -1.92 (-5.73, 1.89) -0.74 (-4.14, 2.66) -1.34 (-3.90, 1.21)
Failure Reasons
HIV-1
copies/mL 11 (3.2) 4 (1.2) 5 (1.4) 6 (1.7) 16 (2.3) 10 (1.4)

Data in window, 
opies/mL 5 3 2 2 7 5

Discontinued, lack 
of efficacy 3 1 2 1 5 2

Discontinued, RNA 
opies/mL 3 0 1 3 4 3

No Virologic Data 17 (4.9) 17 (4.9) 16 (4.6) 12 (3.5) 33 (4.8) 29 (4.2)
On study, missing 
data 1 0 1 0 3 2

Discontinued, non-
AE reasons 11 9 10 9 21 18

Discontinued, AE 
reasons 5 8 5 3 10 11

Abbreviations: 3TC, lamivudine; AE, adverse event; CI, confidence interval; DTG, dolutegravir; FTC, emtricitabine; HIV, human
immunodeficiency virus; RNA, ribonucleic acid; TDF, tenofovir disoproxil fumarate

Change from Baseline in CD4+ cell count (Applicant’s Analysis)
The Applicant’s analysis of change from baseline in CD4+ cell count at Week 48 imputed 
missing values using a Markov Chain Monte Carlo approach assuming a noninformative prior 
and data missing at random. An ANCOVA (analysis of covariance) model was constructed for 
each of the 1000 imputed datasets adjusting for baseline CD4+ cell count, baseline HIV-1 RNA 
( or > 100,000 copies/mL) and treatment. These estimates were combined to produce one mean 
with 95% CIs and adjusted mean differences. The adjusted mean changes from baseline were 
similar between treatment arms across trials and the adjusted mean differences between 
treatment arms were neither statistically- nor clinically-significant as shown in Table 36. The 
pooled findings (not shown) were consistent with those by trial yielding adjusted mean changes 
from baseline (se) of 224 (7) and 217 (7) DTG+3TC and DTG+TDF/FTC arms, respectively,
and an adjusted difference (95% CI) in mean changes of 6.8 (-12.5 to 26.1) cells/mm3. The 
statistical review replicated these analyses using fewer imputations (n=50) and produced similar 
results (not shown).
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Table 36. Week 48 Change from Baseline in CD4+ Cell Count (Applicant’s Analysis)

Week 48

GEMINI-1 GEMINI-2

N
Mean 
(SE)
BL

Adjusted 
Mean (SE) 

Change from 
BL

Adjusted 
Mean Diff, 

95% CI
N

Mean 
(SE)
BL

Adjusted 
Mean (SE) 

Change from 
BL

Adjusted 
Mean Diff, 

95% CI

Multiple Imputation using Missing at Random Approach at Week 48 in CD4+ Cell Count (cells/mm3)

DTG+3TC 356 464.2 
(11.1) 222.2 (10.3)

4.5 
(-24.0, 33.0)

360 459.8 
(11.7) 225.9 (9.4)

8.9 
(-17.3, 35.2)DTG+TDF/FTC 358 453.6 

(11.1) 217.8 (10.2) 359 469.0 
(11.8) 216.9 (9.5)

Adjusted mean difference in change from baseline at Week 48: DTG+3TC – DTG+TDF/FTC by baseline CD4+ cell count, baseline 
HIV-1 RNA ( or > 100,000 copies/mL) and treatment.
Abbreviations: 3TC, lamivudine; BL, baseline CD4+ cell count (cells/mm3); CI, confidence interval; DTG, dolutegravir; FTC, 
emtricitabine; SE, standard error; TDF, tenofovir disoproxil fumarate
Source: Adapted from Applicant’s analyses of multiple imputation and mixed model repeated measures using adlb.xpt and adsl.xpt
datasets

Time to Viral Suppression
Time to viral suppression was defined as the time from randomization until the first HIV-1 RNA 
<50 copies/mL while censoring subjects at time of premature withdrawal or at the Week 48 
assessment, whichever occurred first. In both trials, the median time to viral suppression was 4.1 
weeks (29 days) with no marked differences between treatment arms (p-value=0.56, GEMINI-1; 
p-value=0.83 GEMINI-2; Wilcoxon log-rank test) across the trials. In GEMINI-1, six subjects in 
each arm were censored. In GEMINI-2, one subject in each arm was censored. 

Figure 3. Time to Viral Suppression (HIV-1 RNA <50 copies/mL), GEMINI-1 and GEMINI-2
GEMINI-1 GEMINI-2

Abbreviations: 3TC, lamivudine; DTG, dolutegravir; FTC, emtricitabine; HIV, human immunodeficiency virus; RNA, ribonucleic acid; 
TDF, tenofovir disoproxil fumarate.
Source: Reviewer analysis of adtte.xpt

Subgroup analyses of time to viral suppression by baseline HIV-1 RNA yielded median times 
approximately 4 weeks in both treatment arms in the HIV-1 RNA 100,000 copies/mL subgroup 
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and approximately 8 weeks in both treatment arms in the HIV-1 RNA >100,000 to 500,000
copies/mL subgroup with no differences observed between treatment arms or between trials. 
Time to viral suppression analysis in the subgroup of subjects with a baseline viral load 
>500,000 copies/mL was not possible due to the limited sample size.

Proportion of Subjects Achieving HIV-1 RNA <40 copies/mL by Visit
The statistical review analyzed the proportion of subjects who achieved an HIV-1 RNA endpoint 
using a more sensitive assay (HIVA RNA <40 copies/mL) by protocol-specified visit. At Week 
48, the proportions meeting this endpoint in GEMINI-1 were 88.8% and 92.2% in DTG+3TC 
and DTG+TDF/FTC, respectively. In GEMINI-2, the proportions <40 copies /mL were 91.7% 
and 92.% in the DTG+3TC and DTG+TDF/FTC arms, respectively. As shown in the figure 
below, the proportion of subjects achieving viral suppression (HIV RNA<40 copies /mL) was 
similar between arms across trials. This analysis treats all missing data as failure. 

Figure 4. Proportion of Achieving HIV-1 RNA <40 copies/mL by Visit and Trial

Abbreviations: 3TC, lamivudine; DTG, dolutegravir; FTC, emtricitabine; HIV, human immunodeficiency virus; RNA, ribonucleic acid; 
TDF, tenofovir disoproxil fumarate.
Source: Reviewer analysis of adsnap40.xpt

Health Outcomes Endpoints
A predefined secondary endpoint was change in health-related quality-of-life (QoL) between 
treatment arms measured using the EQ-5D-5L, which is a standardized, generic questionnaire to 
assess patient function and global health state rating in a diverse patient population. However, 
the EQ-5D-5L is not validated for use in evaluating treatment effect in an HIV-1 infected 
population. Therefore, findings from analyses of data collected using this instrument in 
GEMINI-1 and GEMINI-2 are not intended for labeling purposes. 
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The instrument includes two distinct components. The Utility Score ranging in value from -0.281
to 1, comprises five items with one question to assess each of five dimensions of mobility, self-
care, usual activities, pain/discomfort, and anxiety/depression and five levels for each dimension 
of none, slight, moderate, severe and extreme problems. The second component is the Visual 
Analog Scale/Thermometer Scale that assesses overall health, which ranges in value from 0 to 
100. Higher values on each component correspond to better health. The EQ-5D-5L was 
completed at Week 4, 24, 48 (or at time of premature withdrawal) in both trials. Change from 
baseline at each time point was performed using last observation carried forward data. 
The statistical review assessed change from baseline in both components by visit. Overall, there 
were no differences between treatment arms on either component in either trial as illustrated by 
the overlapping box plots at each time point. The Applicant fit mixed effects repeated measures 
models on change from baseline including treatment, baseline CD4+ cell count and HIV-1 RNA, 
and visit and similarly concluded no difference of clinical relevance with similar improvements 
achieved in both treatment arms. 

Figure 5. Change from Baseline in EQ-5D-5L Utility Score

Abbreviations: 3TC, lamivudine; DTG, dolutegravir; FTC, emtricitabine; TDF, tenofovir disoproxil fumarate
Source: Reviewer analyses of adqs.xpt dataset
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Figure 6. Change from Baseline in EQ-5D-5L Visual Analogue Scale

Abbreviations: 3TC, lamivudine; DTG, dolutegravir; FTC, emtricitabine; TDF, tenofovir disoproxil fumarate
Source: Reviewer analyses of adqs.xpt dataset

16.3. Subgroup Analyses
The statistical reviewer performed several subgroup analyses on the primary efficacy endpoint of 
HIV RNA <50 copies/mL at Week 48 on selected subject baseline demographics (age, sex, race, 
ethnicity, region and continent) and disease characteristics (baseline and screening CD4+ cell 
count category, HIV-1 subtype, and hepatitis C status) (Table 37 and Table 38). The 95% 
confidence intervals were calculated using the Wilson score method. This method results in 
confidence intervals with a higher probability of containing the true parameter (i.e., greater level 
of coverage) than confidence intervals generated using the Wald method, which was utilized by
the Applicant. Despite the use of the two different methods, the overall findings between the 
Applicant and the reviewer do not differ greatly. Additionally, these analyses are unadjusted as 
small sample sizes in one or more subgroups prevented use of adjustment methods. 
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Table 37. Subgroup Analyses of the Primary Endpoint by Baseline Demographics, Trial and 
Treatment Arm

