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Executive Summary

Background & Rationale

HIV viral resistance to antiretrovirals (ARV), whether transmitted or acquired following
long-term antiretroviral therapy (ART) exposure, can greatly limit therapeutic options.l"# As
a result, a subset of people with HIV (PWH) referred to as heavily treatment-experienced
(HTE) require highly tailored ART regimens with less common ARV combinations.® In the
US, HTE prevalence has been estimated to range from 2% to 14% in 2016-2017.1'% " The
prognosis for HTE PWH may be less favorable compared to less experienced PWH. Notably,
multidrug resistance (MDR) has been associated with a higher risk of death, AIDS-defining
events (ADE) and viral rebounds.” > Though the development of new ARVs has
increased the number of treatment options available, there are still individuals who cannot
achieve complete virologic suppression and remain at risk for disease progression. !

The US Department of Health and Human Services (DHHS) HIV treatment guideline suggest
that IBA may be considered in the context of MDR without fully active ART options, namely
among PWH with ongoing detectable viremia and lacking sufficient options to build a fully
suppressive regimen.'® However, clinical trials assessing IBA efficacy did not include an
active comparison arm in which participants did not receive IBA. An external comparison
analysis has been conducted between IBA + optimized background regimen (OBR) from
clinical trials (TMB-202, TMB-301/311), and non-IBA OBR from a European registry. The
OPERA study will improve upon this European registry study with a larger sample size and
the use of controls from the same geographic region as the trial participants.

It is important to assess the comparative effectiveness of IBA compared to other regimens
used in the routine clinical care of HTE PWH with MDR HIV. The use of external controls
can provide valuable information and context to interpret the results of clinical trials when
randomization to a control arm cannot be performed.!'”! Using comparable populations
and larger sample sizes may reduce bias and improve the power of analyses. The OPERA
(Observational Pharmaco-Epidemiology Research & Analysis) cohort, a large US electronic
health record (EHR) database, is well suited for this as the OPERA and trials populations
arose from the same geographic location (i.e., US), and the number of OPERA PWH
potentially meeting inclusion criteria is high. Therefore, an external comparison of IBA+OBR
from trials to non-IBA OBR in routine clinical care in the OPERA cohort may confirm results
from prior studies suggesting viral control benefits of IBA+OBR.

Study Objectives

Primary Obijective:

To assess the virologic effectiveness of 800 mg IBA every 2 weeks + OBR (TMB-202 & TMB-
301/311 trials), compared to non-IBA OBR in routine clinical care (OPERA cohort), among
HTE PWH.
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Sensitivity Objective 1:

To assess the robustness of results from the primary objective to the viremia threshold for
inclusion in the OPERA non-IBA OBR group (main: VL >1,000 copies/mL vs. sensitivity: VL
>200 copies/mL).

Sensitivity Objective 2:

To replicate previous analyses of the European registry as closely as possible, taking into
consideration the differences between the registry and OPERA datasets

Data sources

Data from the phase 2 clinical trial TMB-202, as well as the phase 3 trial TMB-301 and its
extension TMB-311 will be used for the treatment arm of the study (IBA+OBR). The OPERA
cohort, which includes complete EHR data from over 143,000 PWH across 142 separate
locations throughout the US, will be used for the control arm (non-IBA OBR).

Study Design

All TMB-202 and TMB-301/311 trial participants randomized to 800 mg IBA every 2 weeks
with or without a loading dose will be included in the main analyses. From the OPERA
cohort, adult PWH with resistance from three ARV classes will be considered for inclusion
(see section 3.2.1 for more details). OPERA PWH initiating a new non-IBA OBR between
01JAN2008 and 31DEC2020 will be included; person-time will be censored at the first of
(a) initiation of a select potent ARV, (b) >45 days without ART, (c) 12 months after last
clinical contact, (d) death, or (e) study end (i.e., extract date of the dataset; TBD). Viral
suppression (i.e., <200 copies/mL) and undetectable viral load (i.e., <50 copies/ml) will be
assessed at each of the timepoints of interest (i.e., weeks 24, 48, 60 and 96), using the
closest measurement to the timepoint within a £6-week window.

Statistical Analyses

Multiple imputation will be used to ensure that eligible OPERA participants can contribute
to all timepoint analyses even if their routine clinical care resulted in viral loads being
measured outside of the ranges defined in the protocol. To prevent the introduction of a
bias towards the null, imputation will be performed in the OPERA non-IBA OBR group
separately.l"® 95% confidence intervals will be obtained through bootstrapping.

First, the data will be sampled with replacement to create 500 bootstrap samples. Within
each bootstrap sample, multiple imputation will be implemented using chained equations,
producing 10 imputed datasets per bootstrap sample.
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Within each imputed dataset, analyses will be performed to obtain an estimate at each
timepoint for all 5,000 datasets (i.e., 500 bootstrap samples * 10 imputed datasets). Risk
ratios for both viral suppression and undetectability will be estimated as a measure of
comparative virologic effectiveness of IBA+OBR vs. non-IBA OBR at each timepoint. The
average treatment effect in the treated (ATT) will be estimated using standardized mortality
ratio (SMR)-weighting, a form of propensity score (PS)-weighting. SMR-weighting ensures
that the distribution of baseline characteristics is the same in the control population as in
the treated population.?” In other words, the external control population will be weighted
to look like the treated population. Logistic regression will be used to obtain the PS and
will include baseline values for important predictors of regimen selection. SMR weights are
set to 1 in the treated population (i.e., TMB trials IBA+OBR) and to PS/(1-PS) in the control
population (i.e., OPERA non-IBA OBR).?% The final set of variables included in the PS model
will be determined by the distribution of weights, as well as the balance of covariates
across groups before and after applying SMR weights.

