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1 Recommendations/Risk Benefit Assessment
1.1 Recommendation on Regulatory Action
Approval of this supplemental New Drug Application for TRUVADA® is recommended
for the proposed new indication of pre-exposure prophylaxis (PrEP). This
recommendation is based on review of the efficacy and safety from two large,
prospective, randomized and blinded placebo-controlled Phase 3 clinical trials. The
iPrEx trial enrolled 2,499 men who have sex with men (MSM) at high risk for HIV
acquisition (with 3,891 person-years of follow-up) and the Partners PrEP trial enrolled
4,747 HIV-uninfected partners in stable serodiscordant relationships (with 7,830 personyears of follow-up). Both trials demonstrated the superiority of once-daily oral
TRUVADA over placebo in preventing HIV acquisition through sexual exposure when
offered as part of a comprehensive prevention strategy that included monthly HIV
testing, risk reduction counseling, provision of condoms, and treatment of any sexuallytransmitted infections. In these populations and trial settings, TRUVADA reduced the
risk of HIV infection by 42% (95% CI 18-60%, p=0.001) relative to placebo in the iPrEx
trial in the modified intent-to-treat analysis, and by 75% (95% CI 54-86%) relative to
placebo in the Partners PrEP trial. In both trials, efficacy was strongly correlated with
drug adherence, as demonstrated by detectable drug levels in post-hoc subgroup
analyses of blood samples. Risk reduction was substantially higher (~90%) in subjects
with detectable drug concentrations relative to non-adherent subjects with no detectable
drug levels. Furthermore, the effectiveness of TRUVADA was demonstrated across
multiple subpopulations regardless of gender, race, age, region, or baseline risk
characteristics; importantly, statistically significant risk reduction was observed for both
males and females in Partners PrEP. Only in MSM who did not report engaging in
unprotected receptive anal intercourse (a high risk behavior) was a protective effect of
TRUVADA not fully demonstrated, thus highlighting the importance of recommending
TRUVADA for PrEP only for adults at high risk of HIV acquisition.
No new safety issues were indentified in the course of the review and there were no
major issues with the integrity of the submitted data that would preclude this
assessment. TRUVADA was generally safe and well-tolerated in an HIV-uninfected
population, with a safety profile that was consistent with the current label. The major
safety risks associated with TRUVADA (renal, bone, and hepatic flares in the setting of
hepatitis B infection) were infrequent in these trials. Moreover, these issues can be
monitored and managed in clinical practice. In addition, safety data from other PrEP
trials, including submitted data from a Phase 2 trial in 400 U.S. MSM, were consistent
with the safety trends noted in the pivotal trials and further support the safety of
TRUVADA for a PrEP indication.
The other potential risks specific to a PrEP indication, such as development of drug
resistant variants in individuals who seroconvert while taking TRUVADA for PrEP or
10
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behavioral risk compensation, were not observed to any significant degree in the clinical
trials. Small numbers of individuals with unrecognized acute or early HIV infection were
enrolled in each of trial and among some of these subjects, development of antiviral
resistance was observed. As a result, the product label and Risk Evaluation and
Mitigation Strategy (REMS) education materials will emphasize the importance of
screening potential candidates for PrEP for acute signs and symptoms of HIV infection
and for risk behavior in the month preceding evaluation and to use HIV diagnostic
methods that are sensitive to detect acute or early infection.
Although the majority of the clinical experience with TRUVADA for a PrEP indication
was gathered outside of the United States (U.S. participants only made up 9% of the
iPrEx population and none of the Partners PrEP cohort), there is no biological basis to
suppose that the efficacy and safety demonstrated in these trials should not apply to a
U.S. population. The strength of the protective effect seen across multiple subgroups in
these trials, and the lack of any safety differences based on race or region, support this
assertion. Moreover, review of the submitted data from the CDC 4323 trial supports the
safe use of TRUVADA in a U.S. MSM population, the group most at risk for HIV
infection in this country. Additionally, while CDC 4323 enrolled only 400 trial subjects,
the adherence observed in this trial indicates that compliance in a U.S. high-risk
population may be significantly higher than that observed in the iPrEx trial.
While the two pivotal trials submitted in support of the proposed indication were
conducted in populations at very high risk for acquiring HIV, the results convincingly
demonstrate the effectiveness of TRUVADA against a variety of HIV sexual exposure
routes (rectal sex in iPrEx and penile/vaginal sex in Partners PrEP) that are relevant to
all sexually active persons regardless of relationship status. As a result, the PrEP
indication for TRUVADA will not be limited to just those populations defined by the
pivotal trials, but instead will be extended to all sexually active adults who are
considered to be at high risk for infection. High risk for these individuals may be
determined by a variety of factors, such as local HIV prevalence rates, involvement in
high-risk sexual networks, or other established epidemiological risk factors. The results
from the CDC TDF2 trial in Botswana, although not submitted for FDA review, were
recently published in a peer-reviewed journal and demonstrate a 62% risk reduction in
heterosexual men and women, the vast majority of whom were single. These results
provide additional support for a broader indication in all adults at high risk of sexually
acquired HIV infection.
It is important to note that another clinical trial of TRUVADA as PrEP, the FEM-PrEP
trial, failed to demonstrate a protective effect in high-risk African women and was
terminated for futility. Although not reviewed by FDA, analyses presented at a recent
scientific meeting by the FEM-PrEP investigators indicate that drug adherence among
the trial participants was so poor as to undermine the trial’s ability to determine efficacy.
This finding provides secondary evidence for the correlation between adherence and
efficacy identified in both the iPrEx and Partners PrEP trials and further underscores the
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crucial role that adherence plays in the prophylactic efficacy of TRUVADA. Another oral
PrEP trial in women, the VOICE trial, terminated the oral tenofovir disoproxil fumarate
(TDF) arm as well as the arms evaluating the tenofovir vaginal microbicide gel, but is
currently evaluating TRUVADA against placebo. Since the VOICE trial is still ongoing
and blinded, little is known about the reasons for the failure of the oral TDF arm, but it is
reassuring that TRUVADA is still being studied in that trial, possibly suggesting that
some effect is being demonstrated. It should be noted that oral TDF did reduce
acquisition of HIV in the Partners PREP trial; however, more remains to be learned
about the efficacy of oral TDF alone in preventing sexual acquisition of HIV.
Over the past decade, the incidence of new HIV infections in the United States has
shown no signs of abating, despite widespread knowledge of HIV/AIDS and decades of
intensive condom promotion. The U.S. Centers for Disease Control (CDC) estimates
that approximately 50,000 persons are infected annually with HIV in the United States.1
Moreover, the HIV epidemic is disproportionally affecting MSM and men and women of
color; in some populations, such as young African-American MSM, the rates of new HIV
infections have dramatically increased in recent years.
To combat these trends, for the first time in U.S. history, a national strategy has been
developed to address the domestic HIV epidemic. The primary objective of the National
HIV/AIDS Strategy is to lower the annual number of new infections by 25% in 5 years.2
As noted in the strategy, a multipronged approach to HIV prevention is needed,
including the combination of condom promotion, risk reduction counseling, treatment of
sexually transmitted infections, and increased uptake and retention of HIV-infected
individuals in healthcare. However, given the limited effectiveness of current prevention
methods and the lack of an available vaccine, there remains an unmet medical need to
identify and implement new evidence-based approaches to HIV prevention that can
augment existing strategies.
In conclusion, the totality of the data from the various clinical trials of oral PrEP,
including the iPrEx and Partners PrEP trials reviewed herein, demonstrate that
TRUVADA is an effective and safe intervention for the prevention of HIV if taken as
directed and used in combination with a comprehensive risk reduction strategy.
Approval of TRUVADA for a PrEP indication would represent the first drug product
approved for an HIV prevention indication. Further, the availability of an approved oral
PrEP intervention may spur increased HIV testing and diagnosing of HIV infections
among individuals who might otherwise remain unaware of their condition. At the end of
2008, CDC estimated that over 1 million persons were living with HIV in the United
States, among whom 20% were undiagnosed.3 Studies show that persons aware of
1

Prejean J et al. Estimated HIV incidence in the United States, 2006–2009. PLoS ONE 6(8): e17502.
Office of National AIDS Policy. National HIV/AIDS Strategy. Washington, DC: Office of National AIDS
Policy; 2010. http://www.whitehouse.gov/administration/eop/onap/nhas. Accessed: March 19, 2012.
3
U.S. Centers for Disease Control and Prevention (CDC). HIV surveillance – United States, 1981-2008.
MMWR 2011; 60: 689-93.
2
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their HIV infection often take substantial steps to reduce their risk behaviors.4 Thus for a
number of reasons, approval of TRUVADA for a PrEP indication has the potential to
greatly contribute to addressing an unmet medical need and reduce the number of new
HIV infections.
1.2 Risk Benefit Assessment
As part of the National HIV Behavioral Surveillance system, the CDC collected HIV
testing data in 8,153 U.S. MSM in 2008 and found an HIV prevalence of 19%.5 HIV
prevalence and lack of awareness of infection status were highest among young and
minority MSM. Further, the study found 7% prevalence among MSM who had tested
negative during the preceding year. A separate CDC-funded study conducted in 20062007 found an HIV prevalence of 3.3% among 933 U.S. minority women and their
heterosexual partners (1,021 partnerships).6 Given these statistics and the relative risk
reduction of 42-75% compared with placebo demonstrated by the two pivotal trials, the
benefit of TRUVADA for a PrEP indication is clear for individuals at high risk, provided
they adhere to recommended dosing. That said, it is essential that TRUVADA for a
PrEP indication be recommended for use only in individuals determined to be at high
risk, in order to ensure a favorable risk-benefit assessment.
The major risks associated with use of TRUVADA for a PrEP indication are 1)
breakthrough HIV infection, 2) development of drug resistance, and 3) drug toxicity
related to kidney, bone, and hepatic flares in persons infected with hepatitis B virus
(HBV).
The efficacy of TRUVADA in preventing HIV infection was shown to be strongly
correlated to drug adherence, as demonstrated by drug level analyses conducted
across multiple trials. Yet despite monthly visits and counseling, overall adherence
among MSM in the iPrEx trial and reportedly among heterosexual women in the FEMPrEP trial appeared to be low. Adherence in the iPrEx trial varied according to age,
education, and the reporting of unprotected receptive anal sex. In both pivotal trials, the
iPrEx and Partners PrEP trial, age 25 years or older was associated with better
adherence. Adherence among U.S. participants in the iPrEx trial appeared to be higher
compared with non-U.S. participants, perhaps owing to their older median age.
Adherence was also higher among the 400 U.S. MSM studied in the CDC 4323 trial,
where again the median age of participants was older than that of the overall iPrEx
4