GEMINI-1 GEMINI-2

Characteristic
DTG+3TC
(N=356)

DTG+TDF/FTC
(N=358)

DTG+3TC
(N=360)

DTG+TDF/FTC
(N=359)

Age n/N (%) n/N (%) n/N (%) n/N (%)
<35 194/211 (91.9) 191/205 (93.2) 192/209 (91.9) 190/203 (93.6)

Diff1 -1.2 (-6.5, 4.0) -1.7 (-7.0, 3.5)
35-<50 100/116 (86.2) 101/107 (94.4) 111/115 (96.5) 115/122 (94.3)

Diff -8.2 (-16.4, -0.4) 2.3 (-3.6, 8.4)
50 26/29 (89.7) 40/46 (87) 32/36 (88.9) 32/34 (94.1)

Diff 2.7 (-15.1, 17.6) -5.2 (-20.6, 9.7)
Sex
Male 268/297 (90.2) 283/306 (92.5) 287/306 (93.8) 297/313 (94.9)

Diff -2.2 (-6.9, 2.3) -1.1 (-4.9, 2.6)
Female 52/59 (88.1) 49/52 (94.2) 48/54 (88.9) 40/46 (87)

Diff -6.1 (-17.8, 5.4) 1.9 (-11.4, 16.2)
Race
Black 39/44 (88.6) 29/36 (80.6) 44/55 (80) 35/40 (87.5)

Diff 8.1 (-8.0, 25.5) -7.5 (-22.3, 8.6)
White 219/243 (90.1) 232/248 (93.6) 228/237 (96.2) 239/249 (96)

Diff -3.4 (-8.5, 1.5) 0.2 (-3.5, 3.9)
Asian 34/37 (91.9) 41/42 (97.6) 33/34 (97.1) 27/30 (90)

Diff -5.7 (-19.4, 5.4) 7.1 (-6.5, 23.3)
Other 28/32 (87.5) 30/32 (93.8) 30/34 (88.2) 36/40 (90)

Diff -6.3 (-23.0, 9.7) -1.8 (-18.2, 13.5)
Ethnicity
Non-Hispanic 215/236 (91.1) 228/247 (92.3) 247/265 (93.2) 225/238 (94.5)

Diff -1.2 (-6.3, 3.8) -1.3 (-5.7, 3.1)
Hispanic 105/120 (87.5) 104/111 (93.7) 88/95 (92.6) 112/121 (92.6)

Diff -6.2 (-14.2, 1.5) 0 (-7.9, 7.3)
Region 1
U.S. 51/61 (83.5) 41/52 (78.9) 57/68 (83.8) 61/67 (91.0)

Diff 4.8 (-9.8, 19.9) -7.2 (-19.1, 4.3)
Non-U.S. 269/295 (91.2) 291/306 (95.1) 278/292 (95.2) 276/292 (94.5)

Diff -3.9 (-8.2, 0.1) 0.7 (-3.0, 4.5)
Continent
Africa 3/4 (75) 3/3 (100) - -

Diff -25 (-72.3, 43.8) -
Asia 30/32 (93.8) 35/36 (97.2) 26/27 (96.3) 25/28 (89.3)

Diff -3.5 (-17.9, 8.9) 7.0 (-9.3, 24.3)
Australia 5/6 (83.3) - 8/8 (100) 6/6 (100)

Diff - 0 (-34.1, 40.8)
Europe 140/154 (90.9) 160/169 (94.7) 174/183 (95.1) 168/176 (95.5)

Diff -3.8 (-10, 1.9) -0.4 (-5.1, 4.4)
N. America 92/105 (87.6) 86/100 (86) 83/95 (87.4) 87/96 (90.6)

Diff 1.6 (-7.9, 11.3) -3.3 (-12.7, 5.9)
S. America 50/55 (90.9) 48/50 (96) 44/47 (93.6) 51/53 (96.2)

Diff -5.1 (-16.3, 5.6) -2.6 (-14, 7.4)
1 Diff = differences in proportion of subjects with <50 copies/mL (DTG+3TC – DTG+TDF/FTC) at Week 48, presented with (95% CI)
95% CIs calculated using a Wilson Score Method (note: The Applicant used the Wald method).
Abbreviations: 3TC, lamivudine; DTG, dolutegravir; FTC, emtricitabine; TDF, tenofovir disoproxil fumarate; N, number in group; n, 
number with characteristic.
Source: Reviewer analyses of adsl.xpt, adsnap.xpt
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Table 38. Subgroup Analyses of the Primary Endpoint by Baseline Disease Characteristics, Trial 
and Treatment Arm

Disease Characteristic

GEMINI-1 GEMINI-2
DTG+3TC
(N=356)
n/N (%)

DTG+TDF/FTC
(N=358)
n/N (%)

DTG+3TC
(N=360)
n/N (%)

DTG+TDF/FTC
(N=359)
n/N (%)

Baseline CD4+ Cell Count (cell/mm3)
200 25/31 (80.7) 26/29 (89.7) 25/32 (78.1) 25/26 (96.2)

Diff -9.0 (-28.0, 10.3) -18.0 (-35.9, -0.04)
>200 295/325 (90.8) 306/329 (93) 310/328 (94.5) 312/333 (93.7)

Diff -2.2 (-6.6, 2.0) 0.8 (-2.9, 4.6)

Screening CD4+ Cell Count (cell/mm3)
200 18/24 (75) 21/25 (84) 23/28 (82.1) 27/29 (93.1)

Diff -9.0 (-32.2, 14.4) -11.0 (-30.1, 7.2)
>200 302/332 (91) 311/333 (93.4) 312/332 (94) 310/330 (93.9)

Diff -2.4 (-6.7, 1.7) 0.04 (-3.7, 3.8)
HIV-1 Subtype
A 44/45 (97.8) 39/43 (90.7) 40/41 (97.6) 35/35 (100)

Diff 7.1 (-3.5, 19.8) -2.4 (-12.7, 7.7)
B 211/237 (89.0) 219/236 (92.8) 213/230 (92.6) 233/252 (92.5)

Diff -3.8 (-9.2, 1.5) 0.1 (-4.8, 5.0)
Other 65/74 (87.8) 74/79 (93.7) 82/89 (92.1) 69/72 (95.8)

Diff -5.8 (-16.1, 3.6) -3.7 (-11.9, 4.6)
Hepatitis C Status*
Positive 22/26 (84.6) 22/28 (78.6) 12/13 (92.3) 19/21 (90.5)

Diff 6.0 (-15.9, 27.4) 1.8 (-25.7, 23.4)
Negative 298/329 (90.6) 310/330 (93.9) 323/347 (93.1) 318/338 (94.1)

Diff -3.4 (-7.6, 0.7) -1.0 (-4.8, 2.8)
1 Diff = differences in proportion of subjects with <50 copies/mL (DTG+3TC – DTG+TDF/FTC) at Week 48, presented with (95% CI)
95% CIs calculated using a Wilson Score Method (note: The Applicant used the Wald method).
* Status missing for one subject in GEMINI-1, DTG+3TC arm, subject did not meet primary endpoint due to premature trial 
discontinuation (noncompliance with protocol procedures).
Abbreviations: 3TC, lamivudine; DTG, dolutegravir; FTC, emtricitabine; HIV, human immunodeficiency virus; RNA, ribonucleic acid; 
TDF, tenofovir disoproxil fumarate; N, number in group; n, number with characteristic.
Source: Reviewer analyses of adsl.xpt, adsnap.xpt
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Table 39. Listing of Subjects with Baseline CD4+ Cell Count cells/mm3 Snapshot Failures at Week 48 in GEMINI-1 and GEMINI-2
Treatment 
Arm

GEMINI 
Trial Subject ID Virologic Outcome

Reason for Study 
Outcome

Reason for Study 
Withdrawal TRDF? Comments

DTG+3TC 1 204861 No Virologic Data Discontinued 
study

Investigator 
discretion No Cerebral chagoma. Last viral 

load: <40 c/mL
DTG+3TC 1 204861 HIV- Data in window Continued in study No Last viral load: 112 c/mL

DTG+3TC 1 204861 No Virologic Data Discontinued Investigator 
discretion No Protocol deviation: screening 

viral load was 2,205,000 c/mL

DTG+3TC 1 204861 No Virologic Data Discontinued Adverse event No Pulmonary tuberculosis. Last 
viral load: <40 c/mL

DTG+3TC 1 204861 HIV- Discontinued Lack of efficacy Yes Confirmed virologic 
withdrawal

DTG+3TC 1 204861 HIV- Discontinued Lost to follow-up No Last viral load: 64,366 c/mL
DTG+3TC 2 205543 No Virologic Data Discontinued Lost to follow-up No Last viral load: <40 c/mL
DTG+3TC 2 205543 HIV- Data in window Continued in study No Last viral load: 72 c/mL

DTG+3TC 2 205543 HIV- Discontinued Protocol Deviation No Positive HBV DNA. Last viral 
load: 102 c/mL (Study Day 15)

DTG+3TC 2 205543 No Virologic Data Discontinued Investigator 
discretion No Treatment for chronic HCV

DTG+3TC 2 205543 No Virologic Data Discontinued 
study Withdrew consent No Last viral load: <40 c/mL

DTG+3TC 2 205543 HIV- Data in window Continued in study No Last viral load: 71 c/mL

DTG+3TC 2 205543 HIV- Change in ART Subject incarcerated 
study Day 312 No Last viral load: <40 c/mL