Estimates of risk will be derived from SMR-weighted Kaplan-Meier curves. The cumulative
probability of viral suppression or undetectability will be estimated at each timepoint of
interest for each arm, from which risk ratios will be calculated. Estimates will be averaged
across all datasets to obtain the combined estimate and 95% confidence intervals will be
derived from the distribution of all estimates, using the 2.5 & 97.5" percentiles.

These analyses will be repeated for sensitivity objective 1 after restricting the OPERA non-
IBA OBR group to PWH with a VL >1,000 copies/mL. For sensitivity objective 2, analyses
performed using the European registry data will be replicated as closely as possible, taking
into consideration the differences in design between the registry and OPERA datasets.
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1.Background and Rationale

In 2020, over 37 million people were living with HIV infection worldwide, and 680,000
people died from AIDS.2" In regions of the world like the US with access to antiretroviral
therapy (ART), the development of antiretrovirals (ARV) has prolonged life expectancy for
people with HIV (PWH).?2l However, long-term exposure to ART can eventually lead to
fewer therapeutic options in multiple ARV classes.!" 2 This can be attributed to multiple
factors including poor tolerability, drug toxicity, avoidance of drug-drug interactions, and
viral resistance.”® As a result, a subset of PWH require highly tailored ART regimens with
less common ARV combinations; these individuals are often referred to as heavily
treatment-experienced (HTE).”! Moreover, while transmitted resistance has decreased over
calendar time, it remains a concern among ART-naive PWH; some ART-naive individuals
may thus also have limited treatment options.!”: 8

HTE prevalence varies depending on the setting and the definition used. In the US, HTE
prevalence has been estimated to range from 2% to 14% in 2016-2017.1'"% " |n Europe,
HTE prevalence increased from 6% in 2010 to 9% in 2016; important geographic variation
has also been observed, from 1% in Eastern Europe to 16% in Western/Central Europe.?3!

The prognosis for HTE PWH appears to be less favorable compared to less experienced
PWH. Increased risk of death and AIDS-defining events (ADE) have been reported among
PWH with multidrug resistance (MDR).P 12131 Moreover, triple ARV class failure has been
associated with a higher rate of viral rebound (i.e., two consecutive viral loads > 400
copies/mL or one viral load > 400 copies/mL followed by initiation of at least 2 new
ARVs)." Published evidence suggests that mortality in people with HIV is associated with
incomplete viral suppression. Studies investigating the effect of detectable HIV RNA after
antiretroviral therapy and mortality rates in people with HIV identified that incomplete
suppression of HIV RNA after receiving ART is associated with significant 10-year all-cause
mortality risk.[24 25

Complex ART regimens, which are characteristic of treatments for HTE PWH, may both lack
sufficient efficacy and have adverse safety and tolerability profiles, making disease and
toxicity management even more difficult.!"> 26271 Though the development of new ARVs has
increased the number of treatment options available for HTE PWH, there are still individuals
who cannot achieve complete virologic suppression and remain at risk for disease
progression.l™™ The US Department of Health and Human Services (DHHS) HIV treatment
guideline suggest that ibalizumab (IBA) may be considered in the context of MDR without
fully active ART options, namely among PWH with ongoing detectable viremia and lacking
sufficient options to build a fully suppressive regimen. [l

The TMB-202 trial was a phase 2b study conducted between 2008-2010 in the US and
Taiwan, in which 113 patients were randomized to receive either 800mg IBA every two
weeks (n=59) or 2000mg IBA every four weeks (n=54), in addition to an optimized
background regimen (OBR).1?8! The TMB-301 trial and its extension TMB-311 were phase 3
single arm studies of 40 patients (34 in the US, 4 in Taiwan, 2 in Puerto Rico). All received a
loading dose of 2000mg IBA with their failing regimen, followed by 800mg IBA every two

Epividian, inc. Page 6 of 30



weeks with an OBR.1??! These trials did not include a comparison arm in which participants
did not receive IBA. Indeed, given that the trials were restricted to failing individuals (i.e.,
viral load >1,000 copies/mL) with limited susceptibility to other approved ARVs,
withholding IBA from some trial participants was deemed unethical. It is therefore
important to assess the comparative effectiveness of IBA compared to other regimens used
in routine clinical care of people with MDR HIV.

Such an external comparison analysis has been conducted against a European Registry, an
observational, prospective, multi-center study. The OPERA study will improve upon this
European registry study with a larger sample size and the use of controls from the same
geographic region as the trial participants.