Marks G, Crepaz N, Senterfitt JW, et al. Meta-analysis of high-risk sexual behavior in persons aware
and unaware they are infected with HIV in the United States: implications for HIV prevention programs. J
Acquir Immune Defic Syndr 2005; 39:446–53.
5
CDC. Prevalence and awareness of HIV infection among men who have sex with men - 21 cities, United
States, 2008. MMWR 2010; 59: 1201-7.
6
Hageman K, Paz-Bailey G, Ivy W, et al. HIV testing and serostatus knowledge among partnerships at
increased risk for HIV infection – heterosexual partner study among black and Hispanic women in 16
cities: US, 2006-2007. 19th Conference on Retroviruses and Opportunistic Infections; 2012 March 5-8;
Seattle, WA: Abstract 1049.
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cohort. Whether adherence to TRUVADA will be better or worse outside a clinical trial
setting is not known at this time and will require further evaluation. Individuals may have
any number of reasons for adhering or not adhering to medications. Adherence to an
HIV prophylactic intervention may also be influenced by self-perceived risk.
While it is anticipated that most individuals seeking or agreeing to take TRUVADA for a
PrEP indication will recognize themselves to be at significant risk for HIV, education
about risk behaviors and risk reduction counseling must continue to be major
components of any prevention strategy that uses TRUVADA. In addition, regular
counseling with respect to drug adherence will be essential for optimal protection. That
said, TRUVADA should not be relied upon solely to prevent HIV infection. TRUVADA
should only be offered as part of a comprehensive prevention strategy that includes
consistent and correct condom use, regular HIV testing, reduction of risk behaviors, and
treatment of sexually transmitted infections.
Drug resistance is another risk associated with use of oral PrEP. Analysis of HIV
isolates from clinical trial participants who became newly infected while taking PrEP,
however, failed to identify any resistance substitutions, likely because of lack of
adherence to study drug among these individuals. In the absence of circulating drug
concentrations, there is no selective pressure for the emergence of resistance
substitutions. Selection of resistance among trial participants may also have been
minimized due to monthly monitoring for seroconversion. Where resistance was
detected, however, was among the 10 trial participants who were randomized to active
drug with undiagnosed early HIV infection. The risk of developing drug resistance in this
scenario is serious and can potentially limit treatment options for an infected individual
as well as increase the risk of transmission of drug-resistant virus to others. The impact
of PrEP on resistance beyond a clinical trial setting is difficult to predict, but resistance
is expected to occur among HIV-infected individuals using TRUVADA as PrEP. The
frequency of resistance may be minimized by limiting the duration of drug exposure
after infection occurs with frequent monitoring for HIV seroconversion, as well as
carefully evaluating individuals for early HIV infection prior to initiating PrEP and during
its use. Use of an HIV test with a narrow window for detecting acute or early infection,
such as an antigen-based test or RNA testing, is recommended where available. In
addition, the prescriber should be alert to any signs or symptoms of acute HIV infection.
In the iPrEx trial, the majority of the HIV-infected subjects inadvertently enrolled in the
trial exhibited symptoms of acute infection that were attributed to respiratory tract
infections or other non-HIV causes but the site investigators. Individuals should be
screened for signs or symptoms concerning for active, potentially acute infection, and if
present, TRUVADA for a PrEP indication should be deferred until absence of HIV
infection can be confirmed. Lastly, while the clinical trials conducted monthly HIV
testing, such frequency of testing is not practical in a real world setting. Based on
interim CDC guidance and the recommendations of the Advisory Committee, HIV
monitoring is recommended every 3 months at a minimum, more frequently if the
individual’s situation warrants it. The adequacy of testing at these recommended
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intervals, however, requires evaluation; more than a dozen demonstration projects are
currently planned or underway that will assess the impact of less than monthly testing
on incidence of seroconversion and development of drug resistance.
With respect to other safety risks, TRUVADA was generally safe and well-tolerated
among HIV-uninfected individuals enrolled in the three trials submitted for review. No
new safety issues were identified. In general, adverse events were balanced between
treatment groups. In iPrEx, unintended weight loss, nausea, and abdominal pain were
reported more often in subjects receiving TRUVADA. In Partners PrEP, moderate to
severe neutropenia was observed slightly more often in subjects receiving TRUVADA
as compared with placebo, but the differences were small (8% versus 6%, respectively).
No evidence of hepatic flares was observed among the limited number of subjects with
acute or chronic HBV infection enrolled in these trials.
Although a small imbalance was observed in the rates of creatinine elevations between
the TRUVADA and placebo groups across multiple trials, renal toxicity was generally
uncommon and was mostly mild, rarely serious, and at all times manageable.
Discontinuations of medication for any reason were infrequent and generally balanced
between groups. In the iPrEx trial, seven subjects discontinued TRUVADA for increased
creatinine; however, six of these were able to resume treatment without incident. One
subject permanently discontinued TRUVADA because of a Grade 1 creatinine increase
and another for Grade 2 hypophosphatemia. In the Partners PrEP trial, six of seven
discontinuations were due to renal toxicity, five of which were related to a decline in
creatinine clearance <50 mL/min (two TRUVADA, two TDF and one placebo). One of
the six subjects in the TDF group was also noted to have hypophosphatemia; however,
none had proteinuria or glycosuria. The five cases of decreased creatinine clearance all
occurred in women, all of whom had normal values at baseline, although three had low
normal creatinine clearances at entry. Renal insufficiency resolved with cessation of the
study drug in these five cases, but a Grade 1 creatinine increase in a male subject was
still ongoing at exit from the trial.
With respect to bone safety, subjects receiving TRUVADA in the iPrEx trial had small
but statistically significant mean decreases in bone mineral density (BMD) compared to
baseline and relative to placebo. BMD losses greater than 5% from baseline at the
spine were observed in 14% of TRUVADA subjects compared with 6% of placebo
subjects. Of note, among subjects with greater than 5% decrease from baseline in BMD
at the spine, five (all taking TRUVADA) also had evidence of treatment-emergent
graded hypophosphatemia. Similar BMD findings were noted in the CDC 4323 trial; in
addition, almost twice as many subjects receiving TDF in the CDC 4323 trial reported
new onset back pain compared with subjects receiving placebo. DEXA scans obtained
six months after discontinuation of treatment in the iPrEx trial, however, showed that the
BMD decreases associated with TRUVADA were reversing towards baseline levels.
Importantly, in all clinical trials, bone fractures were balanced between treatment arms
and predominantly appeared to be trauma-related.
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In conclusion, the decision to prescribe TRUVADA for the prevention of sexual
acquisition of HIV infection should carefully weigh the individual’s risks for acquiring
HIV, their understanding of the importance of adherence to medication, and their
potential for development of renal or bone toxicity. Education about use of PrEP and
behavioral counseling are essential. Baseline evaluation of individuals should include
HIV testing, assessment of renal function, serum phosphorous, and assessment for the
presence of risk factors for development of renal or bone toxicities. Consideration
should also be given to providing the individual with Vitamin D and calcium
supplementation. Periodic evaluation during PrEP administration should include regular
HIV testing (at least every 3 months) and monitoring for the development of renal
dysfunction. DEXA scans prior to and periodically during treatment may be considered
for some individuals.
If healthcare providers prescribe and individuals utilize TRUVADA in the manner
recommended for PrEP, in combination with other strategies to prevent HIV infection,
the individual at high risk may be spared infection with a serious and life-threatening
illness that requires lifelong treatment with a three-drug antiretroviral regimen. That
regimen, in line with current treatment guidelines for HIV-infected treatment-naïve
patients, will almost certainly contain TRUVADA.
1.3 Recommendations for Postmarket Risk Evaluation and Mitigation Strategies
A Risk Evaluation and Mitigation Strategy (REMS) is being recommended for the PrEP
indication because the risk of developing drug resistance in the setting of ongoing
TRUVADA use following HIV infection is considered serious. Development of drug
resistant HIV-1 variants may limit treatment options for an individual who has
seroconverted while taking TRUVADA for PrEP and may increase the risk of
transmitting resistant virus to others. Since the drug product is already approved and
widely available for the treatment of HIV infection, a restrictive REMS that links
distribution of the drug to documentation of a negative HIV test result is not feasible.
These issues were discussed at length at a Center for Drug Evaluation and Research
(CDER) Regulatory Briefing (see Section 2.5) and at the Advisory Committee meeting
held to discuss this application (see Section 9.3). As such, the goals of the REMS will
be to inform and educate prescribers, other healthcare professionals, and uninfected
individuals at high risk for acquiring HIV infection about:
•
•
•

The importance of strict adherence to the recommended dosing regimen
The importance of regular monitoring of HIV-1 serostatus to avoid continuing to
take TRUVADA for a PrEP indication if seroconversion has occurred, in order to
reduce the risk of development of resistant HIV-1 variants
The fact that TRUVADA for a PrEP indication must be considered as only part of
a comprehensive prevention strategy to reduce the risk of HIV-1 infection and
that other preventive measures should also be used
16
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The elements of the REMS will include:
•
•