DTG+TDF/
FTC 1 204861 No Virologic Data Discontinued Lost to follow-up No Last viral load: <40 c/mL

DTG+TDF/
FTC 1 204861 HIV- Discontinued Investigator 

discretion No Subject was incarcerated. Last 
viral load: 284 (Study Day 55)

DTG+TDF/
FTC 1 204861 HIV- Data in window Continued in study No Last viral load: 69 c/mL

DTG+TDF/
FTC 2 205543 No Virologic Data Discontinued Withdrew consent No Last viral load: <40 c/mL
Abbreviations: 3TC, lamivudine; ART, antiretroviral therapy; c/mL, copies/mL; DTG, dolutegravir; FTC, emtricitabine; HBV, hepatitis B virus; HIV, human immunodeficiency virus; RNA, 
r bonucleic acid; c/mL, copies/mL; TDF, tenofovir disoproxil fumarate; TDF, tenofovir disoproxil fumarate; TRDF, treatment-related drug failure.
Source: Reviewer analysis.
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17. Clinical Safety Assessment Additional 
Information and Assessment

17.1. Narratives of Deaths
Subject 205543  was a 37-year-old white, Hispanic male in Argentina with a baseline 
HIV-1 RNA of 13,711 copies/mL and CD4+ cell count of 420 cells/mm3. He was randomized to 
the DTG+3TC group, and he achieved and maintained virologic response by his Week 4 visit. 
On Study Day 158, the subject reported left axillary pain and was admitted to the hospital. 
Ultrasound and computerized tomography (CT) scans confirmed the presence of an axillary 
mass. Fine needle aspiration of the mass showed reactive lymphadenitis only. Subsequently, the 
subject started complaining of myopathy. Serum creatine kinases and lactate dehydrogenase 
were reported as mildly elevated. On Study Day 189, the subject developed onset of abdominal 
pain, which became severe. Study drug was discontinued on Study Day 191. A CT scan of the 
abdomen revealed hepatosplenomegaly, a lymph node mass in the lower curvature of the 
stomach and splenic, pancreatic tail and suprarenal lesions, and nephrolithiasis. The subject 
underwent an esophagogastroduodenoscopy, which showed gastric fundal and duodenal ulcers. 
Lab findings were notable for a hemoglobin of 12.7 g/dL during admission that fell to 8.4 g/dL 
four days later. There was no melena or obvious gastrointestinal (GI) blood loss. On Study Day 
206, the subject became hypotensive, went into cardiac arrest, and died. The reason for the 
cardiac arrest is unclear, but considerations included hypovolemia due to GI bleeding or septic 
shock. An autopsy was not performed. The final biopsy result of the left axillary mass was 
Burkitt’s lymphoma, and the overall assessment was that the cause of death was Burkitt’s 
lymphoma. The event was not related to study drug.

Subject 205543  was a 45-year-old white male in Italy with a baseline HIV-1 RNA of 
69,473 copies/mL and a CD4+ cell count of 229 cells/mm3. He was randomized to the DTG+3TC 
group, and he achieved and maintained virologic response by his Week 8 visit. Concurrent 
medical conditions included possible drug abuse by the subject in the week prior to the death. 
Study drug was discontinued on Study Day 357. On Study Day 357, the subject visited the 
emergency room with chest pain, had a cardiac arrest and died. The subject was a smoker and 
autopsy found acute myocardial infarction of the posterior wall of the left ventricle with 
additional findings suggestive of untreated hypertension. The investigator did not consider the 
event related to study drug.
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17.2. Drug-Related Serious Adverse Events
Table 40. Drug-Related Serious Adverse Events

Description of 
Actual Arm

Unique
Subject 
ID

Study 
Day
Start of 
AE

Study 
Day
End of 
AE

Dictionary-
Derived Term Notes

DTG+3TC 204861. 1 7

Substance-
induced 
psychotic 
disorder

29 year-old male with a history of crystal 
meth use developed visual hallucinations 
and paranoid ideation upon relapse of 
crystal meth use.

DTG+3TC 204861. 353 - Psychotic 
disorder

37 year-old male with a history of anxiety
and depression; experienced worsening of 
depression including agitation and 
psychosis

DTG+3TC 205543. 137 157 Suicidal ideation
30 year-old male reported having thoughts 
of jumping in front of a car triggered by 
ongoing psychosocial stressors

DTG+3TC 205543. 60 215 Hepatotoxicity

25 year-old male recovering from hepatitis 
A at screening and past history of alcohol 
abuse, developed new asymptomatic ALT 
(458) and AST (154) increase (normal 
bilirubin and alkaline phosphate).

DTG+TDF/FTC 204861. 13 28 Rhabdomyolysis

53 year-old female developed worsening 
arthralgias and new onset Grade 3 
myalgias w/ CPK (11732 IU/L; 
>100 x ULN), AST (260 IU/L; 9.6 x ULN), 
and ALT (62 IU/L; 2.4 x ULN). No 
associated hematuria or renal impairment; 
no history of unusual exercise, trauma, or 
seizure.

DTG+TDF/FTC 205543. 111 142 Suicidal ideation

28 year-old male with a history of
depression 
previous suicide attempt (8 years earlier, 
drug overdose), ingested cocaine and was 
hospitalized for 2 weeks due to 
depression.

DTG+TDF/FTC 205543. 98 104 Cholelithiasis
39 year-old male presented on two
occasions with biliary colic, confirmed by 
ultrasound, cholecystectomy same day

DTG+TDF/FTC 205543. 512 512 Suicide attempt

36 year-old male with a history of 
depression but not on any psychiatric 
medication. Developed depression on 
study Day 490 with a suicide attempt by 
overdose of acetaminophen and tramadol
on Day 512.

Abbreviations: 3TC, lamivudine; AE, adverse event; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CPK, 
creatine phosphokinase; DTG, dolutegravir; FTC, emtricitabine; TDF, tenofovir disoproxil fumarate; ULN, upper limit of normal.
Source: Reviewer’s analysis of narratives and JReview GPP

17.3. Treatment-Emergent Adverse Events
TEAEs (regardless of assessment of causality by the investigator) are summarized in Table 41.
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Table 41. Treatment-Emergent Adverse Events Reported in >3% in the DTG+3TC arm, All Grades, 
GEMINI-1 and GEMINI-2, Week 48 Safety Population

Dictionary-Derived Term1
DTG+3TC (N=716) DTG+TDF/FTC (N=717)

Events Subjects % Events Subjects %
Headache 96 71 9.9 109 75 10.5
Diarrhea 82 68 9.5 93 77 10.7
Upper respiratory tract infection 64 56 7.8 53 44 6.1
Nasopharyngitis 73 55 7.7 97 78 10.9
Pharyngitis 40 36 5.0 37 32 4.5
Back pain 43 35 4.9 34 31 4.3
Abdominal pain2 35 32 4.5 51 41 5.7
Fatigue3 37 31 4.3 34 33 4.6
Bronchitis 30 28 3.9 23 21 2.9
Syphilis 31 28 3.9 27 27 3.8
Insomnia 28 27 3.8 51 45 6.3
Nausea 27 27 3.8 57 53 7.4
Fatigue 27 23 3.2 19 18 2.5
Pyrexia 27 23 3.2 18 16 2.2
Influenza 24 22 3.1 32 28 3.9
1 Adverse events are shown regardless of causality and may have occurred more than once per subject. Adverse events are sorted 
in descending order of incidence in the DTG+3TC arm.
2 Includes pooled terms: abdominal discomfort, abdominal pain, abdominal pain lower, abdominal pain upper, epigastric discomfort, 
and gastrointestinal pain
3 Includes pooled terms: fatigue, asthenia, malaise
Abbreviations: 3TC, lamivudine; DTG, dolutegravir; FTC, emtricitabine; TDF, tenofovir disoproxil fumarate.
Data Source: Revised ADAE datasets in the integrated summary of safety (ISS). Analysis by MAED and JReview.

17.4. Discontinuations Due to Adverse Events
Adverse events leading to withdrawal or permanent discontinuation of study drug are listed in 
Table 42.
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Table 42. Adverse Events Leading to Discontinuation from Study Drug, GEMINI-1 and GEMINI-2, Week 48 Safety Population

Treatment 
Arm Subject ID

MedDRA Dictionary-
Derived Term

Onset of 
AE

Study Day

Study Day of 
Study

Discontinuation SAE Grade
Study Drug 

Related Hospitalized Death
DTG+3TC 204861 Substance-induced psychotic disorder 1 28 Yes 3 Yes No No

204861 Sleep disorder 1 113 No 2 Yes No No
204861 Suicide attempt 427 456 Yes 4 No Yes No
204861 Pulmonary tuberculosis 169 206 No 2 No No No
204861 Hepatitis A 164 233 No 2 No No No
204861 Acute hepatitis C

Hepatitis A
31
31

66
66

Yes
Yes

4
4

No
No

No
No

No
No

204861 Insomnia
Psychotic disorder

353
353

66
66

No
Yes

2
3

No
Yes

No
No

No
No

205543 Burkitt’s lymphoma 158 206 Yes 5 No Yes Yes
205543 Suicidal ideation 137 169 Yes 3 Yes No No
205543 Acute myocardial infarction 357 357 Yes 5 No No Yes
205543 Hepatotoxicity 60 155 Yes 1 Yes No No
205543 Tuberculous pleurisy 131 188 Yes 2 No Yes No
205543 Hepatitis alcoholic 337 407 No 3 No No No
205543 Anxiety