The use of external controls can provide valuable information and context to interpret the
results of clinical trials when randomization to a control arm cannot be performed.!"”!
However, careful consideration must be given to biases that may be introduced in such
analyses. Regional bias, in which patient outcomes differ based on the geographic region
due to differences in standard of care or demographic characteristics, can be reduced by
selecting external controls in the same region where the trial was conducted.!'”! The
Observational Pharmaco-Epidemiology Research & Analysis (OPERA) cohort is a large
observational database electronic health record (EHR) from over 143,000 PWH across the
Us.

It is important to assess the comparative effectiveness of IBA compared to other regimens
used in the routine clinical care of HTE PWH with MDR HIV. External comparisons of trial
participants and PWH in routine clinical care may help assess the comparative effectiveness
of IBA+OBR. Using a comparable external control and larger sample sizes may reduce bias
and improve the power of such indirect comparisons. Therefore, an external comparison of
IBA+OBR from the TMB-202 and TMB-301/311 trials and non-IBA OBR in routine clinical
care in the OPERA cohort may confirm results from prior studies suggesting viral control
benefits of IBA+OBR.
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2.Study Objectives

Primary Objective

|, To assess the virologic effectiveness of 800mg IBA every 2 weeks + OBR (TMB-202
& TMB-301/311 trials), compared to other ART regimens in routine clinical care
(OPERA cohort), among HTE PWH.

e External comparison (IBA+OBR in clinical trials vs. non-IBA OBR in OPERA)
e Timepoint analysis
e Multiple imputation of missing viral loads in OPERA

e PS standardized mortality ratio-weighting

Sensitivity Objectives

I, To assess the robustness of results from the primary objective to the viremia
threshold for inclusion in the OPERA non-IBA OBR group (main: VL >1,000
copies/mL vs. sensitivity: VL >200 copies/mL).

Il.  To replicate previous analyses of the European registry as closely as possible, taking
into consideration the differences in design between the registry and OPERA
datasets

e External comparison (IBA+OBR in clinical trials vs. non-IBA OBR in OPERA)
e Timepoint analysis

e Complete case analysis

e Propensity score matching (PS including baseline VL, CD4 cell count, number
of potent ARVs scaled by the level of resistance, and the calendar period
score)
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3.Study Design

3.1. Data sources

3.1.1. OPERA Cohort

The OPERA® (Observational Pharmaco-Epidemiology Research & Analysis) database and
research network is a multi-site observational database built from the complete patient
health records managed in EHR systems from more than 400 participating healthcare
providers at 142 separate locations throughout the US (see coverage map below, Figure 1).
Through their membership in OPERA, medical practices meet the Centers for Medicare &
Medicaid Services (CMS) MIPS Incentive Program for Integration with a Specialized Registry.
OPERA-participating physicians and ancillary healthcare providers have documented the
care of over 900,000 patients in their EHRs, including over 143,000 PWH (~20% women),
representing 14% of all PWH linked to care in the US.B" The OPERA database is refreshed
from these EHR systems at each clinic daily, providing up-to-date data to both clinicians
and researchers. In total, there are more than 12.7 million documented prospective visits in
the EHR systems for PWH and over 4.3 million prescriptions written for ART medications.
The average duration of follow-up (i.e., years of documenting patient visits prospectively in
the EHR) is 4.7 years and there are over 20,000 PWH who have 10 years or more of follow-

up.

Figure 1. US map of OPERA HIV+ population & CDC (2010) state-by-state
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3.1.2. Clinical Tnals

Data from the phase 2 clinical trial TMB-202, as well as from the phase 3 trials TMB-301
and TMB-311 will be used.

TMB-202 trial

The TMB-202 trial (NCT00784147)8 was a phase 2b, randomized, double-blinded, multi-
center, dose-response study of IBA+OBR in ART-experienced patients infected with HIV-1.
The 48-week study was amended to 24-weeks. A total of 113 patients were enrolled
between 2008 and 2010 in the US and Taiwan. Patients were randomized between IBA
800mg IV every two weeks (n=59) and IBA 2000mg IV every four weeks (n=54).

Trial Inclusion Criteria (criteria applicable to OPERA are underlined)

1.
2.

w

Nouv ks

10.

Are capable of understanding and have voluntarily signed the informed consent document

Have documented HIV-1 infection

Have no acquired immunodeficiency syndrome (AIDS)-defining events in the 3 months before
Screening, other than cutaneous Kaposi's sarcoma or wasting syndrome due to HIV

Are able and willing to comply with all protocol requirements and procedures

Are 18 years of age or older

Have a life expectancy that is >6 months.

Have a viral load >1,000 copies/mL and documented decreased susceptibility to at least one NRTI,
one NNRTI, and one PI, as measured by resistance testing

Are receiving a stable HAART for at least 8 weeks before Screening and are willing to continue that
regimen until the Baseline Visit, OR (in the past 8 weeks) have failed and are off therapy and are
willing to stay off therapy until the Baseline Visit

Have viral sensitivity/susceptibility to at least one agent as determined by the Screening resistance
test (OSS criteria) and be willing and able to be treated with at least one agent to which the patient’s
viral isolate is sensitive/susceptible according to the screening resistance test

If sexually active, are willing to use an effective method of contraception during the study and for 30
days after the last administration of the study drug

Trial Exclusion Criteria (criteria applicable to OPERA are underlined)

1.