•

A TRUVADA Medication Guide, which will be dispensed with each TRUVADA
prescription in accordance with 21 CFR 208.24.
Elements to Assure Safe Use (ETASU), consisting of:
o Training and education materials made available to healthcare
prescribers who prescribe TRUVADA for a PrEP indication. This will be
done via an online website or by print training modules available as hard
copy, upon request
o Targeting training efforts to healthcare prescribers most likely to prescribe
PrEP (primary care physicians, internists, family practitioners, infectious
diseases specialists, obstetrician-gynecologists, and addiction specialists)
o Dissemination of a Safety Information Fact Sheet about the potential and
known safety risks with TRUVADA for a PrEP indication to select
professional organizations
o Provision of the Safety Information Fact Sheet to MedWatch at the same
time it is provided to the select professional organizations
o Quarterly publication of journal information pieces
o Distribution of a Dear Healthcare Provider (DHCP) letter
o Provision of an education slide deck for face-to-face meetings between
pharmaceutical representatives and prescribers
o Provision of a voluntary Healthcare Prescriber-Individual Agreement Form
for initiating TRUVADA for PrEP to be signed by both parties and placed
in an individual’s medical record
 Although use of this element will not be made mandatory, it may
nonetheless serve as a tool for the prescriber and uninfected
individual to facilitate discussion and promote understanding about
the important safety risks associated with TRUVADA for a PrEP
indication.
o Provision of a voluntary Checklist for Prescribers as a reminder about the
management of an individual considering or taking TRUVADA for a PrEP
indication, including recommended screening and baseline tests, signs
and symptoms of acute HIV infection, vaccination against HBV as
needed, and testing for sexually transmitted infections. The Checklist can
also be placed in an individual’s medical record to indicate that the
prescriber has taken the necessary steps to ensure TRUVADA for a PrEP
indication will be used appropriately.
The materials listed in the ETASU will be available through the TRUVADA
REMS program website and will remain on the website for a period of 3 years
following product approval.
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Study completion:
Final report submission:

03/16
09/16

The rationale for specifying 150 seroconverters was based on power calculations so
that the lower bound of the 95% confidence interval of the percentage of subjects
observed with resistance variants after seroconverting in the demonstration projects
is not higher than the upper bound of the 95% confidence interval of the resistance
observed in the iPrEx and Partners PrEP trials, which was zero resistance among
the emergent seroconversions. If this is observed, then a resistance rate no higher
than twice that observed in the registrational trials will be demonstrated.
Additionally, because limited data are available regarding the use of TRUVADA during
pregnancy, and it is anticipated that the product will be used by pregnant women for
purposes of PrEP, the following PMR is being issued:
2)

Through collaboration with the Antiretroviral Pregnancy Registry, conduct a
prospective observational study in order to collect and analyze data on
maternal and fetal outcomes in 200 women who become pregnant while
taking TRUVADA for pre-exposure prophylaxis (PrEP) and choose to
continue TRUVADA during their pregnancies and in 200 women who become
pregnant while taking TRUVADA for PrEP and choose to discontinue it.
Collect and analyze data from at least a similarly sized comparator group of
pregnant HIV-infected women taking antivirals other than
emtricitabine/tenofovir disoproxil fumarate. Data collected on pregnancy
outcomes should include but not be limited to: timing of initiation and duration
of TRUVADA or other antiretrovirals, HIV seroconversions in mother and
infants, spontaneous and elective abortions, spontaneous and scheduled preterm deliveries, stillbirths, infant weight (normal or low) and infant outcomes,
including the presence or absence of congenital malformations.
Timeline: Final protocol submission:
Interim report submissions:
Study completion:
Final report submission:

10/12
09/13, 09/14, 09/15, 09/16
09/16
03/17

The following PMR will provide additional safety data on resistance development in
individuals who seroconvert while taking Truvada and on the incidence and severity of
renal and skeletal adverse reactions in this population:
3)

Collect and analyze data from ongoing and planned demonstration projects
(trials) including at least 7000 uninfected individuals taking Truvada® for a
pre-exposure prophylaxis (PrEP) indication with the objective of examining
the association between levels of adherence to the once-daily dosing regimen
and risk of seroconversion, resistance development, and renal and skeletal
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adverse events. Levels of adherence should measure a gradient of
adherence levels rather than the simple dichotomy of ‘adherent’ versus ‘nonadherent’ using any available data on drug levels as the measure of
adherence. Seroconversion will be assessed every three months, and, upon
each seroconversion, resistance testing should be performed. Assessment for
renal and skeletal adverse events will be performed every three months,
including evaluation of available laboratory data. Analyses will be performed
by geographic region, including the United States.
Timeline: Final protocol submission:
Interim report submissions:
Final report submission:

(b) (4)

Postmarketing Commitments
To identify an adherence tool that may be more reliable than simple self-reporting and
moreover, to identify baseline characteristics that might predict better adherence, the
following study is being conducted as a postmarketing commitment (PMC):
4)

In the context of a U.S. demonstration project (trial) for once-daily Truvada®
for a pre-exposure prophylaxis (PrEP) indication, validate an adherence
questionnaire using an objective quantitative measure such as drug levels
collected over the period of the study. In addition, the trial will utilize subject
demographics and responses to a survey on knowledge, attitudes, and
behaviors (sexual and non-sexual behaviors related to increased risk of HIV
infection) in order to identify baseline characteristics associated with
decreasing adherence, as measured objectively by blood drug levels. The
trial will enroll a national demographically representative sample that reflects
the same target population as described above.
(b) (4)

Timeline: Final protocol submission:
Interim report submissions:
Final report Submission:
Lastly, to capture nationally representative drug utilization data, the following PMC
was drafted with assistance from the Division of Epidemiology (DEPI):
5)

Provide comprehensive national drug utilization data to FDA of sufficient
detail that use of TRUVADA for a PrEP indication and individuals using
Truvada for a PrEP indication can both be characterized. This data should be
submitted to FDA every 6 months for three years, for both generic and brand
name products containing FTC/TDF, starting at one year following approval of
the PrEP indication. The following analyses should be conducted with the
data collected:
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a. Total number of prescriptions dispensed across all settings of care
i. Total number of prescriptions dispensed, stratified by indication,
setting of care, and prescriber specialty
ii. Directions for use (signa) of prescriptions dispensed
b. Total number of unique individuals receiving dispensed prescriptions
across all settings of care
i. Total number of unique patients receiving dispensed prescriptions,
stratified by both indication and setting of care
1. Unique incident users every quarter-year
2. Unique prevalent users every quarter-year
ii. Demographics of users of the product
iii. Clinical characteristics of users of the product
c. Duration of therapy, including definitions of gaps in drug therapy
i. Total and stratified by indication
ii. Examination of possible ‘intermittent’ use
iii. Number of persons switching from PrEP to an HIV treatment
regimen
iv. Dose adjustments
d. Comparison of collected drug utilization data to data from demonstration
projects performed in the United States in terms of patient demographics,
patient clinical characteristics, prescriber specialties, settings of care, and
geographic region (when available).
Timeline: Final protocol submission:
Interim report submissions:
Final report submission:

01/13
07/13, 01/14, 07/14, 01/15,
07/15, 01/16
07/16

Certain elements of these PMR/PMC studies and their timelines are currently still being
negotiated at the time of this writing.
In addition, the Applicant is also proposing to conduct its own observational study in the
form of a registry open to all U.S. prescribers and uninfected individuals (men and
women) using TRUVADA for a PrEP indication. The objectives of the Applicant’s study
are to characterize the demographics of prescribers and individuals who participate in a
comprehensive prevention strategy that includes prescriber self-knowledge of usage
recommendations for TRUVADA for a PrEP indication and users’ self-reported
adherence to TRUVADA and to a comprehensive prevention strategy, as well as their
risk perception and risk behaviors over time.
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2 Introduction and Regulatory Background
2.1 Product Information
TRUVADA® is a fixed-dose combination tablet of the nucleoside analogue emtricitabine
(FTC) and the acyclic nucleotide analogue tenofovir disoproxil fumarate (TDF). It is
indicated for the treatment of human immunodeficiency virus (HIV)-1-infected in adults
and pediatric patients 12 years of age and older, in combination with other antiretroviral
products. Each tablet contains FTC and TDF at the same dosages recommended for
the individual components; i.e., 200 mg of emtricitabine and 245 mg of tenofovir
disoproxil (as fumarate, equivalent to 300 mg TDF or 136 mg of tenofovir). The
recommended dose of TRUVADA is 1 tablet once daily taken orally.
Efficacy Supplement 30 to New Drug Application (NDA) 21-752 for TRUVADA proposes
the following new indication for the TRUVADA tablet: pre-exposure prophylaxis (PrEP)
against HIV-1 infection in adults at risk for HIV-1 acquisition. The proposed dosing of
TRUVADA for a PrEP indication is the same as the recommended dosing for HIV
treatment, namely 1 tablet once daily.
The Applicant makes the following points regarding a PrEP indication for TRUVADA:
• The PrEP indication is based on studies in adults at high risk for sexually
acquired HIV-1 infection.
• TRUVADA should only be used as part of a comprehensive prevention strategy
because TRUVADA is not always effective in preventing the acquisition of HIV-1.
• All individuals should be counseled to strictly adhere to the TRUVADA dosing
schedule because the effectiveness of TRUVADA in reducing the risk of
acquiring HIV-1 is strongly correlated with adherence and detectable drug levels.
• Individuals taking TRUVADA for PrEP should have a documented negative HIV
test prior to initiating and routinely while taking TRUVADA for PrEP.
– Individuals who become HIV-infected while taking TRUVADA must take a
full antiretroviral regimen, which might include TRUVADA with other
agents, to fully suppress virus replication and avoid the development of
resistance.
• It is not known whether TRUVADA is safe and effective for pre-exposure
prophylaxis of HIV-1 infection acquired through injection drug use.
2.2 Tables of Currently Available Treatments for Proposed Indications
No drug treatment is currently approved for a PrEP indication. Alternatives for HIV
prevention include condoms and abstinence.
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2.3 Availability of Proposed Active Ingredient in the United States
TRUVADA is currently available and marketed in the United States for the treatment of
HIV-1 infection in adults and pediatric patients 12 years of age and older. TRUVADA
was first approved on August 2, 2004 in the United States. It was approved in the
European Union on February 21, 2005 and is currently approved in 137 countries. Since
(b) (4)
first approval, cumulative exposure to TRUVADA is estimated to be
patientyears of treatment.
The combination of FTC and TDF, as found in TRUVADA, constitutes the nucleos(t)ide
backbone component of all preferred combination regimens for treatment-naïve HIVinfected patients as recommended by the U.S. Department of Health and Human
Services (DHHS) Guidelines for the Use of Antiretroviral Agents in HIV-1-Infected
Adults and Adolescents.7 As such, FTC and TDF are widely used in the United States
as part of most first-line antiretroviral treatment regimens. In addition to being coformulated in TRUVADA, FTC and TDF are also available as single agents (EMTRIVA®
and VIREAD®, respectively) and in fixed-dose combination tablets with third agents
efavirenz (ATRIPLA®, approved on July 12, 2006) or rilpivirine (COMPLERA®,
approved on August 10, 2011). As of March 31, 2011, the estimated cumulative
(b) (4)
exposure to TDF as a single-agent is
patient-years and to FTC as a single(b) (4)
agent
patient-years. Taking into account VIREAD, EMTRIVA, TRUVADA,
ATRIPLA, and COMPLERA, the total exposure to TDF or FTC is estimated to be
(b) (4)
greater than
patient-years according to the Applicant.
The most common adverse reactions (incidence greater than or equal to 10%) from
registrational clinical trials and postmarketing experience with TRUVADA are diarrhea,
nausea, fatigue, headache, dizziness, depression, insomnia, abnormal dreams, and
rash, although several of these events, in particular the neuropsychiatric ones, may be
related to other co-administered antiretroviral drugs. Renal impairment, including cases
of acute renal failure and Fanconi syndrome (renal tubular injury with severe
hypophosphatemia), has been reported with use of VIREAD. Therefore, it is
recommended that creatinine clearance be calculated in all patients prior to initiating
therapy and as clinically appropriate during therapy with TRUVADA. VIREAD has also
been associated with decreases in bone mineral density (BMD) at the lumbar spine and
hip in treatment-naïve HIV-1-infected adults. Additionally, severe acute exacerbations of
hepatitis B virus (HBV) infection have been reported in patients co-infected with HBV
and HIV-1 who have discontinued TRUVADA therapy. In some patients, the
exacerbations of hepatitis B have been associated with hepatic decompensation and
liver failure. VIREAD is currently approved for treatment of HBV infection, but
TRUVADA is not. Renal impairment, decreases in BMD, and exacerbations of HBV
infection are included in the Warnings and Precautions section of the current TRUVADA
7

http://www.aidsinfo.nih.gov/guidelines/html/1/adult-and-adolescent-treatment-guidelines/0/. Accessed
March 27, 2012.
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label. Post-treatment acute exacerbation of HBV infection also appears as a box
warning in the TRUVADA label.
A growing body of literature highlights the renal and bone adverse effects associated
with tenofovir that are increasingly being recognized in the post-approval period. A
recently reported observational study of more than 10,000 HIV-infected patients from
the Veterans Health Administration (VA) showed that for each year of tenofovir
exposure, the risk of proteinuria rose 34% [95% confidence interval (CI) 25-45%,
p<0.0001], risk of rapid decline in kidney function rose 11% (95% CI 3-18%, p=0.0033),
and risk of developing chronic kidney disease rose 33% (95% CI 18-51%, p<0.0001).8
The risks remained after the researchers controlled for other kidney disease risk factors
such as age, race, diabetes, hypertension, smoking and HIV-related factors. Preexisting
renal risk factors did not appear to worsen the effects of tenofovir. Other antiretroviral
drugs showed weaker or inconsistent associations with kidney disease events. Among
those who discontinued tenofovir use, risk of kidney disease events did not appear to
decrease during follow-up (although mean follow-up was only 1.2 years after stopping
tenofovir). Similarly, another observational VA study of more than 56,600 patients
recently reported an increased risk of osteoporotic fractures with cumulative exposure to
tenofovir, with a yearly hazard ratio for osteoporotic fracture of 1.16 (95% CI 1.08-1.24,
p<0.001) in an univariate model and 1.12 (95% CI 1.03-1.21, p=0.011) in a multivariate
model controlling for age, race, diabetes, smoking, body mass index, hepatitis C status
and concomitant antiretroviral exposures.9 That said, there are limitations to both of
these studies. For one, both are observational and retrospective in nature; as such,
there may have been incomplete or inadequate control for factors that may have
confounded or explained the observed associations. In the VA bone fracture study,
osteoporotic fractures were not ascertained and BMD data were not evaluated; thus the
fractures cannot be proven to be osteoporotic in nature and the observed associations
may not necessarily be causative. In the VA renal study, patients with inadequate data
collection were excluded from the study and these patients tended to be on average
healthier than the patients included in the study. Also, the association between tenofovir
and proteinuria, rapid decline in kidney function, and chronic kidney disease may be
overestimated as the association was strongest in the earlier era of the drug’s
availability on the market compared to later eras and the point estimates for these
events are very small.
Clinical trials of TRUVADA in HIV-uninfected individuals are limited, but a small (N=44)
community-based observational study of TRUVADA given for non-occupational postexposure prophylaxis (nPEP) reports that a 4-week course of TRUVADA was generally
well-tolerated and associated with high completion rates (72%) compared to historical
8

Scherzer R, Estrella M, Li Y, Choi AI, Deeks SG, Grunfeld C, Schlipak MG. Association of tenofovir
exposure with kidney disease risk in HIV infection. AIDS 2102; 26: 867-75.
9
Bedimo R, Maalouf NM, Zhang S, Drechsler H, Tebas P. Osteoporotic fracture risk associated with
cumulative exposure to tenofovir and other antiretroviral agents. AIDS 2012; 26:825-31.
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controls using zidovudine/lamivudine regimens.10 Abdominal complaints were the most
common side effects, with 48% of TRUVADA participants reporting abdominal
discomfort, pain, or bloating, compared to 20% of those who used TDF/lamivudine and
only 3% of those who used zidovudine/lamivudine (p<0.001). Diarrhea was reported by
38% of those taking TRUVADA and 31% of those taking TDF/lamivudine, compared to
only 10% of those who took zidovudine and lamivudine (p<0.01). Abdominal discomfort,
however, tended to be mild and resulted in no regimen discontinuations. The only
laboratory abnormalities noted among TRUVADA participants were one Grade 1 and
one Grade 2 transaminase elevation in two persons.
2.4 Important Safety Issues with Consideration to Related Drugs
Lactic acidosis and severe hepatomegaly with steatosis, including fatal cases, have
been reported with the use of nucleoside analogs, including VIREAD, in combination
with other antiretrovirals. A majority of these cases have been in women and obesity
and prolonged nucleoside exposure may be risk factors. Particular caution is
recommended when administering nucleoside analogs to any patient with known risk
factors for liver disease, although cases have also been reported in HIV-1-infected
patients with no known risk factors. Lactic acidosis and severe hepatomegaly appear as
box warnings in the current TRUVADA label.
2.5 Summary of Presubmission Regulatory Activity Related to Submission
To support the proposed indication, the Applicant, Gilead Sciences, Inc., has submitted
human data from clinical trials conducted by other study sponsors, namely DHHS
government agencies and academic institutions, which evaluated the use of once-daily
TRUVADA as PrEP. The clinical data used in primary support of the proposed new
indication are derived from two multinational, Phase 3, randomized, placebo-controlled
trials:
1. CO-US-104-0288: The Pre-exposure Prophylaxis Initiative (iPrEx) trial, “A Phase
3, randomized, double-blind, placebo-controlled study of chemoprophylaxis for
HIV prevention in initially HIV-1-uninfected men who have sex with men (MSM)”
2. CO-US-104-0380: The Partners PrEP trial, “Parallel comparison of tenofovir and
emtricitabine/tenofovir pre-exposure prophylaxis to prevent HIV-1 acquisition
within HIV-1 discordant couples”
In addition, safety information from other clinical PrEP trials were submitted as
supportive elements, including data from Study CDC 4323, a U.S.-based safety study of
10

Mayer KH, Mimiaga MJ, Cohen D, Grasso C, Bill R, Van Derwarker R, Fisher A. Tenofovir DF plus
lamivudine or emtricitabine for nonoccupational postexposure prophylaxis (NPEP) in a Boston
Community Health Center. J Acquir Immune Defic Syndr 2008; 47:494-9.
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TDF in MSM conducted by the Epidemiology Branch, Division of HIV/AIDS Prevention,
Centers for Disease Control and Prevention (CDC) (CO-US-104-0277).
Again, none of these trials was sponsored by the Applicant. Presubmission regulatory
activity related to each trial was conducted under the individual Investigational New
Drug (IND) for that trial when such an IND was available. For example:
• The iPrEx trial was conducted under an IND held by the Division of AIDS
(DAIDS), National Institute of Allergy and Infectious Diseases (NIAID), National
Institutes of Health (NIH). Pre-IND consultation was requested on November 28,
2005. Feedback from the Division of Antiviral Products (DAVP) was incorporated
into the version of the protocol submitted to the IND on May 11, 2006.
– A subsequent Phase 2 protocol (HPTN 067, the ADAPT Study), submitted
in September 2010 to this IND, is evaluating intermittent dosing of oral
PrEP in MSM using open-label FTC/TDF.
• The Partners PrEP trial was conducted under an IND held by principal
investigator Connie Celum, MD, MPH, of the International Clinical Research
Center (ICRC), University of Washington, Seattle, WA. Pre-IND consultation was
requested on May 15, 2007 and the final protocol was submitted with input from
the DAVP. The IND opened on August 20, 2007.
• The CDC 4323 trial was not conducted under IND.
The Applicant reports having collaborated with the pivotal trial sponsors to prepare the
clinical trial data for regulatory review. Regulatory interactions between the Applicant
and the DAVP regarding the use of TDF (with or without FTC) for PrEP are summarized
below:
•

October 28, 2009, under IND 52,849 (TDF for the treatment of HIV-1 infection):
A Type C meeting was held to discuss the development of a coordinated strategy
for the regulatory review of data from the PrEP clinical trials of VIREAD and
TRUVADA. At this stage, the two Phase 3 trials under consideration for
submission were the iPrEx trial and Study CDC 4370, a clinical trial evaluating
the effectiveness of TDF as PrEP in intravenous drug users in Bangkok (see
Section 2.6). The DAVP suggested that Study CDC 4323 also be submitted in
support of VIREAD for a PrEP indication.