Depression
312
312

383
383

No
No

3
3

Yes
Yes

No
No

No
No

205543 Renal impairment 85 120 No 2 No No No
DTG+TDF/
FTC

204861 Creatinine renal clearance decreased 29 150 No 3 Yes No No
204861 Rhabdomyolysis 13 28 Yes 3 Yes No No
204861 Hepatitis C 172 302 No 3 No No No
204861 Drug-induced liver injury 114 185 No 3 No No No
204861 Osteoporosis 30 448 No 2 Yes No No
204861 B-cell lymphoma 28 80 Yes 3 No Yes No
204861 Renal impairment 58 109 No 2 Yes No No
204861 Renal impairment 27 167 No 3 Yes No No
205543 Suicidal ideation 111 151 Yes 3 Yes Yes No
205543 Non-Hodgkin’s lymphoma 62 182 Yes 3 No Yes No
205543 Glomerular filtration rate decreased 322 385 No 3 Yes No No
205543 Alcoholic psychosis 101 134 Yes 2 No Yes No
205543 Anxiety 135 408 No 2 Yes No No
205543 Hepatitis A 54 159 Yes 2 No No No
205543 Hepatitis alcoholic 106 140 No 3 No No No
205543 Depression

Overdose
Suicide attempt

490
512
512

519
519
519

No
No
Yes

3
4
4

Yes
Yes
Yes

No
No
No

No
No
No

Abbreviations: 3TC, lamivudine; AE, adverse event; DTG, dolutegravir; FTC, emtricitabine; MedDRA, Medical Dictionary for Regulatory Activities; SAE, serious adverse event; TDF, 
tenofovir disoproxil fumarate.
Source: Reviewer Analysis of ADAE and ADSL analysis datasets with JMP
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17.5. AEs of Special Interest
17.5.1. Rash and Hypersensitivity Reactions

A detailed analysis of rash and hypersensitivity reactions was performed to evaluate the potential 
for skin reactions because these reactions have previously been identified as safety signals for 
DTG and other INSTIs. As previously noted, both trial arms included DTG; therefore, a 
comparative analysis between arms was not helpful for describing the contribution of DTG to the 
incidence of these events. However, the overall incidence of events are consistent with the prior 
experience described with DTG and DTG-containing regimens. No rash-related events were 
Grade 3 or Grade 4 and none were considered serious. There were no reports of Stevens-Johnson 
syndrome, drug reaction with eosinophilia and systemic symptoms (DRESS), toxic epidermal 
necrolysis or erythema multiforme. Using the pooled terms as listed in Table 43, analyses of rash 
and hypersensitivity reactions were summarized as follows.

Table 43. Pooled Terms for Rash and Hypersensitivity Reactions
Rash-related events Drug hypersensitivity-related events

Any term containing word “rash”
Dermatitis
Dermatitis allergic
Photosensitivity reaction
Urticaria 
Urticaria chronic

Anaphylactic reaction
Anaphylactic shock
Anaphylactoid reaction
Anaphylactoid shock
Anaphylaxis treatment
Drug hypersensitivity
Hypersensitivity

For rash-related events, 31 (4%) of subjects in the DTG+3TC arm reported 35 events, and 44 
(6%) of subjects in the DTG+TDF/FTC arm reported 51 events. All events were Grade 1 or 2. 
The events were considered “related” by the investigator in 2 of the 31 DTG+3TC-treated 
subjects and in 7 of the 44 DTG+TDF/FTC-treated subjects. Most (approximately 80%) events
in either arm occurred within 35 of starting study drug.
Four subjects (<1%) in the DTG+3TC arm and one subject (<1%) in the DTG+TDF/FTC had a 
hypersensitivity-related adverse events. One Grade 3 drug event, in the DTG+TDF/FTC group,
was reported as “worsen allergic reaction” and was described as a hypersensitivity to a 
concomitant respiratory medication. All other events were in the DTG+3TC arm and were Grade 
1 or 2. Verbatim terms were "nonspecific allergic reaction", "allergy to sulfa", and 
"environmental allergy". None of the events in either treatment arm recurred, were serious, were 
considered study drug-related, or led to withdrawal.

17.5.2. Hepatobiliary Analysis
There were no Hy’s Law1 cases or confirmed drug-induced liver injury in either study arm. Of 
note, however, there were 10 subjects who met the following laboratory criteria: postbaseline 
peak alanine aminotransferase greater than three times upper limit of normal (ALT >3× ULN), 

1 Hy’s Law criteria: ALT/AST >3× ULN, accompanied by serum total bilirubin >2× ULN, and no other explanation 
such as viral hepatitis.
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with bilirubin >2× ULN and alkaline phosphatase <2× ULN. Each of these subjects had an 
alternative explanation for elevated transaminases, and most were due to acute hepatitis A 
(HAV) infection (see Table 44). As previously mentioned, there was an ongoing HAV outbreak 
reported among men who have sex with men in many regions during the course of the GEMINI 
trials. For nearly all subjects who had acute HAV, liver function test abnormalities resolved and 
study drug was restarted. One subject (205543 ) withdrew from the study because the 
primary investigator recommended resuming ART prior to liver function tests returning to levels 
permitting study drug restart. Another subject withdrew to start treatment for hepatitis C (HCV).

Table 44. Possible Hy’s Law Cases by Laboratory Criteria,1 GEMINI-1 and GEMINI-2, Week 48 
Safety Population

Subject ID Treatment Arm
AST 
>3× ULN

Alternative 
Diagnosis Outcome

204861 DTG+TDF/FTC No Cholelithiasis Resolved. Remained in study.
204861 DTG+TDF/FTC Yes Acute HAV Resolved. Restarted study drug.
205543 DTG+TDF/FTC Yes Acute 

cholecystitis
Resolved. Restarted study drug.

205543 DTG+TDF/FTC Yes Acute HAV Withdrawn from study by subject
205543 DTG+TDF/FTC No Acute HAV Restart approved but LTFU
204861 DTG+3TC Yes Acute HAV Resolved. Restarted study drug.
204861 DTG+3TC Yes Acute HAV and 

HCV
Withdrawn to start HCV treatment

205543 DTG+3TC Yes Acute HAV Resolved. Restarted study drug.
205543 DTG+3TC Yes Acute HAV Resolved. Restarted study drug.
205543 DTG+3TC Yes Acute HAV Resolved. Restarted study drug.
1 Laboratory criteria: postbaseline peak alanine aminotransferase (ALT) >3×ULN, with bilirubin >2× ULN and a kaline phosphatase 
<2× ULN.
Abbreviations: 3TC, lamivudine; AST, aspartate aminotransferase; DTG, dolutegravir; FTC, emtricitabine; HAV, hepatitis A virus; 
HCV, hepatitis C virus; LTFU, lost to follow-up; TDF, tenofovir disoproxil fumarate; ULN, upper limit of normal.
Source: Reviewer analysis of LB STDM and ADLB analysis datasets in the ISS, JReview.

One subject (204861 in the DTG+TDF/FTC arm) had postbaseline ALT elevation, but 
the maximum bilirubin value and maximum ALT value were >28 days apart. The Grade 3 
elevation at Week 8 was considered to be related to either Epstein-Barr virus mononucleosis or 
levofloxacin therapy.
There was one drug-related SAE that was considered a possible case of drug-induced 
hepatotoxicity. Subject 205543 was a 25-year-old black male in the DTG+3TC arm with 
past history of alcohol abuse who was recovering from hepatitis A at screening. On Study Day 
60 he developed new asymptomatic ALT (458) and AST (154) increase on Day 60. Bilirubin, 
alkaline phosphatase and an ultrasound of the liver were normal. No liver biopsy was done. 
Positive anti-smooth muscle antibodies and ongoing alcohol use were reported. Study drug was 
discontinued and replaced with FTC/TAF/RPV. Liver enzymes subsequently normalized.
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Figure 7. Liver Function Tests for Possible Case of Drug-Induced Liver Injury, Subject 
205543.

Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BILDIR, direct 
bilirubin; BILI, bilirubin. Lavender highlight indicates normal range.
Source: Reviewer analysis, JReview GPP (ADLB analysis dataset). 

Consistent with the WARNINGS AND PRECAUTIONS section in the DTG label (Section 5.2 
Hepatotoxicity), a greater proportion of subjects with elevations of transaminases in HCV 
coinfected subjects was reported compared with HCV-negative subjects. Patients with 
underlying hepatitis B or C may be at increased risk for worsening or development of 
transaminase elevations. This warning is included in the DTG/3TC label. Please refer to Section 
II.7.6.6, Adverse Events of Special Interest, for additional detail and discussion.

17.5.3. Hepatoxicity in HBV- and HCV-Coinfected 
Patients

Subjects were excluded from the GEMINI trials if they had evidence of HBV infection at 
screening, if they had an anticipated need for hepatitis C therapy, or if they required initiation of 
interferon therapy. Subjects with severe hepatic impairment (Child-Pugh Class C) were also 
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excluded. Based on screening criteria, there were no HBV-infected subjects in the GEMINI 
trials; however, two subjects were found to have HBV at baseline or after randomization. Subject 
205543 was incorrectly randomized and was subsequently withdrawn due to the protocol 
violation. Subject 205543 had acute hepatitis B, which progressed to chronic hepatitis B 
infection.
In the pooled treatment groups, there were greater proportions of subjects with elevations of 
transaminases and bilirubin in HCV coinfected subjects compared with HCV-negative subjects 
for both treatment groups. In the following table (Table 45), liver-related chemistry tests are 
summarized by subjects meeting laboratory toxicity criteria by maximum emergent Grade with 
side-by-side comparison of baseline hepatitis C status. Of note, there were 21 subjects that had 

[2%]). Of these 21 cases, 20 
had hepatitis virus infection (hepatitis A, B, and/or C) and the other case was attributed to a 
concomitant medication.