O 00N

Any active AIDS-defining iliness per Category C conditions according to the CDC Classification
System for HIV Infection13 (see Appendix D), with the following exceptions: cutaneous Kaposi's
sarcoma and wasting syndrome due to HIV

Any significant diseases (other than HIV-1 infection) or clinically significant findings, including
psychiatric and behavioral problems, determined from screening, medical history and/or physical
examination that, in the investigator’s opinion, would preclude the patient from participating in this
study

Any acute illness within 1 week before the initial administration of study drug

Any active infection secondary to HIV requiring acute therapy; however, patients that require
maintenance therapy (i.e., secondary prophylaxis for opportunistic infections) will be eligible for the
study.

Any immunomodulating therapy (including interferon), systemic steroids, or systemic chemotherapy
within 12 weeks before randomization

Any investigational therapy within 30 days before randomization, except for those HIV-agents
available in expanded-access programs

Any prior exposure to ibalizumab (formerly TNX-355 and Hu5A8)

Any vaccination within 21 days before randomization

Any female patient who either is pregnant, intends to become pregnant, or is currently breastfeeding
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TMB-301/TMB-311 trials

The TMB-301/311 trials (NCT02475629, NCT02707861)12% 32 were phase 3, single arm,
multi-center studies of IBA+OBR in ART-experienced patients infected with MDR HIV-1.
TMB-301 was a 24-week study and TMB-311 extended its follow-up to up to 96 weeks. All
participants received 2000mg IBA IV (loading dose) as they maintained their current
regimen, followed 14 days later by 800mg IBA IV every two weeks + OBR. A total of 40
patients were enrolled in TMB-301 (34 in the US, 4 in Taiwan, 2 in Puerto Rico), of which
27 US patients were enrolled into the extension study TMB-311 and continued to receive
IBA+OBR at the dosage assigned in TMB-301. There were four deaths during the 24-week
period of TMB-301, and two deaths during the TMB-311 period.

Inclusion Criteria (criteria applicable to OPERA are underlined)

1.
2.
3.

Nouv s

o oo

1.

Are capable of understanding and have voluntarily signed the informed consent document

Have documented HIV-1 infection

Have no AIDS-defining events in the 3 months before Screening, other than cutaneous Kaposi's
sarcoma or wasting syndrome due to HIV

Are able and willing to comply with all protocol requirements and procedures

Are 18 years of age or older

Have a life expectancy that is >6 months

Have a viral load >1,000 copies/mL and documented resistance to at least one antiretroviral
medication from each of three classes of antiretroviral medications as measured by resistance testing
Have a history of at least 6 months on antiretroviral treatment

Are receiving a stable highly active antiretroviral regimen for at least 8 weeks before screening and
are willing to continue that regimen until Day 14, OR (in the past 8 weeks) have failed and are off
therapy and are willing to stay off therapy until Day 14

. Have full viral sensitivity/susceptibility to at least one antiretroviral agent, other than ibalizumab, as

determined by the screening resistance tests and be willing and able to be treated with at least one
agent to which the patient’s viral isolate is fully sensitive/susceptible according to the screening
resistance tests as a component of OBR'

If sexually active, are willing to use an effective method of contraception during the study and for 30
days after the last administration of the study drug

Exclusion criteria (criteria applicable to OPERA are underlined)

1.

~

Any active AIDS-defining iliness per Category C conditions according to the CDC Classification
System for HIV Infection (see Appendix A), with the following exceptions: cutaneous Kaposi's
sarcoma and wasting syndrome due to HIV

Any significant diseases (other than HIV-1 infection) or clinically significant findings, including
psychiatric and behavioral problems, determined from screening, medical history and/or physical
examination that, in the investigator’s opinion, would preclude the patient from participating in this
study

Any significant acute illness within 1 week before the initial administration of study drug;

Any active infection secondary to HIV requiring acute therapy; however, patients that require
maintenance therapy (i.e., secondary prophylaxis for opportunistic infections) will be eligible for the
study

Any immunomodulating therapy (including interferon), systemic steroids, or systemic chemotherapy
within 12 weeks before Enrollment

Any prior exposure to ibalizumab (formerly TNX-355 and Hu5A8)

Any vaccination within 7 days prior to Day 0/Enrollment

Any female patient who either is pregnant, intends to become pregnant, or is currently breastfeeding

15 patients with no active ARV other than IBA were enrolled.
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11.
12.

Any current alcohol or illicit drug use that, in the investigator’s opinion, will interfere with the
patient’s ability to comply with the study schedule and protocol evaluations

. Any previous clinically significant allergy or hypersensitivity to any excipient in the ibalizumab

formulation

Any radiation therapy during the 28 days before the first administration of investigational medication
Any Grade 3 or 4 laboratory abnormality according to the Division of AIDS (DAIDS) grading scale
(Appendix B), except for the following asymptomatic Grade 3 events (triglyceride elevation; or total
cholesterol elevation)

3.2. Study Population

3.2.1. Inclusion Criteria

Trial IBA+OBR group

1.

2.