•

June 29, 2010: IND 108,930 was opened specifically for TDF, with or without FTC,
for a PrEP indication.

•

August 11, 2010: Fast Track designation was granted to IND 108,930.

•

December 8, 2010, Type B pre-NDA meeting held under IND 108,930:
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On November 23, 2010, results from the iPrEx trial were made public and
subsequently published.11 A Type B pre-NDA meeting was held on December 8,
2010 to discuss the potential for data from the iPrEx trial to support a
supplemental NDA filing and to discuss key aspects related to the content,
format, and administrative information necessary to support a regulatory filing for
use of TRUVADA as PrEP. The DAVP highlighted the need for a REMS to
assure safe product use, including communication and educational plans, and
assessments such as comprehension evaluation, as well as the potential need
for postmarketing evaluation of product safety, such as monitoring for
development of drug resistance among seroconverters.
•

March 9, 2011, under IND 108,930:
A Type C meeting was held to further discuss the nature of the anticipated
REMS. The key issue raised by the DAVP was the need to include the reduction
in the risk of development of resistant HIV-1 variants as a specific goal of the
REMS. Further, the DAVP requested that the Applicant consider periodic HIV
testing in the proposed REMS as Elements to Assure Safe Use (ETASU). The
Applicant expressed concerns about the feasibility of such an ETASU in the
context of TRUVADA given that the product is already widely prescribed and
available as a treatment for HIV-1 infection.

•

June 10, 2011:
A Center for Drug Evaluation and Research (CDER) Regulatory Briefing was
held to present the published results of the iPrEx trial and obtain feedback on
regulatory means of reducing the risk of developing and spreading resistant HIV
variants. The general consensus was that a restrictive REMS with ETASU
requiring periodic HIV testing as a condition for dispensing drug would not be
feasible as it would adversely impact the availability of the drug for its primary
indication (i.e., treatment of HIV-1 infection). Restricted distribution was also not
feasible as both drug products found in TRUVADA are approved and available in
the United States; moreover, prescribers and individuals considering TRUVADA
as PrEP could circumvent a restrictive REMS program to obtain the drug.

•

July 10, 2011:
A CDER Director Briefing was held to update center management on
developments in the PrEP field since the Regulatory Briefing held in June 2011,
and specifically to present the recently reported results from the Partners PrEP

11

Grant RM, Javier R. Lama JR, Anderson PL, McMahan V, Liu AY, Vargas L, et al. Preexposure
chemoprophylaxis for HIV prevention in men who have sex with men. N Engl J Med 2010; 363:2587-99.
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and CDC TDF2 trials in heterosexuals (see Section 2.6). Concurrence was
reached on the following:
o Add heterosexual serodiscordant couples and MSM to the proposed PrEP
indication for TRUVADA
o Because of the approved indication for treatment of established HIV-1
infection, the REMS for TRUVADA for the proposed PrEP indication
should not be linked to the ability to prescribe or dispense drug.
o The proposed REMS for TRUVADA for the PrEP indication would only
include a communications-based ETASU, including voluntary prescriber
training and education.
The DAVP informed the Applicant of the above points. The Applicant concurred
that the planned submission would include data from one of the heterosexual
PrEP trials in addition to data from the iPrEx trial to support the proposed PrEP
indication.
•

August 19, 2011:
An open public meeting was held under the auspices of the non-profit Forum for
Collaborative HIV Research (FCHR) regarding PrEP.12 Invited speakers/panelists
included members of the DAVP, industry, community advocates, and PrEP
clinical researchers. The following points pertaining to risk mitigation were made:
o Stakeholders overwhelmingly concurred that any restricted drug
distribution, mandatory or voluntary registry for prescribers or uninfected
individuals taking TRUVADA for the PrEP indication, or documentation of
safe use would not be a successful risk mitigation strategy because the
two drugs contained in TRUVADA are approved products on the market.
As previously noted, prescribers and individuals could circumvent such a
risk mitigation program making it ineffective.
o Stakeholders voiced that a proposed TRUVADA PrEP education and
outreach program must be part of larger HIV prevention initiatives.
o Stakeholders suggested that postmarketing surveillance carefully monitor
to the extent possible the safety of TRUVADA in a non-HIV-1 infected
population and for the potential emergence of drug-resistant variants.

2.6 Other Relevant Background Information
In 2010-2011, results from several clinical trials demonstrated that PrEP with
antiretroviral agents is a plausible means of reducing the risk of HIV infection. In July
2010, results from the CAPRISA 004 trial were presented at the 18th International AIDS
12

http://www.hivforum.org/index.php?option=com content&task=view&id=442&Itemid=79
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Conference. This was the first trial to show that an antiretroviral drug could preemptively
reduce the risk of HIV acquisition. In CAPRISA 004, 1% tenofovir vaginal gel applied
twice a day and peri-coitally reduced HIV acquisition in women by 39% [hazard ratio
0.61; 95% CI 0.40–0.94, p=0.017].13 In subgroup analyses, efficacy was 54% in women
who reported more than 80% adherence to gel use with sex acts in the prior month
(p=0.025). Tenofovir was detectable in vaginal fluids of 50% of HIV-infected females
versus 96% of uninfected females. Exploratory analyses of cervicovaginal tenofovir
concentrations indicate that levels greater than 1000 ng/mL may be protective.14 An
incidental finding was a 51% reduction in the incidence of herpes simplex virus (HSV)-2
in the tenofovir gel group, consistent with in-vitro work demonstrating that high mucosal
concentrations of tenofovir inhibits HSV-2 replication.15
This was followed in November 2010 by the release of the iPrEx trial results, in which
the daily use of oral FTC/TDF (TRUVADA) reduced HIV acquisition by 44% in MSM. In
both trials, there was a strong correlation between reduced HIV acquisition and local
exposure to drug in the genital tract (CAPRISA 004) or systemic exposure via plasma
(iPrEx). On January 28 2011, based on the results of the iPrEx trial, the CDC issued
interim guidance on the use of once-daily TRUVADA as PrEP in MSM.16 The iPrEx trial
will be reviewed in greater detail later in this document.
At the 6th International AIDS Society (IAS) Conference held in July 2011 in Rome, Italy,
results from two additional trials, CDC TDF2 and Partners PrEP, reported 62% to 73%
protection against HIV acquisition in men and women when daily TDF with or without
FTC was used.17,18 The Partners PrEP trial in 4,758 HIV-serodiscordant couples from
Kenya and Uganda showed no statistical difference in efficacy between TDF and
FTC/TDF (p=0.18). Both TDF and FTC/TDF significantly reduced HIV risk in both men
and women. The Partners PrEP trial is reviewed in greater detail later in this document.
The CDC TDF2 trial in 1,219 HIV-uninfected men and women in Botswana reported 33
new HIV seroconversion events: 9 in the FTC/TDF group and 24 in the placebo group,
13