Table 45. Liver-Related Chemistry Tests, Subjects Meeting Laboratory Toxicity Criteria1 by 
Maximum Post-Baseline Grade and by Baseline Hepatitis C Status, GEMINI-1 and GEMINI-2, Week 
48 Safety Population

Laboratory Test

DTG+3TC DTG+TDF/FTC
HCV-

Positive
N=39
n (%)

HCV-
Negative

N=676
n (%)

HCV-
Positive

N=49
n (%)

HCV-
Negative

N=668
n (%)

Alanine Aminotransferase (ALT) (IU/L)
Grade 1 (1.25 to <2.5 × ULN) 3 (8) 40 (6) 9 (18) 52 (8)
Grade 2 (2.5 to <5.0 × ULN) 3 (8) 10 (1) 2 (4) 18 (3)
Grade 3 (5.0 to 10 × ULN) 4 (10) 4 (<1) 4 (8) 3 (<1)

1 (3) 9 (1) 1 (2) 10 (1)
Aspartate Aminotransferase (AST) (IU/L)

Grade 1 (1.25 to <2.5 × ULN) 3 (8) 40 (6) 8 (16) 56 (8)
Grade 2 (2.5 to <5.0 × ULN) 6 (15) 16 (2) 2 (4) 17 (3)
Grade 3 (5.0 to 10 × ULN) 1 (3) 6 (<1) 4 (8) 13 (2)

0 5 (<1) 0 7 (1)
Bilirubin ( /L)

Grade 1 (1.1 to <1.6 × ULN) 5 (13) 40 (6) 6 (12) 45 (7)
Grade 2 (1.6 to <2.6 × ULN) 1 (3) 8 (1) 0 17 (3)
Grade 3 (2.6 to <5.0 × ULN) 0 2 (<1) 0 6 (<1)

0 5 (<1) 0 1 (<1)
1 Division of AIDS (DAIDS) Table for Grading the Severity of Adult and Pediatric Adverse Events, Version 2.0 (2014)
Abbreviations: 3TC, lamivudine; ALP, alkaline phosphatase; ALT, alanine aminotransferase; DTG, dolutegravir; FTC, emtricitabine; 
HCV, hepatitis C virus; TDF, tenofovir disoproxil fumarate; ULN, upper limit of normal; N, number of subjects; n, number of subjects 
meeting criteria.
Source: Reviewer’s analysis of the ADLB analysis dataset and Applicant’s Table 3.71 in ISS

The increased frequency of elevated transaminases and bilirubin with DTG-containing regimens 
in HCV-coinfected subjects in the GEMINI trials was consistent with prior clinical experience 
with DTG. The current labeling for DTG under the WARNINGS AND PRECAUTIONS section 
is adequate to convey the risk of hepatoxicity associated with DTG/3TC in HBV- and HCV-
coinfected patients.
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17.5.4. Neuropsychiatric Events as a Potential Class-
Association With INSTIs

Following approval of DTG in 2013, neuropsychiatric reactions (i.e., depression and suicidal 
behaviors in those with past history of depression) were identified as an important potential risk 
with DTG with possible class-association with INSTIs. These events are now included in Section 
6.1 as ADRs occurring in <2% of treatment-naïve or treatment-experienced subjects, and 
Anxiety is included in the Postmarketing Experience section of the DTG label (Section 6.2).
Psychiatric AEs such as abnormal dreams are also mentioned in the summary of product 
characteristics of other INSTIs. Pre-existing psychiatric history, particularly in patients with past 
history of depression appears to be a predisposing factor. 
DTG has consistently been shown to penetrate the central nervous system (CNS) (Letendre et al. 
2014), which supports the plausibility of DTG having direct CNS toxicity or contributing factor 
with exacerbations of depressive disorders after beginning DTG. Nevertheless, other 
antiretrovirals (ARVs), such as efavirenz, do not concentrate in the CNS, yet are associated with
neuropsychiatric effects (Best et al. 2011). In a meta-analysis of recent studies, discontinuation 
due to AEs were significantly lower with DTG compared to ATV/r, DRV/r, EFV, LPV/r, and 
RPV (Patel et al. 2014).
Of note, HIV infection itself may also cause cognitive changes early in the course of infection 
and increase the risk for various psychiatric disorders, including depression, mania, psychosis, 
and substance abuse (Treisman and Kaplin 2002).
In the GEMINI trials, the most common adverse events leading to discontinuation were 
psychiatric disorders. Eight events were experienced by six subjects (0.8%) in the DTG+3TC 
arm, and <1% of subjects in both treatment arms.

Table 46. Summary of Treatment-Emergent Adverse Events within the Psychiatric Disorders 
System Organ Class, GEMINI-1 and GEMINI-2, Week 48 Safety Population

DTG+3TC
(N=716)

n (%)

DTG+TDF/FTC
(N=717)

n (%)
All Subjects in the Safety Population

Any AE in the Psychiatric Disorders SOC 95 (13) 105 (15)
Any Psychiatric AE Related* to Study Drug 36 (5) 37 (5)
Any Psychiatric Serious AE 8 (1.1) 5 (0.7)
Any Psychiatric AE Leading to Withdrawal 6 (0.8) 4 (0.6)
Grade 3^, Related* 5 (1.0) 1 (0.1)
Grade 4^, Related* 0 1 (0.1)

* Considered to be related by the investigator.
^ Division of AIDS (DAIDS) Table for Grading the Severity of Adult and Pediatric Adverse Events, Version 2.0 (2014). 
Abbreviations: 3TC, lamivudine; AE, adverse event; DTG, dolutegravir; FTC, emtricitabine; SOC, system organ class; TDF, tenofovir 
disoproxil fumarate; N, number of subjects; n, number of subjects with at least one event.
Source: Reviewer’s analysis of the ADAE analysis dataset, JReview. 

The following AE terms for depression were pooled as a depression-related AE: “adjustment
disorder with depressed mood,” “bipolar disorder,” “depressed mood,” “depression,” “major 
depression,” and “persistent depressive disorder.” Three subjects in the DTG+3TC arm and five
subjects in the DTG+TDF/FTC arm experienced a depression-related AE. One of these AEs was 
serious: “major depression” (DTG+3TC). This subject had a pre-existing history of 
schizophrenia and depression and was hospitalized for auditory hallucinations encouraging 
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suicide. Toxicology showed positive results for cocaine and marijuana. The event was not 
considered to have been related to the study drug by the investigator.
The Applicant also examined the incidence of emergent depression and/or suicide-related events 
in subjects with a reported past medical history of depression at baseline. A total of 86/716 
(12%) subjects in the DTG+3TC arm and 72/717 (10%) subjects in the DTG+TDF/FTC arm 
reported a past history of depression at baseline. Among these subjects, the incidence of 
emergent depression was 10% (9/86) for the DTG+3TC group and 11% (8/72) for the 
DTG+TDF/FTC group. By comparison, in subjects without a past history of depression, 
emergent depression events occurred in 2% (13/630) of subjects in the DTG+3TC group and 2% 
(16/644) of subjects in the DTG+TDF/FTC group. These findings are summarized in Table 47.

Table 47. Summary of Post-Baseline Depression, Anxiety and Suicidal and Self-Injury Adverse 
Events by History of Depression at Baseline, GEMINI-1 and GEMINI-2, Week 48 Safety Population

DTG+3TC
(N=716)

DTG+TDF/FTC
(N=717)

History of Depression at Baseline

Yes
(Ns=86)
n (%)

No
(Ns=630)

n (%)

Yes
(Ns=72)
n (%)

No
(Ns=644)

n (%)
Any post-baseline depression, anxiety or 
suicidal and self-injury AE 19 (22%) 37 (6%) 13 (18%) 35 (5%)

Depression (any depression-related AE) 9 (10%) 13 (2%) 8 (11%) 16 (2%)
Depression 8 (9%) 7 (1%) 7 (10%) 11 (2%)
Major depression 1 (%) 0 0 0
Depressed mood 0 4 (<1%) 1 (1%) 4 (<1%)
Persistent depressive disorder 0 0 0 1 (<1%)
Adjustment disorder with depressed mood 0 1 (<1%) 0 0
Bipolar disorder 0 1 (<1%) 0 0

Anxiety (any anxiety-related AE) 3 (3%) 20 (3%) 3 (4%) 15 (2%)
Anxiety 3 (3%) 14 (2%) 3 (4%) 14 (2%)
Anxiety disorder 0 3 (<1%) 0 1 (<1%)
Nervousness 0 2 (<1%) 0 0
Anxiety disorder due to a general medical 
condition 0 1 (<1%) 0 0

Suicidality and self-Injury (any related AE) 10 (12%) 7 (1%) 5 (7%) 7 (1%)
Suicidal ideation 5 (6%) 4 (<1%) 3 (4%) 6 (<1%)
Suicidal behavior 3 (3%) 0 0 1 (<1%)
Suicide attempt 2 (2%) 3(<1%) 1 (1%) 0
Intentional overdose 0 0 1 (1%) 0

Note: 'Prior History of Depression' are based on medical history terms as 'Depression' and collected on case report forms.
Abbreviations: 3TC, lamivudine; AE, adverse event; DTG, dolutegravir; FTC, emtricitabine; TDF, tenofovir disoproxil fumarate; N, 
number of subjects; Ns, number of subjects per baseline subgroup; n, number of subjects with at least one event. Percentages 
presented as n/Ns.
Source: Summary of Applicant’s analysis (Table 3.70 in the ISS). 