Participant in TMB-202 or TMB-301/3112

Received 800 mg IBA every 2 weeks, with or without a loading dose

OPERA non-IBA OBR group

1.

2.

HIV-1 infection

18 years or older

HTE (i.e., ever on a regimen containing either DTG BID or DRV BID)?
Documented resistance to 21 ARV from each of three ARV classes

Genotype information available for all the relevant gene regions (see Error!
Reference source not found.)

Viral load > 200 copies/mL at index regimen initiation
Not pregnant at index

No new ADE within 3 months before/on index (except cutaneous Kaposi's sarcoma
or HIVAW)

No new cancer diagnosis within 12 weeks before/on index

2 Participant on a FTR-containing OBR may be excluded if the OPERA non-IBA regimens do not include
any FTR-containing regimens
3 HTE definition may be expanded if a larger sample size is needed
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10.No IBA prescribed prior to/with the index regimen
11.Index regimen does not include
e Cabotegravir (CAB)*
e Fostemsavir (FTR)
e Investigational drugs
12.Viral sensitivity/susceptibility to at least one ARV in the index regimen
13.Baseline VL available (within 6 months before/at index)
14.Baseline CD4 available (within 6 months before/at index)

15.21 VL measurement at any time after index

3.2.2. Study Timelines
Study timelines are mapped out for the two trials and for OPERA in Table 1.

TMB-202
e Recruitment: 2008-2010
e Follow-up: through week 24

e |ndex: date of first IBA infusion

TMB-301/311
e Recruitment: 2015-2018
e Follow-up: through week 96

e |ndex: date of first IBA infusion

4 CAB had not yet been approved at the time and is not indicating for ART-experienced PWH who are
failing their current regimen
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OPERA

e |dentification of study participants: 01JAN2008 to 31DEC2020

e Censoring criteria:

a) Initiation of any of the following ARVs:
= [NSTI
= P
= Fusion inhibitor (FI)
= Gp120 inhibitor

= |BA
= Doravirine
= Blinded ARV

b) >45 days without ART

€) 12 months after last clinical contact (i.e., telephone contact, visit, lab test, or
consultation)

d) Death
e) Study end (i.e., extract date; TBD)

e |ndex: date of regimen initiation

Table 1. Alignment of study timelines for the clinical trials and OPERA

Week | Week Week Week Week

Week -1 Index 1 24 48 60 96

IBA 2000mg every 4 weeks + OBR?

TMB-202 Fai.ling
Regimen
IBA 800mg every 2 weeks + OBR?

TMB- Failing IBA 2000mg + 5
301/311 Regimen Failing Regimen 21 SRS GVl 2 WSS < QIR
OPERA Fal,lmg Index regimen®

Regimen

@ Changes in OBR were allowed during follow-up

® Some changes in ARVs will be allowed to be consistent with trial designs; person-time will be
censored at initiation of an INSTI, PI, fusion inhibitor, Gp120 inhibitor, IBA, doravirine or a
blinded ARV
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3.53. Measurements

3.3.1. Exposure Definition

IBA+OBR

Defined as either 800mg IBA every 2 weeks + OBR (TMB-202), or 800mg IBA every 2
weeks + OBR following a 2000mg IBA loading dose (TMB-301/311) (see Table 1)

VS.

Non-IBA OBR

Defined as the first HTE-indicative regimen initiated within the study period in the OPERA
cohort, after resistance has been established. Recycling of ARVs from prior regimens is
allowed. Viral sensitivity/susceptibility to at least one ARV in the regimen.

3.3.2. Outcome Definition
Virologic outcomes:

e Viral suppression (<200 copies/mL)

e Undetectable VL (<50 copies/mL)

Timepoints of interest:

Weeks 24, 48, 60, 96 after index (closest measurement within a £6-week window)

3.3.3. Covariates

Covariates for the propensity score model
The following characteristics are available in the TMB-202, TMB-301/311 and OPERA
datasets. These baseline covariates are candidates for inclusion in the PS model.

o Age

o Sex

e Viral load

e (D4 cell count
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e |ndex date

e OBR

e Resistance to ARVs

e Number of potent ARV received as part of index regimen, scaled by the level of
resistance a patient has to these ARVs

©)

Epividian, inc.

Provides a measure of the number of potent ARVs which formulates each
patient’s OBR, where the influence of each ARV is scaled by relative
resistance to that drug class

Based on the number of ARVs a patient is currently receiving for which they
display mutations corresponding to resistance level (RL) 1-5 [see Error!
Reference source not found.]