Abdool Karim Q, Abdool Karim SS, Frohlich JA, et al. Effectiveness and safety of tenofovir gel, an
antiretroviral microbicide, for the prevention of HIV infection in women. Science 2010; 329:1168-74.
14
Abdool Karim SS, Kashuba A, Werner L, Abdool Karim Q. Drug concentrations after topical and oral
antiretroviral pre-exposure prophylaxis: implications for HIV prevention in women. Lancet 2011; 378:27981.
15
Andrei G, Lisco A, Vanpouille C, et al. Topical tenofovir, a microbicide effective against HIV, inhibits
herpes simplex virus-2 replication. Cell Host Microbe 2011; 10:379-89.
16
CDC. Interim Guidance: Preexposure Prophylaxis for the Prevention of HIV Infection in Men Who Have
Sex with Men. MMWR 2011; 60: 65-8.
17
Thigpen MC, Kebaabetswe PM, Smith DK, et al. Daily oral antiretroviral use for the prevention of HIV
infection in heterosexually active young adults in Botswana: results from the TDF2 study [Abstract]. 6th
IAS Conference on HIV Pathogenesis, Treatment and Prevention; 2011 July 17-20; Rome, Italy.
18
Baeten J, Celum C. Antiretroviral pre-exposure prophylaxis for HIV-1 prevention among heterosexual
African men and women: the partners PrEP study [Oral Presentation]. 6th IAS Conference on HIV
Pathogenesis, Treatment and Prevention; 2011 July 17-20; Rome, Italy.
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for an overall protective efficacy of 62% (95% CI 22-83%; p=0.01). Due to the fewer
endpoints, the trial was not powered to demonstrate statistically significant efficacy in
each gender, although point estimates suggested a protective effect for both men
(80.1%, p=0.03) and women (49.4%, p=0.1). The trial showed no between-group
differences in serious clinical adverse events or laboratory abnormalities. Nausea,
vomiting, and dizziness occurred more commonly in the FTC/TDF group and there were
minimal but statistically significant declines in BMD T-scores and Z-scores at the
forearm, hip and lumbar spine in participants receiving FTC/TDF compared with
placebo. Two subjects, one in each treatment group, were found to have drug-resistant
HIV-1 strains post-baseline. Retrospective testing revealed that the subject in the
FTC/TDF group was enrolled with unrecognized acute wild-type HIV infection.
Subsequently, high levels of multiple drug resistance substitutions were detected in this
subject’s isolates, conferring nucleoside reverse transcriptase inhibitor (NRTI) drug
class resistance. The subject in the placebo group, on the other hand, was found to
have transient and low levels (< 1%) of the K65R mutation.
In contrast to the previous two trials in heterosexual individuals, a similar trial in African
women, FEM-PrEP, evaluating daily oral dosing with FTC/TDF was halted on April 18,
2011 due to futility.19 The FEM-PrEP trial enrolled 2,120 women considered to be at
high-risk for HIV infection in Kenya, Tanzania, and South Africa, of which 2,056 women
contributed follow-up data and approximately 80% completed the trial.20 Roughly 60% of
the women were younger than 25, about 12% reported having sex for gifts or money
with non-primary partners, and only half reported condom use. Women reported an
average of 3.7 vaginal sex acts in the 7 days prior to enrollment, consistent with the
average of 3.6 acts reported during follow-up.21
At the 19th Conference on Retroviruses and Opportunistic Infections (CROI) held in
March 2012, the FEM-PrEP investigators presented the final results from the trial. There
were a total of 68 HIV seroconversion events: 33 in the FTC/TDF group and 35 in the
placebo group, with a 6% relative risk reduction for FTC/TDF (hazard ratio=0.94 [CI
0.59, 1.52]; p=0.81); thus, a protective effect of FTC/TDF could not be demonstrated.
Despite substantial counseling efforts in the FEM-PrEP trial, inadequate adherence was
demonstrated by plasma drug concentrations; detectable drug in blood samples was
found in less than half of the infected women or uninfected controls matched to cases
by time of infection. Plasma samples from the visit before and from the visit at the time
HIV was diagnosed were analyzed. In infected participants, 26% had detectable levels
of tenofovir in their blood in the last visit before they tested HIV positive, 21% at the visit
19

http://www.fhi360.org/en/AboutFHI/Media/Releases/FEM-PrEP statement041811.htm
Van Damme L, Corneli A, Ahmed K, et al. The FEM-PrEP trial of emtricitabine/tenofovir disoproxil
fumarate (Truvada) among African women. 19th Conference on Retroviruses and Opportunistic Infections
(CROI); 2012 March 5-8; Seattle, WA. [Oral Presentation]
21
Family Health International. FEM-PrEP fact sheet. Key findings.
http://www.fhi360.org//NR/rdonlyres/exo44wsp2ibf7d2ssrny7wzxhlb6xbhy6at5rgjwwt37bhy6kjwqjfjmkmxtq
b7tw5xno4psfseugk/FEMPrEPFactSheetKeyFindings1.pdf
20
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they tested positive, and 15% at both visits; in non-infected participants whose samples
were taken at the same time points, these percentages were 35%, 38%, and 26%,
respectively. Drug-resistance data were available for 35 women in the FTC/TDF group
and 40 women in the placebo group. Although the K65R mutation was not identified in
any participant, four women in the FTC/TDF group and one in the placebo group
developed the single M184V FTC resistance substitution. Particularly concerning was
the finding that about 70% of the women considered themselves to be at low risk or not
at risk for acquiring HIV infection, despite a significant prevalence of sexually
transmitted infections at baseline. The study investigators surmised that the trial’s ability
to assess the efficacy of FTC/TDF as PrEP may have been undermined by poor drug
adherence and the low risk perception among participants.
Among pre-specified adverse event categories in the FEM-PrEP trial, only the rates of
vomiting and nausea were significantly higher in the FTC/TDF group. Women in FEMPrEP were also required to use an effective non-barrier method of contraception. At
enrollment, 66% were using injectables and 30% were using oral contraceptives. The
overall pregnancy rate was 9%, with the highest pregnancy rates among women using
oral contraceptives, suggesting that low adherence to oral medications was not
necessarily restricted to the study drugs.
In the Vaginal and Oral Interventions to Control the Epidemic (VOICE) trial, a five-arm
trial among 5,028 HIV-uninfected African women in which daily 1% tenofovir gel, daily
oral TDF, and daily oral FTC/TDF were being compared to respective gel/oral placebos,
the oral TDF and tenofovir vaginal gel arms were stopped in the fall of 2011 by the Data
and Safety Monitoring Board (DSMB) because protection from HIV infection was not
observed.22 The VOICE trial is presently ongoing comparing oral FTC/TDF to placebo.
Of note, no significant safety concerns have been reported in the VOICE trial thus far.
The reasons for the vastly different outcomes among the four oral PrEP trials that
included women, which used identical antivirals and dosing schedules, are being further
investigated at this time; however, as will be further discussed in this review, adherence
to prescribed interventions appears to play a key role.

22

http://www.niaid.nih.gov/news/newsreleases/2011/Pages/VOICEdiscontinued.aspx
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3.2 Compliance with Good Clinical Practices
For both pivotal trials, iPrEx and Partners PrEP, the protocols, protocol amendments,
consent forms, study subject information sheets, and any advertisements were
submitted by each investigator to a duly constituted Independent Ethics Committee
(IEC) or Institutional Review Board (IRB) for review and approval before study initiation.
After initial IEC/IRB approval, protocol amendments and all revisions to the consent
form or subject information sheet (if applicable) were submitted by the investigator to
the IEC/IRB for review and approval before implementation in accordance with
regulatory requirements.
Both pivotal trials were conducted under IND and in accordance with recognized
international scientific and ethical standards, including but not limited to the International
Conference on Harmonization guideline for Good Clinical Practice (ICH GCP) and the
original principles embodied in the Declaration of Helsinki. These standards are
consistent with the requirements of the U.S. Code of Federal Regulations (CFR) Title
21, Part 312 (21CFR312).
In the iPrEx trial, protocol violations were reviewed by the study sponsor (DAIDS) and
protocol chair. Valid protocol violations were limited to 37 subjects (FTC/TDF 16 [1%],
placebo 21 [2%]), compromising <2% of the overall study population. Most protocol
violations were considered to be minor deviations that did not affect the quality of the
data. Relevant protocol deviations were proportionally distributed between treatment
groups. No subject violated more than one eligibility criterion. The four events of
incorrect study drug dispensation all occurred in the placebo group but did not result in
subjects receiving drug from the opposite treatment group.
Table 2: Important Protocol Deviations in the iPrEx Trial (CO-US-104-0288)

a) Includes violations determined to be valid upon review by the study sponsor and protocol chair.
Source: CO-US-104-0288 CSR, page 55.

In the Partners PrEP trial, 53 protocol violations were reported by the investigational
sites. These included three protocol violations related to study drug, 21 to eligibility
criteria, 13 to expedited adverse events, nine to study procedures, and seven to other
reasons, including informed consent, but the submitted CSR neither summarizes nor
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tabulates the protocol violations. All subjects who received study drug, however, were
evaluated.
The Office of Scientific Investigations (OSI), Division of Good Clinical Practice
Compliance, was consulted to conduct audits of representative clinical sites in support
of this application. Four foreign clinical sites were selected for inspection, two from each
pivotal trial. The inspections revealed no regulatory violations in three of the four sites
(Guayaquil, Ecuador in the iPrEx trial and the Tororo, Uganda and Kisumu, Kenya sites
in the Partners PrEP trial). A regulatory violation was identified during inspection of one
of the iPrEx sites (Lima, Peru) that involved failure to obtain additional informed consent
in one subject (Subject 9010691) following confirmation of HIV seroconversion, as per
the protocol. This finding does not critically impact the primary efficacy and safety
analyses and the effect on overall data integrity is not considered to be significant.
Therefore, OSI concluded that the data submitted from these four sites were reliable
and acceptable in support of the application.
3.3 Financial Disclosures
The Applicant has provided documentation certifying that none of the 20 principle
investigators in the iPrEx or Partners PrEP trials held any financial interest or
arrangements with the sponsor of the respective trials whereby the value of
compensation to the investigator for conducting the trial could be affected by the
outcome of the trial (as defined in 21 CFR 54.2 (a)); had proprietary interest in the
product or significant equity interest in the sponsor of the trial (as defined in 21 CFR
54.2 (bb)); or was the recipient of significant payments of other sorts (as defined in 21
CFR 54.2 (f)). Despite due diligence, the individual trial sponsors were unable to obtain
information regarding potential financial interest or agreements in 82/230 (37%) subinvestigators in the iPrEx trial and 3/29 (10%) sub-investigators in the Partners PrEP
trial. The use of blinded randomization in these trials, as well as the use of an objective
measure for the primary endpoint (i.e., HIV seroconversion), however, reasonably
mitigates the potential for bias based on financial interest.