In a longitudinal study that included detailed neurocognitive assessments that compared mood 
and cognitive parameters, somatic symptoms, such as insomnia, manifested more prominently 
than severe depressive symptoms or major depression after initiation of a DTG-based regimen
(Chan et al. 2019). This is consistent with the finding of insomnia as one of the most common 
ADRs in the GEMINI trials, which occurred in 1.8% of DTG+3TC-treated subjects. 
Neurocognitive function was assessed and neuroimaging was obtained in another cross-sectional 
study with subjects on an INSTI-based regimens. The findings suggested dysfunction in the 
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learning/memory network as the INSTI group had worse learning/memory domain scores 
compared with those on non-INSTI based ART (O'Halloran et al. 2019).
Due to the design of the GEMINI trials, cross-class comparisons between INSTIs and other 
ARVs cannot be me made; however, the experience with DTG in combination with NRTIs 
(whether 3TC or TDF/FTC) is consistent with the experience currently described in the DTG 
label. Insomnia is included as a common ADR occurring in 2% of subjects. AEs in the 
Psychiatric SOC were the most common event leading to discontinuation, and this was 
recommended to be included in the label. The following list of ADRs occurring in <2% of 
subjects, particularly in subjects with a pre-existing psychiatric history, is also included:

Psychiatric Disorders: Anxiety, abnormal dreams, depression. Suicidal ideation, attempt, 
behavior, or completion; these events were observed primarily in subjects with a pre-
existing history of depression or other psychiatric illness.

An expanded discussion of suicide-related events is provided in the following section. Routine 
pharmacovigilance may help to further describe the various manifestations of neuropsychiatric 
events associated with DT and other INSTIs; however, prospective studies may be needed to 
better understand the underlying mechanism of CNS toxicity.

17.5.5. On-Treatment Suicide-Related Events in Those 
With Past History of Depression

A search was done using the following AE terms: “Intentional overdose”, “Self-injurious 
ideation”, “Suicidal behavior”, “Suicidal ideation”, and “Suicide attempt”. Twenty of the 29
subjects identified had a past psychiatric history or prior suicide attempt. All had comorbid 
psychiatric conditions or psychosocial stressors at the time of event. Events mostly occurred >35 
days after starting study drug.
There were six suicide attempts but no completed suicides. One suicide attempt and one event of 
suicidal ideation were considered related to study drug (both described below).
Suicide Attempt (serious AE): 37-year-old male in the DTG+TDF/FTC arm with a history of 
depression. On Day 490: developed depression. Day 512: Suicide attempt by overdose of 
acetaminophen and tramadol. Referred for psychiatric assessment and commenced sertraline. 
The AE was considered most likely to related to social stress, but could not rule out a 
contribution from study drug. The subject was withdrawn from the study.
Suicidal Ideation (Grade 2, Drug-related AE): 44-year-old female in the DTG+3TC group with 
depression reported at Baseline. On Day 38: Grade 2 suicidal ideation. Contributing factors were 
psychosocial stressors, current psychiatric and medical condition, concomitant medications, and 
investigational product. Aripiprazole and lamotrigine was commenced. The subject did not 
withdraw from study, and the events resolved.
In the SUR, two suicide attempts were reported (in one subject in each arm). Neither were 
considered related to study drug by the investigator.
Subject 204861  on DTG+3TC attempted suicide after drinking alcohol. Time to onset 
was 480 days. This subject had history of depression, which was being treated with concomitant 
escitalopram. No recreational drugs were taken at the time of event, and there was no history of 
alcohol or drug abuse.
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Suicide attempt was reported twice in subject 205543  on DTG+TDF/FTC. The subject 
had a medical history of depression, and had previously taken a Benadryl overdose (also 
discussed in next section). The first suicide attempt in this reporting period occurred when the 
subject drank alcohol to “celebrate” his birthday. He became more depressed and suicidal and 
cut his left wrist with a razor blade. At the time, the subject denied suicidal ideation. During the 
second suicide attempt, the subject became increasingly depressed with multiple threats of 
suicide and experienced major depression. Psycho-social stressors were also reported. 
Concomitant medication included Adderall, sertraline, clonazepam and oxazepam.
Across both DTG-containing treatment groups, the psychiatric AE profile was comparable to the 
known safety profile of DTG. There is no apparent additive or synergistic effect on the risk of 
suicide-related events in patients taking DTG+3TC or DTG+TDF/FTC beyond that expected for 
DTG or 3TC individually; however, the treatment-naïve patient population, particularly those 
with a past history of depression, may be more sensitive to the additional psychosocial stress 
associated with a new HIV-diagnosis compared to the treatment-experienced population. We 
agree with the Applicant’s proposal that suicide-related events be included in Section 6.1 of the 
DTG/3TC label under the category of events occurring in <2% of subjects in clinical trials. This 
is consistent with the DTG label and the experience with treatment-naïve or treatment-
experienced subjects receiving DTG as part of a combination regimen in other clinical trials.

17.5.6. Weight Gain
The ADR “Weight increased” was recently added to the DTG label based on postmarketing 
experience, and may be associated with other INSTIs as a class effect. Likewise, the Applicant 
has proposed the same ADR in Section 6.2 of the label.
While the excess weight gained with INSTIs does not appear to be related to lipodystrophy, as 
previously observed with protease inhibitors or due to mitochondrial toxicity associated with 
NRTIs, a recent longitudinal study indicates that treatment-naïve patients starting INSTI, 
especially DTG and RAL, are at higher risk of weight gain compared to older NNRTI-class 
regimens (Bourgi et al. 2019).
Weight and body mass index measurements are not available from the GEMINI trials for the 
Week 48 analysis; however, a protocol amendment will allow for collection of these measures at
the Week 96 and 144 analyses. Furthermore, because both arms include DTG, comparisons with 
non-INSTI-based regimens cannot be made. Nevertheless, at the Week 48 analysis, AEs of 
“weight increased” was reported in 16 (1%) of subjects in both arms. One subject 
(205543 ) with baseline obesity and weight gain on study had suspected nonalcoholic 
steatohepatitis (pending ultrasound scan) due to elevated ALT (3.2 × ULN). A summary of AEs 
related to weight gain are listed in Table 48.
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Table 48. Treatment-Emergent Adverse Events Related to Weight Gain, GEMINI-1 and GEMINI-2, 
Week 48 Safety Population

DTG+3TC
(N=716)

n (%)

DTG+TDF/FTC
(N=717)

n (%)
Fat redistribution 1 (<1%) 0
Increased appetite 5 (<1%) 0
Obesity 1 (<1%) 1 (<1%)
Waist circumference increased 0 1 (<1%)
Weight increased 9 (1.3%) 7 (1.0%)
Adverse events listed regardless of investigator’s assessment of causality.
Abbreviations: 3TC, lamivudine; DTG, dolutegravir; FTC, emtricitabine; TDF, tenofovir disoproxil fumarate.
Source: Reviewer Analysis of ADAE with MAED. 

17.5.7. Seizures as a Potential New Safety Concern for 
Dolutegravir

Two SAEs (in one subject each), which represent events not previously associated with 
dolutegravir, were identified by the Applicant as potential sentinel events.
Subject 205543  was a 27-year-old male in the DTG+3TC arm with a baseline viral load 
of 13,756 copies/mL and a CD4+ count of 194 cells/mm3. The subject had a history of grand mal 
seizure and noncompliance with lamotrigine. Virologic response was achieved by Week 4, but a 
Grade 2 generalized tonic-clonic seizure was reported on Study Day 58. No history of alcohol or 
illicit drug use was noted at the time of the event. The investigator considered the event unrelated 
to study drug, it did not lead to withdrawal, and the event resolved. Later, the subject was lost to 
follow-up at Week 16.
Subject 205543  was a 25-year-old male in the DTG+TDF/FTC arm with a baseline viral 
load of 3,596 copies/mL and a CD4+ count of 827 cells/mm3. Virologic response was achieved
by Week 4, but a Grade 2 seizure was reported on Study Day 269. The subject had reportedly 
fallen the previous week while drinking alcohol. The seizure was considered due to a concussion 
and possibly also due to withdrawal of oxazepam and amphetamine/dextroamphetamine. The 
investigator considered the event unrelated to study drug, it did not lead to withdrawal, and the 
event resolved.
In a pooled analysis conducted by the Applicant, eight prior DTG studies (SPRING-1, SPRING-
2, SINGLE, FLAMINGO, VIKING, VIKING-3, VIKING-4 and SAILING) were combined to 
identify 1606 subjects who received DTG once daily and 237 subjects who received DTG BID.
This pooled analysis showed that the incidence of seizure and related preferred terms (Grand mal 
convulsion, Epilepsy) was <1% and none were drug-related. No published literature was found 
to suggest an association with seizure to DTG.
We agree with the investigators’ assessment that the two seizure events were likely unrelated to 
dolutegravir. Given the overall low incidence of seizure in pooled analyses of DTG trials, 
continued routine pharmacovigilance is adequate to address this concern.
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17.6. Laboratory Findings
Selected laboratory tests are summarized in the following table (Table 49) for subjects who met 
laboratory toxicity criteria by maximum postbaseline Grade.