For each regimen, weighting of the level of resistance will be calculated
using Egquation 1

Equation 1

n ARV, X (5 — RL DRV X (4 — RL
Weight = z L ; ) + E} )
1

Where:
ARV, = DTG, TDF, TAF, FTC, 3TC or ETR; 1 if present, O if absent
DRV = 1 if DRV present, O if DRV absent
RL = Resistance Level [see Error! Reference source not found.]
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Table 2. Categories included in drug class-specific mutation variable

Specific D F
Drug Presence of
Mutations or
Patterns that Confer
Intermediate-Level
Resistance
Category 4 Category 3 Category 2 Category 1 Notes
Required Required Required Mutations Required
Mutations Mutations or or Score Mutations or
Score Score
DTG Q148H, Q148K, Q148H, Q148K, Q148H, Q148K, Two or more NA
Q148R Q148R Q148R of the
+ any three of the | + any two of the | + any one of the following:
following following following TOGA, T6O!,
L74l, L74M L741, L74M L741 L74M T66K
TO7A TO7A TO7A E92Q
E138A, E138K, E138A, E138K, E138A, E138K, E138T | T97A
E138T E138T G140A, G140C, Y143R, Y143C,
G140A, G140C, G140A, G140C, G140S Y143H
G140S G140S V151l
N155H
DRV NA Darunavir Score Darunavir Score Darunavir Add the score for
>12 7-11 Score each of these
(consistent with (consistent with <6 mutations to
high-level intermediate-level create a total
resistance) resistance) DRV score:
4 each:
150V, L76V, 184V,
154MV
5 each:
V321, L33F, 147AV,
1541, V82F
2 each:
V11l, G73S, L89V
TDF, NA Includes one of: Includes one of: NA M184V/| confers
TAF K65R, K65N K65R, K65N resistance to
Without M184YV, With M184V or other drugs but
M1841 M1841 increases
sensitivity to TDF,
TAF
FTC, NA Includes one of: Includes one of: NA NA
3TC M184V, M184] K65R, K65N
ETR NA Includes one of: Includes one of: NA NA
K101P, Y181l, L100l, KIO1EH,
Y181V OR Two Y181C, G190E,
of: G190Q, H221Y
L100l, KIO1EH,
Y181C, G1190E,
G190Q, H221Y
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Covariates for the multiple imputation model
The following characteristics are available in OPERA but may or may not be available in the
TMB-202 and TMB 301/311 datasets. These baseline and time-updated characteristics may
be used for the multiple imputation model, as predictors of the value of viral loads at
timepoints of interest.

e Age at regimen initiation

e Sex at regimen initiation

e Race

e HBV co-infection at regimen initiation

e HCV co-infection at regimen initiation

e AIDS (ever)

e Viral load at each timepoint

e Viral loads in between timepoints

e Timing of viral loads

e (D4 cell count at each timepoint

e (D4 cell count in between timepoints

e Timing of CD4 cell counts

e Index date

e ARVs in index regimen

e Resistance to ARVs

e Number of anchor agent classes exposure prior to index

4 Data Analyses

41. Bootstrapping

Bootstrapping will be employed to obtain confidence intervals around the study estimates.
First, the data will be sampled with replacement to create 500 bootstrap samples. Within
each bootstrap sample, multiple imputation will be implemented, producing 10 imputed
datasets per bootstrap sample. Within each imputed dataset, analyses will be performed to
obtain an estimate at each timepoint for all 5,000 datasets (i.e., 500 bootstrap samples *
10 imputed datasets). The combined estimate will correspond to the average of all 5,000
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estimates and the 95% confidence interval will be derived from their distribution, using the
2.5" & 97.5" percentiles.

42. Multiple Imputation

OPERA data represent routine clinical care in the US. Therefore, the timing and frequency
of follow-up visits and testing varies across patients and providers. Such variations may give
rise to a missing data problem in analyses relying on outcomes measured at specific
timepoints. While windows have been established around each timepoint of interest to
increase the number of VL measurements available for analysis, it remains likely that VL will
be missing for different PWH in different time windows.

Complete case analysis in which observations with missing data are omitted is appropriate
when data are missing completely at random (MCAR; i.e., the missing values do not
depend on observed or unobserved data).? 34 With any other type of missing data, despite
being the simplest and most commonly used strategy, complete case analysis can lead to
severe bias.l® 34 In addition, complete case analysis reduces the analytical sample size, thus
reducing the efficiency of estimations.**

Limitations of complete case analyses may be alleviated with imputation of missing values
when data are missing at random (MAR,; i.e., the missing values depend on observed data
only).BI Multiple imputation means that multiple values are imputed for each missing
value, resulting in multiple complete datasets. Statistical analyses are then conducted on
each imputed dataset, and the results are combined.®* Multiple imputation relies on
predictive models to predict the missing values based on the observed data. It is therefore
important to include all variables that could help predict the missing values.[®!

Within each bootstrap sample, multiple imputation will be used to ensure that eligible
OPERA participants can contribute to all timepoint analyses even if their routine clinical care
resulted in VL being measured outside of the ranges defined in the protocol. Missing VLs in
OPERA will be handled with multiple imputation implemented using chained equations to
produce 10 imputed datasets.

4.3. Propensity score-weighting

PS-weighing uses the PS to up- and down-weight individuals so that the weighted-
population resembles the target population.® PS-weighting is advantageous over PS-
matching for two reasons. First, the weighting approach allows the utilization of all data
available, whereas matching may require the exclusion of individuals who do not have an
acceptable match. Matching may thus require a substantially larger sample size, which can
be particularly problematic with smaller studies, such as this one.l¥”3% Second, in some
circumstances, PS-matching could be more biased: excluding individuals from the analysis
may introduce selection bias, and the inability to find an exact match can result in residual
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confounding.?% 4% Using PS-weighting could thus improve statistical power and reduce the
risk of bias in this external comparison study.