4 Significant Efficacy/Safety Issues Related to Other Review
Disciplines
4.1 Chemistry Manufacturing and Controls
The chemistry, manufacturing, and controls for the TRUVADA tablet have not been
altered as of a result of the proposed indication. The currently manufactured and
approved TRUVADA tablet for the treatment of HIV infection is also proposed for the
PrEP indication.
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The molecular formula of TDF is C19H30N5O10P • C4H4O4 and it has a molecular weight
of 635.52. The structure of TDF is as follows:

Emtricitabine has a molecular formula of C8H10FN3O3S and a molecular weight of
247.24. Emtricitabine has the following structural formula:

There was one potential issue regarding this supplemental application related to
potential environmental impact, but with a finding of no significant impact by the Office
of Pharmaceutical Science (OPS) Environmental Assessment Staff, this issue has been
satisfactorily resolved. Please the CMC review by Dr. Stephen Miller.
4.2 Clinical Microbiology
The use of antiretroviral drugs for HIV prevention was initially demonstrated by a series
of controlled studies using macaque models of HIV transmission. These studies showed
that treatment with oral or subcutaneous TDF (with or without FTC) either before or
shortly after oral, rectal, vaginal, or intravenous inoculation with simian
immunodeficiency virus (SIV) or SIV/HIV-1 chimeric virus (SHIV) prevented or delayed
the onset of viremia. A key study in rhesus macaques by Garcia-Lerma et al reported
that a dosing regimen of daily oral FTC and oral TDF prevented infection via rectal SHIV
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exposure in the majority of animals and was associated with delayed infection and lower
acute viremia in animals that had breakthrough infections (see Table 3).23
Table 3: Daily or Intermittent Prophylaxis of Rhesus Macaques

Abbreviations: TDF = tenofovir disoproxil fumarate; FTC = emtricitabine; TFV = tenofovir; PO = oral; SC =
subcutaneous; NA = not applicable
Source: NDA 21-752/S-30 Nonclinical Overview

The collective nonclinical data also showed that a single pre-exposure dose of FTC/TDF
was not effective in preventing infection, demonstrating the need for post-exposure
dosing, and that the dual agent regimens of FTC and TDF were more efficacious than
single agent regimens.24 Additionally, oral FTC/TDF treatment offered complete
23

Garcia-Lerma JG, Otten RA, Qari SH, Jackson E, Cong ME, Masciotra S, et al. Prevention of rectal
SHIV transmission in macaques by daily or intermittent prophylaxis with emtricitabine and tenofovir. PLoS
Med 2008; 5 (2):e28.
24
Garcia-Lerma G, Cong ME, Zheng Q, Holder A, Martin A, Lin CC, et al. Efficacy of intermittent
prophylaxis with tenofovir and emtricitabine against rectal SHIV transmission in macaques and
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protection against an FTC-resistant virus containing M184V in macaques.25 For further
details on these nonclinical studies, please see the Microbiology review by Dr. Damon
Deming.
Resistance issues pertinent to this application are discussed in Section 6.1.5 of this
review.
4.3 Preclinical Pharmacology/Toxicology
The toxicological profiles of FTC and TDF are well characterized and adequately
addressed in the current Prescribing Information label. The key toxicology findings for
FTC/TDF are renal and bone toxicity as discussed in Section 2.3 of this review. Please
the Pharmacology/Toxicology review by Dr. Pritam Verma for further details.
Animal data indicate that neither FTC nor TDF affect male or female fertility or caused
reproductive or fetal toxicity. However, tenofovir has been shown to cross the placenta
in monkeys and to be excreted in milk. Emtricitabine has also been shown to cross the
placenta and the ratio of FTC concentrations in plasma in pregnant mice and rabbits as
compared to their fetuses was approximately 0.4. Therefore, caution is appropriate until
relevant data are available in pregnant human patients.
Recent clinical data from five HIV-1 infected mothers demonstrate that both tenofovir
and emtricitabine are secreted in human breast milk. The proposed label submitted with
this application includes this new information in Section 8.3 Nursing Mothers. This
information has been approved for the VIREAD label, but not yet for the EMTRIVA
label.
4.4 Clinical Pharmacology

4.4.1 Mechanism of Action
Tenofovir disoproxil fumarate is a fumaric acid salt prodrug of tenofovir (TFV), an acyclic
nucleoside phosphonate (nucleotide) analog of adenosine 5’-monophosphate. In vivo,
the prodrug is cleaved by esterases to form tenofovir. Tenofovir then undergoes
intracellular diphosphorylation to form TFV-5’-diphosphate (TFV-DP), which has activity
against HIV-1 reverse transcriptase.
Emtricitabine is a synthetic nucleoside analog which also has activity against HIV-1
reverse transcriptase. FTC is phosphorylated by intracellular enzymes to form the active
relationship to systemic and mucosal drug levels [Abstract 83]. 17th Conference on Retroviruses and
Opportunistic Infections (CROI); 2010 February 16-19; San Francisco, CA.
25
Cong ME, Youngpairoj AS, Zheng Q, Aung W, Mitchell J, Sweeney E, et al. Protection against rectal
transmission of an emtricitabine-resistant simian/human immunodeficiency virus SHIV162p3M184V
mutant by intermittent prophylaxis with Truvada. J Virol 2011; 85 (15):7933-6.
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moiety, FTC-5’-triphosphate (FTC-TP). FTC-TP inhibits the activity of the HIV-1 reverse
transcriptase by competing with the natural substrate deoxycytidine 5’-triphosphate.

4.4.2 Pharmacodynamics
In the original marketing application for TDF (NDA 21-356), a formal pharmacokineticpharmacodynamic (PK/PD) trial was not conducted to evaluate relationships between
dose, concentration, and efficacy. The 300 mg dose of TDF was selected based on
safety and efficacy results in HIV-infected subjects in two trials, Studies 901 and 902. In
the dose-ranging Study 901, the Applicant tested TDF at 75 mg, 150 mg, 300 mg, and
600 mg once daily given for 15 to 35 days. However, insufficient PK data were available
from the 75 mg and 150 mg dose groups to conduct a comprehensive exposureresponse analysis. The 300 mg dose produced better antiviral efficacy than 75 and 150
mg, and similar antiviral efficacy compared to 600 mg. Study 902 evaluated the safety
and efficacy of tenofovir DF 75 mg, 150 mg, and 300 mg once daily for 48 weeks. This
trial did not include a PK evaluation of tenofovir. TDF 300 mg once daily demonstrated
better efficacy results than the 75 mg or 150 mg dose groups, with acceptable safety
margins. In both TDF trials, decreases in HIV RNA were greater in the 300 mg dose
group compared to the 75 mg and 150 mg dose groups. Based on these results, TDF
300 mg once daily progressed to the Phase 3 trials.
In the original marketing application for emtricitabine (NDA 21-500), Study FTC-101
evaluated the safety, tolerability, PK, and antiviral activity of different dosing regimens of
FTC monotherapy in HIV-infected subjects were investigated. The tested doses
included FTC 25 mg BID, 100 mg QD, 100 mg BID, and 200 mg QD, and 200 mg BID.
All FTC doses produced antiviral activity. However, there was less antiviral activity with
doses delivering 50 mg to 100 mg of FTC per day, as compared to ≥200 mg of FTC per
day. Because no clear increase in antiviral activity was observed after doubling the total
daily FTC dose from 200 mg QD to 200 mg BID, the 200 mg QD dosing regimen was
selected for further testing in the Phase 3 studies. No additional dose finding trials were
conducted during the Phase 2 development for FTC.
With respect to a PrEP indication, the relationship between drug concentration and the
protective effect of FTC/TDF against HIV infection has been explored by the iPrEx and
Partners PrEP trial investigators. Similar analyses have been conducted or are in
progress for other oral PrEP trials, such as the CDC TDF2 and FEM-PrEP trials. The
FDA Clinical Pharmacology and Pharmacometrics review teams also performed an
independent analysis of the PK data from the iPrEx and Partners PrEP trials to examine
the exposure-risk reduction relationship of FTC/TDF; the results are summarized here.
For the iPrEx trial, submitted PK data contained plasma and intracellular concentrations
of tenofovir and emtricitabine closest to the date of seroconversion from 48 HIV
seroconverters in the FTC/TDF group. The PK data from 144 matched HIV-uninfected
controls (11 subjects served as controls twice) were also included. As shown in Figure
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1, only 8% of HIV seroconverters had measurable levels of intracellular TFV-DP (above
2.5 fmol/M cells) at the visit closest to the time of seroconversion compared to 38% of
the matched HIV- controls (replicated subjects were excluded, P< 0.0001). The mean
intracellular TFV-DP levels were also higher in the non-seroconverter group compared
to the seroconverter group (Figure 1, right),
Figure 1: Summary of Relationship between Measurable Intracellular TFV-DP Concentrations and
HIV Seroconversion in the iPrEx Trial (Study CO-US-104-0288)

Red line (right figure) depicts mean TFV-DP concentrations in each group.
Source: Clinical Pharmacology Review for NDA 21-752/S-30

Given the long half-life (about 21 days) of intracellular TFV-DP in peripheral blood
mononuclear cells (PBMCs), non-measurable intracellular concentrations are indicative
of poor drug adherence. In order to assess the impact of drug exposure on efficacy, the
distribution of subjects with detectable TFV-DP concentrations among the 133 HIVuninfected subjects (i.e., 62% non-measurable versus 38% measurable) was
extrapolated to all HIV-uninfected subjects within the FTC/TDF group of the iPrEx trial
(N=1176). Based on the extrapolation, 451 HIV-uninfected subjects treated with
FTC/TDF were likely to have measurable TFV-DP concentrations and 725 subjects
were likely to have nonmeasurable concentrations. Next, the event rate of HIV-1
infection for these uninfected subjects was estimated by taking into account the 48
subjects who seroconverted in the FTC/TDF group (four with measurable
concentrations and 44 with non-measurable concentrations). The event rate in the
uninfected group expected to have measurable concentrations was estimated as 4/455
(451+4) and the event rate for uninfected subjects with no measurable concentrations
was estimated as 44/769 (725+44). Figure 2 displays the seroconversion rates per
person years.
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Figure 2: Incidence of HIV Seroconversion by Measurable Intracellular TFV-DP Concentrations in
the iPrEx Trial (Study CO-US-104-0288)