Table 49. Selected Laboratory Tests, Subjects Meeting Chemistry Laboratory Toxicity Criteria1 by
Maximum Post-Baseline Grade, GEMINI-1 and GEMINI-2, Week 48 Safety Population

DTG+3TC
(N=716)

DTG+TDF/FTC
(N=717)

Fasting glucose, high (mg/dL)
Grade 1 (110 to 125) 80 (11%) 73 (10%)
Grade 2 (>125 to 250) 48 (7%) 29 (4%)
Grade 3 (>250 to 500) 5 (<1%) 4 (<1%)
Grade 4 (>500) 0 1 (<1%)

Fasting glucose, low (mg/dL)
Grade 1 (50 to 54) 15 (2%) 19 (3%)
Grade 2 (40 to <50) 6 (<1%) 5 (<1%)
Grade 3 (30 to <40) 3 (<1%) 0
Grade 4 (<30) 2 (<1%) 2 (<1%)

Lipase (U/L)
Grade 1 (1.1 to <1.5 × ULN) 45 (6%) 57 (8%)
Grade 2 (1.5 to <3.0 × ULN) 37 (5%) 34 (5%)
Grade 3 (3.0 to <5.0 × ULN) 4 (<1%) 13 (2%)
Grade 4 ( × ULN) 3 (<1%) 6 (<1%)

Creatine Kinase (IU/L)
Grade 1 (3 to <6 × ULN) 45 (6%) 32 (4%)
Grade 2 (6 to <10 × ULN) 26 (4%) 21 (3%)
Grade 3 (10 to <20 × ULN) 17 (2%) 17 (2%)
Grade 4 ( × ULN) 15 (2%) 18 (3%)

Phosphate, low (mg/dL)
Grade 1 (2.0 to < LLN) 43 (6%) 34 (5%)
Grade 2 (1.4 to <2.0) 47 (7%) 57 (8%)
Grade 3 (1.0 to <1.4) 3 (<1%) 7 (<1%)
Grade 4 (<1.0) 0 0

Source: Reviewer’s analysis of the ADLB analysis dataset and Applicant’s Table 3.55 in ISS, JReview
1 Division of AIDS (DAIDS) Table for Grading the Severity of Adult and Pediatric Adverse Events, Version 2.0 (2014)
Abbreviations: 3TC, lamivudine; DTG, dolutegravir; FTC, emtricitabine; LLN, lower limit of normal; TDF, tenofovir disoproxil 
fumarate; ULN, upper limit of normal; N, number of subjects.

The following table (Table 50) for subjects who met laboratory toxicity criteria for hematology 
parameters are summarized by maximum postbaseline Grade.
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Table 50. Subjects Meeting Hematology Laboratory Toxicity Criteria1 by Maximum Post-Baseline
Grade, GEMINI-1 and GEMINI-2, Week 48 Safety Population

DTG+3TC
(N=716)

DTG+TDF/FTC
(N=717)

Any Hematology Parameter
Grade 1 36 (5%) 26 (4%)
Grade 2 23 (3%) 26 (4%)
Grade 3 4 (<1%) 5 (<1%)
Grade 4 2 (<1%) 0

Hemoglobin (g/L)
Grade 1 (male 10.0 to 10.9; female 9.5 to 10.4) 9 (1%) 7 (<1%)
Grade 2 (male 9.0 to <10.0; female 8.5 to <9.5) 4 (<1%) 4 (<1%)
Grade 3 (male 7.0 to <9.0; female 6.5 to <8.5) 1 (<1%) 1 (<1%)
Grade 4 (male <7.0; female <6.5) 1 (<1%) 0

Leukocytes (109/L)
Grade 1 (2.000 to 2.499) 6 (<1%) 4 (<1%)
Grade 2 (1.500 to 1.999) 3 (<1%) 2 (<1%)
Grade 3 (1.000 to 1.499) 0 0
Grade 4 (<1.000) 0 0

Neutrophils (109/L)
Grade 1 (0.800 to 1.000) 16 (2%) 11 (2%)
Grade 2 (0.600 to 0.799) 10 (1%) 4 (<1%)
Grade 3 (0.400 to 0.599) 3 (<1%) 3 (<1%)
Grade 4 (<0.400) 1 (<1%) 0

Platelets (109/L)
Grade 1 (100 to <124) 12 (2%) 9 (1%)
Grade 2 (50 to <100) 8 (1%) 8 (1%)
Grade 3 (25 to <50) 0 1 (<1%)
Grade 4 (<25) 0 0

1 Division of AIDS (DAIDS) Table for Grading the Severity of Adult and Pediatric Adverse Events, Version
Abbreviations: 3TC, lamivudine; DTG, dolutegravir; FTC, emtricitabine; TDF, tenofovir disoproxil fumarate; N, number of subjects
Source: Reviewer’s analysis of the ADLB analysis dataset and Applicant’s Table 3.56 in ISS

The following tables summarize postbaseline changes in fasting lipid values (Table 51), 
maximum postbaseline fasting lipid abnormalities of Grade 2 or greater (Table 52), and 
comparisons of use of lipid modifying agents (Table 53).

Table 51. Mean Change from Baseline in Fasting Lipid Values at Week 48, GEMINI-1 and GEMINI-2, 
Safety Population

Mean change ± standard deviation DTG+3TC
(N=716)

DTG+TDF/FTC
(N=717)

Cholesterol (mg/dL) 13.3 ± 24.5 -6.9 ± 26.4
HDL cholesterol (mg/dL) 5.6 ± 10.0 0.8 ± 9.1
LDL cholesterol (calculated or direct) (mg/dL) 7.5 ± 21.0 -6.3 ± 21.0
Triglycerides (mg/dL) 3.7 ± 98.2 -6.9 ± 69.3
Total/HDL cholesterol ratio -0.1 ± 1.0 -0.3 ± 0.9
Lipid last observation carried forward data was used such that the last available fasted, on-treatment lipid value prior to the initiation 
of a lipid-lowering agent is used in place of future observed values. Subjects on lipid-lowering agents at baseline are excluded.
Abbreviations: 3TC, lamivudine; DTG, dolutegravir; FTC, emtricitabine; HDL, high-density lipoprotein; LDL, low-density lipoprotein; 
TDF, tenofovir disoproxil fumarate
Source: Summarized from Table 3.33 in ISS. 
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Table 52. Maximum Post-Baseline Fasting Lipid Abnormalities of Grade 2 or Greater by Week 48,
GEMINI-1 and GEMINI-2, Safety Population*

DTG+3TC
(N=642)

DTG+TDF/FTC
(N=652)

Triglycerides 22 (3%) 17 (2%)
LDL cholesterol (calculated or direct) 28 (4%) 15 (2%)
Total cholesterol 30 (4%) 14 (2%)
*Subjects without any value prior to Week 48 or subjects who had baseline lipid-lowering agents were not included. Lipid last 
observation carried forward data was used such that the last available fasted, on-treatment lipid value prior to the initiation of a lipid-
lowering agent is used in place of future observed values.
Abbreviations: 3TC, lamivudine; DTG, dolutegravir; FTC, emtricitabine; LDL, low-density lipoprotein; TDF, tenofovir disoproxil 
fumarate.
Source: Summarized from Table 3.55 in ISS. 

Table 53. Use of Lipid Modifying Agents, GEMINI-1 and GEMINI-2, Week 48 Safety Population
DTG+3TC

(N=716)
DTG+TDF/FTC

(N=717)
At baseline 29 (4%) 23 (3%)
Started postbaseline 23 (3%) 12 (2%)
Abbreviations: 3TC, lamivudine; DTG, dolutegravir; FTC, emtricitabine; TDF, tenofovir disoproxil fumarate.
Source: Summarized from Tables 1.28 and 1.29 in ISS.

17.7. Safety Analyses by Special Subgroups

performed for safety events through 48 weeks in GEMINI-1 and GEMINI-2. A majority of 
subjects were white, and there were relatively small numbers in the other groups. Of note, only 
seven subjects , and only 30 subjects identified with multiple races, which 
compromised a meaningful interpretation of AE findings in these categories. No concerning 
patterns were identified in the safety analyses by race, gender, ethnicity, or age. However, a
slightly higher proportion of male compared to female subjects, Hispanic versus non-Hispanic 
and non-U.S. versus U.S. subjects, respectively, reported at least one AE. Most were Grade 1 
events. 