An external comparison study such as this one seeks to mimic the results of a hypothetical
randomized controlled trial, had such a trial been conducted. Thus, the target population
consists in the individuals who were recruited to participate in the trial (i.e., the treated
group).“ It is therefore important to ensure that the external control group resemble the
treated group as closely as possible. The average treatment effect in the treated (ATT) can
be estimated using standardized mortality ratio (SMR)-weighting. Of note, both SMR-
weighing and PS-matching have been found to closely reproduce estimates from
randomized controlled trials.12°!

SMR-weighting will thus be used to assess the ATT of IBA+OBR compared to non-IBA OBR,
ensuring that the distribution of characteristics in the control group is the same as in the
treated group.®% In other words, the OPERA external control group will be weighted to
look like the trial IBA+OBR-treated group. SMR-weighting relies on the PS, which
corresponds to the probability for each person to receive IBA+OBR.

Within each imputed dataset, logistic regression will be used to obtain the PS and will
include baseline values for important predictors of regimen selection. Continuous variables
will be modeled flexibly with either quadratic terms or restricted cubic splines. Candidate
covariates for the PS model include age, sex, VL, CD4 cell count, index date, agents in the
OBR, resistance to ARVs, and the number of potent ARV in the OBR scaled by level of
resistance. SMR weights are set to 1 in the treated population (i.e., IBA+OBR in TMB trials).
In the control population (i.e., non-IBA OBR in OPERA), SMR weights are calculated as
PS/(1-PS).2% The final set of variables included in the PS model will be determined by the
distribution of weights, as well as the balance of covariates across groups.

The distribution of weights will be evaluated for the presence of large weights. Model
specification will be adjusted to obtain a mean weight as close to 1 as possible and avoid
extreme weights. Weight trimming may be considered to reduce the impact of extreme
weights.*? In such case, trimming would be performed at the 1st and 99th percentile: all
weights with a value below the 1st percentile (above the 99th percentile) would be set to
the value of the first percentile (99th percentile).*? The extent of trimming will be assessed
based on the distribution of weights and adjusted as needed. The balance of covariates
included in the PS model across groups will be assessed using standardized differences
estimated before and after applying the SMR weights. A threshold of <10% will indicate
an acceptable balance .

4.4. Primary Objective: External Comparison of
Virologic Effectiveness

The comparative virologic effectiveness of IBA+OBR vs. non-IBA OBR will be assessed at
each timepoint for both viral suppression (VL < 200 copies/ml) and undetectability (VL < 50
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copies/ml). Within each imputed dataset, estimates of risk will be derived from SMR-
weighted Kaplan-Meier curves. The cumulative probability of viral suppression or
undetectability will be estimated at each timepoint of interest for each arm, from which
risk ratios will be calculated.

The distribution of estimates from all 5,000 datasets will be used to obtain the final
estimate (mean) and 95% confidence intervals (2.5 and 97.5™" percentiles).

4.5. Sensitivity Analyses

4.5.1. Impact of the viremia threshold in the OPERA
non-IBA OBR group

In the TMB-202 and TMB-301/311 trials, the protocol restricted trial participation to
individuals with a VL >1,000 copies/mL at baseline. However, in practice, individuals with a
baseline VL <1,000 copies/mL were recruited. In routine clinical care, changes in regimen
often occur before a threshold of VL >1,000 is reached. Therefore, to maximize the sample
size and align with the population recruited in the trials, the main analysis will include PWH
with a viral load > 200 copies/mL at the start of the index regimen in the OPERA non-IBA
OBR group. However, to assess the impact of this more lenient threshold, a sensitivity
analysis will be conducted in which the OPERA non-IBA OBR group will be restricted to
PWH with a VL >1,000 copies/mL at index, as was intended for the trials.

Analyses described in sections 4.1-4.4 will be repeated after restricting the OPERA non-IBA
OBR group to those with an index VL >1,000 copies/mL. New bootstrap samples and
imputed datasets will be generated, within which SMR-weighted risk ratios will be
estimated before being combined in a final estimate.

4.5.2. Replication of the European Registry Study

To ensure the comparability of results, analyses from the European registry Study will be
repeated, using the R codes developed by FIECON. This analysis will use PS-matching; the
covariates included in the PS will consist of baseline VL, baseline CD4 cell count, number of
potent ARVs scaled by the level of resistance, and the calendar period score (lowest score =
most comparable;
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Table 3). A complete case analysis will be conducted. The subset of the study population
identified for the main analysis with a viral load measurement at one or more timepoints of
interest will be eligible for matching with replacement. Design and analyses will be adapted
to take into consideration the differences between the European registry and the OPERA
cohort.
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Table 3. Relative comparability of regimens based on calendar periods
Jan 2020 — Jan 2018 2
Jan 2018 - Jan 2016
Jan 2016 - Jan 2014
Jan 2014 - Jan 2012
Jan 2012 - Jan 2010
Jan 2010 - Jan 2008
Jan 2008 - Jan 2006
Jan 2006 - Jan 2004
Jan 2004 - Jan 2002
Jan 2002 — Jan 2000

O ON O WO =

—
(@]

5.Sample Size Considerations

IBA+OBR-treated group

In the TMB-202 trial, 113 patients were randomized to 800mg IBA every two weeks (n=59)
or 2000mg IBA every four weeks (n=54). In the TMB-301/TMB-311 trials, 40 patients were
enrolled and received 800mg IBA every 2 weeks following a 2000mg IBA loading dose.

The 59 TMB-202 participants randomized to 800mg IBA every two weeks and the 40 TMB-
301/311 participants will be included, for a total sample size of 99 participants in the
treatment group.

Non-IBA OBR control group

It is estimated that approximately 200 PWH in OPERA would be eligible for consideration in
this study based on exposure to either DTG BID or DRV BID and presence resistance testing.
If the final number of eligible PWH in OPERA is too small, the inclusion of more PWH on
other regimen indicative of HTE will be considered.

6.Limitations, Quality & Ethical Considerations

6.1. Limitations of Proposed Methods

With approximately 14% of the HIV population that is linked to care in the OPERA
database (per the CDC estimates), OPERA can provide detailed information on a large
portion of the HIV population in the US. Even so, issues confronting population-level
assessments include such aspects as differential medical care by practice size and specialty,
academic and research orientation of the health care practitioner, ethnic-based and
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gender-based attitudes and geographic regional health care practices. OPERA clinical data
is collected at point-of-care and is subject to the record-keeping practices of each
healthcare provider and the standards of each clinic or organization. Patients may see
multiple physician practices for various conditions, which may result in incomplete case
ascertainment. Data is collected for the medical management of patients and is not directly
intended for research purposes, but rather for the care and management of individual
patients and patient populations.

This study is an indirect comparison of data from two clinical trials and from the OPERA
observational cohort. While most trial participants were in the US, differences in the
distribution of key characteristics may still impact comparability of the groups. Moreover, in
the main analysis, the sample size for the IBA+OBR group is limited to 99 participants on
two different dosing schedules. Sensitivity analyses have been planned to assess the
robustness of findings to different design choices.

6.2. Quality Control & Quality Assurance

Epividian has working practices and procedures governing the use of observational data,
development of analysis specifications and plans, the development of analytical
programming and the analytical quality assurance (QA) process and the scientific review of
reports as well as clinical advisory charters for the clinical review of output intended for
public domain. Working practices for the development of analysis specifications include
basic identifying information, background material, relevant definitions of key study
variables, population definitions, baseline definitions, specific requirements for dataset
creation, and statistical requirements such as eligibility criteria, exposures, outcomes and
model fitting. Working practices for programming include naming conventions, proper
code documentation and commentary, content, appearance, efficiencies (i.e., use of
macros), and organization of output, maintainability and generalizability. Working practices
for programming QA include self-reviews of observational counts, missing data values,
many-to-many merges, variable formatting, numeric-character & character-numeric
conversions, uninitialized variables, unresolved macro references, report completeness and
report-to-specification correspondence, and system errors and logs. The QA team review
may include small sample spot-checking, coding log reviews, complete coding review,
selected observations from intermediary dataset reviews, and/or independent programming
to reproduce the results. Documentation of non-public domain reports includes market,
scientific, statistical, and clinical review. Documentation of scientific protocols, reports and
manuscripts intended for public domain follows two sequential steps: an internal-to-
Epividian epidemiological, statistical, and clinical review, followed by a
clinical/epidemiological external advisory board review.

All analytical data, coding algorithms, QA documentation and report outputs will be
retained per Epividian standard practices.
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6.3. Ethical Considerations

Clinical information is originally compiled into separate CHORUS databases for each clinic.
This PHI is used in the creation of the CHORUS analytics and reporting used by each
practice and its providers as part of Quality Improvement activities in an effort to improve
care of patients. The data collection occurs via a secure and encrypted connection as part
of Epividian’s privacy and security policies and systems, which are routinely reviewed by a
third-party privacy and security advisory organization.

Subsequently, the clinical data in each CHORUS database is de-identified and aggregated
into the OPERA® Database following the guidelines of the Health Insurance Portability and
Accountability Act (HIPAA) and the Health Information Technology for Economic and
Clinical Health Act (HITECH).

Business Associate Agreements (BAAs) in place between Epividian and all medical practices
govern, following the guidelines established in HIPAA and HITECH, the encryption,
transportation, aggregation, de-identification and use of all clinical data in either the
CHORUS reporting platform or the OPERA® Database. All medical practices are responsible
for obtaining proper HIPAA consent for their patients. With BAAs in place and subsequent
de-identification, a separate informed consent for each individual, in a non-interventional
study is not required.

All clinical data in CHORUS is PHI and managed as such according to HIPAA, HITECH and
relevant state regulations. The CHORUS portal, as a Quality Improvement activity, is
accessed securely by clinic staff to view PHI for only those patients seen at the practice. All
clinical data is subsequently de-identified as per HIPAA and HITECH in OPERA® with all
reports submitted at the aggregated population level in OPERA®. No personally identifiable
information is available in the OPERA® Database. The OPERA® Epidemiology & Clinical
Advisory Board provides clinical and methodological review & oversight.
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