Reference ID: 4416188



NDA 211994
Dolutegravir and lamivudine (DOVATO)

102
Integrated Review Template, version date 2019/03/29

Table 54. Subjects Who Experienced at Least One Adverse Drug Reaction by Demographic 
Subgroup, GEMINI-1 and GEMINI-2, Week 48 Safety Population

Demographic Subgroup

DTG+3TC
(N=716)

[n/Ns (%)]

DTG+TDF/FTC
(N=717)

[n/Ns (%)]
Sex Female 17/113 (15.0%) 16/98 (16.3%)

Male 109/603 (18.1%) 153/619 (24.7%)
Age <65 years 126/712 (17.7%) 169/714 (23.7%)

0/4 0/3
Race American Indian or Alaska Native 12/49 (24.5%) 16/52 (30.8%)

Asian 8/71 (11.3%) 15/72 (20.8%)
Black or African American 23/99 (23.2%) 16/76 (21.1%)
Multiple 7/15 (46.7%) 7/15 (46.7%)
Native Hawaiian or Other Pacific Islander 0/2 2/5 (40.0%)
White 76/480 (15.8%) 113/497 (22.7%)

Ethnicity Hispanic or Latino 46/215 (21.3%) 71/232 (30.6%)
Not Hispanic or Latino 80/501 (16.0%) 98/485 (20.2%)

Region U.S. 12/129 (9.3%) 22/119 (18.5%)
Outside of U.S. 114/587 (19.4%) 147/598 (24.6%)

Source: Reviewer’s analysis of the ADDM and ADAE analysis datasets in ISS, JReview

18. Mechanism of Action/Drug Resistance 
Additional Information and Assessment

Not applicable.

19. Other Drug Development Considerations 
Additional Information

Not applicable.

20. Data Integrity-Related Consults (OSI, 
Other Inspections)

Clinical site inspections were completed by the Office of Scientific Investigations (OSI). The 
data from Study 204861 and Study 205543 submitted to the Agency in support of NDA 211994,
appear reliable based on available information. Please also refer to Section II.10 for a list of 
clinical sites.
There were no significant inspectional findings for clinical investigators Dr. Norma Porteiro, Dr. 
Mezgebe Berhe, and Dr. Gustavo Lopardo. The final classification for these sites was No Action 
Indicated (NAI). However, there were noteworthy inspectional observations at Dr. Juan Sierra-
Madero’s clinical site. The final classification is Voluntary Action Indicated (VAI), due to 
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deviations from regulations). The site deliberately deviated from the investigational plan, by 
requiring that all study subjects return to the site four weeks after the study Week 24 and 48 
visits, to review in person the results of the HIV-1 RNA copies/mL test, and, if the test results 
from Week 24 or 48 were >50 copies/mL a confirmatory blood draw would be collected for a 
repeat testing of HIV-1 RNA copies/mL per the protocol. The majority of study subjects did not 
have a HIV-1 RNA >50 copies/mL, as such, they were made to attend an unnecessary study visit 
at the clinical site. While this site-specific practice was a protocol violation it did not place 
subjects at undue risk or have a significant effect on overall study outcomes. 
The Applicant, ViiV Healthcare, also submitted a parallel application to the EMA for approval of 

 
The EMA findings from these 

inspections, however, are not available at this time. OSI will submit a Clinical Inspection 
Summary Addendum if there are any significant findings from the EMA clinical site inspections 
that would change the overall recommendation from OSI.

Clinical and Analytical site inspections for Study 204994 were not conducted by the OSI because 
they were previously inspected in July 2017 and , respectively. Both dates fall 
within the surveillance interval. The final classification for the inspections was No Action 
Indicated (NAI).

21. Labeling Summary of Considerations and 
Key Additional Information

Overview of Major Labeling Changes:
Information highlighted below are significant changes made to the full prescribing information 
from the Applicant’s proposed label submitted on October 18, 2018 for DOVATO (dolutegravir 
and lamivudine).

HIGHLIGHTS and TABLE OF CONTENTS were revised for consistency with the full 
Prescribing Information.
BOXED WARNING:
Due to risk of emergence of lamivudine-resistant HBV and risk of exacerbation of HBV when 
3TC is used in patients coinfected with HIV-1 and HBV, emergence of lamivudine-resistant 
HBV was added to the BOXED WARNING. Refer to Section II.7.7.2 of the Integrated Review
for rationale.
INDICATIONS AND USAGE:
This section was modified to state that DOVATO is a “complete regimen” and the patient 
population was specified to add adults “with no antiretroviral treatment history” as GEMINI-1
and GEMINI-2 only studied subjects with no antiretroviral treatment history.
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DOSAGE AND ADMINISTRATION:
2.1 Testing Prior to or When Initiating Treatment with DOVATO
Testing for HBV infection prior to or when initiating DOVATO was added for consistency with 
WARNING AND PRECAUTIONS (subsection 5.1) and was added for consistency with other 
ARVs that have both HIV and HBV activity.
WARNINGS AND PRECAUTIONS
The ordering of the WARNINGS and PRECAUTIONS were revised to combine emergence of 
lamivudine-resistant HBV and risk of posttreatment exacerbation of HBV into one subsection.
The lactic acidosis subsection was moved after the embryo-fetal toxicity subsection to better 
align the WARNINGS and PRECAUTIONS in order of clinical significance.
5.1 Patients Co-infected with HIV-1 and HBV: Emergence of Lamivudine-Resistant HBV 
and the Risk of Posttreatment Exacerbation of HBV
The Applicant proposed emergence of lamivudine resistant HBV as two separate subsections;
however, the review team combined both risks into one subheading for patients co-infected with 
HIV-1 and HBV. Refer to Section II.7.7.2 of the Integrated Review for rationale.
ADVERSE REACTIONS
6.1 Clinical Trials Experience

Based on pooled terms (fatigue, asthenia, malaise), fatigue was added to Table 2: Adverse 
Drug Reactions and occurred in 2% of subjects (after accounting for rounding) in each 
treatment groups.

Anxiety occurred in 1.1% of subjects in the TIVICAY plus EPIVIR (DTG+3TC) arm and 
was added to the Less Common Adverse Reactions subsection. Therefore, anxiety was 
removed from Postmarketing Experience. 

DRUG INTERACTIONS
7.4 Established and Other Potentially Significant Drug Interactions

Drug interaction information for metformin was revised to refer to the metformin prescribing 
information and instruct clinicians to assess the benefit and risk of concomitant use. 

 
 Refer to Section II.7.7.3 of the Integrated Review for rationale.

The original label included the drug interaction information between lamivudine and sorbitol 
as separate text below Table 5. However, Table 5 refers to drug interactions with 
DOVATO (DTG/3TC), and therefore, it is appropriate to include interaction data 
between lamivudine and sorbitol in Table 5.  

USE IN SPECIFIC POPULATIONS
8.1 Pregnancy
Antiretroviral pregnancy registry information for lamivudine was updated with recent APR data. 
Refer to Section II.8.4 of the Integrated Review.
CLINICAL PHARMACOLOGY
12.4 Microbiology
The following resistance information in clinical subjects was added:  None of the 6 subjects who 
experienced virologic failure at Week 48 in the dolutegravir plus lamivudine group had emergent 
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INSTI or NRTI resistance substitutions in the GEMINI trials. Refer to Section II.7.7.1 of the 
Integrated Review for rationale.
CLINICAL STUDIES
14.1 Clinical Trials in Adult Subjects
Efficacy results for Asians and Hispanics versus non-Hispanics were added to Table 11. 
Table 11, Pooled Virologic Outcomes, was expanded to include efficacy results for Asians, 
Hispanics and non-Hispanics. The original proposal by the Applicant was to only include 
outcome data for white and African-American/African heritage race categories.
Table 12 was added to summarize the virologic outcomes by baseline CD4+ cell count 
(cells/mm3 -1 and GEMINI-2 per treatment arm. Footnote “a” 
provides additional details regarding subjects who did not achieve HIV-1 RNA < 50 copies/mL.
Refer to Section II.6.4.1 of the Integrated Review for rationale.

22. Postmarketing Requirements and 
Commitments

The following postmarketing requirements (PMRs) apply to DTG/3TC.

Submit the Week 96 report with datasets, including the resistance datasets, for the ongoing phase
3 trials 204861 (GEMINI-1) and 205543 (GEMINI-2) to assess durability of response and 
evaluate potential risk of resistance-associated substitutions in HIV-infected subjects receiving a 
two-drug complete regimen with dolutegravir (DTG) plus lamivudine (3TC).

Pediatric Research Equity Act PMRs
Conduct an open-label, single-arm study to evaluate the Week 96 efficacy and safety of 
dolutegravir/lamivudine (DTG/3TC) as a fixed-dose combination (FDC), in antiretroviral 
therapy (ART)-naïve HIV-1-infected adolescents from 12 years to less than 18 years of age who 
weigh at least 40 kg.
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23. Financial Disclosure
Covered Clinical Studies: 204861 (GEMINI-1), 204994, and 205543 (GEMINI-2)
Was a list of clinical investigators provided: Yes No (Request list from 

Applicant)
Total number of investigators identified: 921 (190 Principal Investigators, 6 Former Investigators, 23 
Coordinators, 702 Sub-Investigators)
Number of investigators who are Sponsor employees (including both full-time and part-time 
employees): None
Number of investigators with disclosable financial interests/arrangements (Form FDA 3455): 6
If there are investigators with disclosable financial interests/arrangements, identify the number of 
investigators with interests/arrangements in each category (as defined in 21 CFR 54.2(a), (b), (c) and 
(f)):
Compensation to the investigator for conducting the study where the value could be influenced by the 
outcome of the study: 0
Significant payments of other sorts: 6
Proprietary interest in the product tested held by investigator: 0
Significant equity interest held by investigator: 0
Sponsor of covered study: 0
Is an attachment provided with details of the 
disclosable financial interests/arrangements: 

Yes No (Request details from 
Applicant)

Is a description of the steps taken to minimize 
potential bias provided:

Yes No (Request information from 
Applicant)

Number of investigators with certification of due diligence (Form FDA 3454, box 3) None
Is an attachment provided with the reason: Yes No (Request explanation from 

Applicant)
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