Source: Clinical Pharmacology Review for NDA 21-752/S-30

When translating these absolute seroconversion rates to risk reduction for FTC/TDF
compared with placebo, the relative risk reduction in subjects with measurable
intracellular tenofovir concentrations was 87.5%. In contrast, subjects with nonmeasurable TFV-DP demonstrated limited additional protection from HIV acquisition
(14.5%) compared with placebo (Figure 3).
Figure 3: Risk Reduction in HIV Seroconversion Relative to Placebo based on Measurable
Intracellular TFV-DP Concentrations in the iPrEx Trial (Study CO-us-104-0288)

Source: Clinical Pharmacology Review for NDA 21-752/S-30
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The exposure-risk reduction relationship in the iPrEx trial was further explored by
separating the TFV-DP measurable group into low measurable and high measurable
subgroups. Work done by Anderson et al with PK data from the STRAND study, a
randomized, crossover PK study of oral TDF in 23 HIV-uninfected subjects assigned to
receive either 2, 4, or 7 directly observed doses per week for 6 weeks at each dose,
showed that the median steady state intracellular TFV-DP concentrations for TDF taken
twice per week, four times per week, and daily were 11, 32 and 42 fmol/M cells,
respectively.26
Using the median concentration of 11 fmol/M cell for the twice per week dosing as a cutoff, FDA calculated a seroconversion rate of 1% for iPrEx subjects with low intracellular
TFV-DP concentrations (<11 fmol/M cell), while subjects with high measurable
concentrations (≥11 fmol/M cell) had a 0.2% seroconversion rate. As a result, the
relative risk reduction was estimated as 76.1% for the low measurable group (<11
fmol/M cell) and 94.9% for the high measurable group, suggesting that a dosing
frequency greater than twice a week may provide better efficacy than dosing less than
twice a week (Figure 4).
Figure 4: Risk Reduction in HIV Seroconversion Relative to Placebo Using a TFV-DP
Concentration of 11 fmol/M cells in the iPrEx Trial (Study CO-US-104-0288)

Source: Pharmacometrics Review for NDA 21-752/S-30

It is important to note that these estimates are based on exploratory post-hoc analyses
of data obtained from small subgroups of trial subjects and not prospective trials, hence
the need for ongoing clinical trials evaluating intermittent PrEP to determine other
strategies for dosing (e.g. the HPTN 067 trial).

26

Anderson P, Liu A, Buchbinder S, et al. Intracellular tenofovir-DP concentrations associated with PrEP
efficacy in MSM from iPrEx. 19th Conference on Retroviruses and Opportunistic Infections (CROI); 2012
March 5-8; Seattle, WA. [Oral Presentation]
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Similar exposure-response analyses were conducted by the FDA review team for the
Partners PrEP trial; except that the PK analyses were based on serum concentrations
since the trial did not collect PBMCs for intracellular measurements. Serum PK
samples, however, are not considered to be reliable measures of long-term drug
adherence. Nonetheless, as in the iPrEx trial, fewer seroconversions occurred when
subjects had consistently measurable tenofovir plasma concentrations. Please see the
Clinical Pharmacology and Pharmacometrics reviews by Drs. Ayala and Liu for further
exposure-response analyses of FTC/TDF as PrEP.
Lastly, the Applicant has provided the following rationale for proposing FTC/TDF instead
of TDF alone as PrEP:
• The combination of FTC plus TDF showed greater efficacy than TDF alone in
macaque studies of prevention of transmission of SIV via oral exposure and SHIV
via rectal exposure (see Section 4.2).
• Oral FTC plus TDF provided complete protection against an FTC-resistant virus
containing the mutation M184V in similar macaque studies. This result suggests that
administration of both FTC and TDF may be important in areas of the world where
drug-resistant viruses are frequently transmitted (see Section 4.2).
• From a pharmacokinetic perspective, FTC reaches intracellular steady state
concentrations faster than tenofovir (~5 days versus 19 days of daily dosing).
Emtricitabine also achieves higher concentrations in genital tissues relative to
plasma than tenofovir (27-fold greater than plasma vs. 2.5-fold greater with TDF). In
contrast, TFV-DP has a longer half-life in the genital tract than FTC-TP (14 versus
<2 days). Thus, the combination of FTC plus TDF provides advantages over either
product alone (see Section 4.4.3).
• The combination of FTC plus TDF has shown additive to synergistic anti-HIV-1
activity over either agent alone. This observation suggests FTC plus TDF may have
an increased chemoprophylactic activity and a higher barrier to resistance than each
agent may alone. This hypothesis has been previously confirmed in animal studies.
• In the VOICE clinical trial, the DSMB discontinued both the tenofovir-alone
formulations (oral and microbicide gel) for lack of efficacy, while also allowing
continuation of dosing for FTC/TDF and its matched placebo (see Section 2.6).
[Medical Officer Comment: The VOICE trial is still ongoing and remains blinded.
Therefore, no conclusions about the trial can be made at this time and the trial itself
cannot be used to justify use of FTC/TDF over TDF alone for PrEP.]

4.4.3 Pharmacokinetics
Tenofovir and FTC demonstrated linear PK over the dose ranges studied in the original
NDA submissions for each. Steady-state plasma concentrations of both drugs were
predictable based on single dose PK data. No major metabolites in plasma have been
reported for FTC and TFV. The plasma PK of TFV and FTC are similar between HIV-1
infected and uninfected individuals.
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A single dose of FTC/TDF delivers intracellular TFV-DP and FTC-TP concentrations
that are approximately 15% and 35% of the expected steady-state intracellular
concentrations, respectively. Of note, the intracellular half-life of TFV-DP is longer than
the plasma half-life of TFV (87-150 hours versus 18.7 hours, respectively). Likewise, the
intracellular half-life of FTC-TP is longer than the plasma half-life of FTC (39-50 hours
versus 8 hours, respectively).27
The oral bioavailability of tenofovir following administration of a 300 mg dose of TDF is
approximately 25% in the fasted state. Maximum tenofovir serum concentrations are
achieved in 1.0 ± 0.4 hour. Less than 0.7% of tenofovir binds to human plasma proteins
in vitro and binding is independent of concentration over the range of 0.01-25 µg/mL.
Approximately 70–80% of the intravenous dose of tenofovir is recovered as unchanged
drug in the urine. Based on studies using human hepatic microsomes, the inhibitory
potential of TDF on drugs metabolized by CYP enzymes is low. Tenofovir is eliminated
by a combination of glomerular filtration and active tubular secretion.
The oral bioavailability of FTC is high (93%). Less than 4% of FTC binds to human
plasma proteins in vitro and binding is independent of concentration over the range of
0.02 to 200 µg/mL. FTC is rapidly absorbed following oral administration of a 200 mg
dose, with peak plasma concentrations occurring at 1-2 hours post dose. Approximately
86% of FTC is recovered in the urine and 13% is recovered as metabolites. The FTC
metabolites are inactive and include 3’-sulfoxide diastereomers and their glucuronic acid
conjugate. Based on in vitro studies, the potential for CYP450 mediated interactions
between FTC and other drugs is low. Similar to tenofovir, the primary route of FTC
elimination is renal excretion, modulated by glomerular filtration and active renal tubular
secretion. Therefore, drugs that are secreted via the same renal tubular transporter
could compete with tenofovir or FTC for elimination.
A recent PK study in healthy volunteers given a single oral dose of FTC/TDF measured
TFV and FTC concentrations in blood plasma and genital secretions (with an assay
lower level of quantification of 0.1 ng/mL); TFV-DP and FTC-TP concentrations were
also measured in homogenates prepared form rectal, vaginal, and cervical tissues.28
The study found that exposures to TFV, TFV-DP, FTC, and FTC-TP ranged widely
depending on the type of mucosal tissue examined. The area under the concentrationtime curve from 24 hours to 14 days (AUC1–14d) for FTC in genital secretions was 27fold greater than in plasma, whereas the AUC1–14d for TFV was only 2.5-fold greater in
genital secretions than in plasma. In rectal tissue, TFV and TFV-DP concentrations
were detectable for 14 days and were 100-fold higher than the concentrations in vaginal
and cervical tissues. For FTC-TP, concentrations in vaginal and cervical tissue were 1027

Anderson PL, Kiser JJ, Gardner EM, Rower JE, Meditz A, Grant RM. Pharmacological considerations
for tenofovir and emtricitabine to prevent HIV infection. J Antimicrob Chemother 2011; 66 (2): 240-50.
28
Patterson KN, Prince HA, Kraft E, et al. Penetration of tenofovir and emtricitabine in mucosal tissues:
implications for prevention of HIV-1 transmission. Sci Transl Med 3011; 3 (112):112re4
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behavioral data from the trial were used to support the evaluation of TRUVADA for the
proposed PrEP indication. Data from the CDC TDF2, FEM-PrEP, FHI PrEP or VOICE
trials were not submitted for review, but high level summaries of these trials were
included in the submission and informed the review. In the case of the FEM-PREP trial,
presentations from recent scientific meetings were reviewed by the Medical Officer and
are noted in this review. The VOICE trial is still ongoing, thus little information has been
made public regarding the discontinuation of the TDF oral and vaginal gel treatment
arms.
The Clinical Review is complemented by a Statistical Review of primary and secondary
efficacy endpoints by Dr. Thomas Hammerstrom, Mathematical Statistics Reviewer.
Review of the HIV resistance data was carried out by Dr. Damon Deming, Microbiology
Reviewer, and pharmacokinetic and pharmacometric considerations were reviewed by
Dr. Ruben Ayala, Clinical Pharmacology Reviewer, and Dr. Jiang Liu, Pharmacometrics
Reviewer. Issues related to the REMS were reviewed by Dr. Carolyn Yancey of the
Division of Risk Management. Additionally, consultation regarding labeling of TRUVADA
in pregnancy for a PrEP indication was obtained from Dr. Leila Sahin of the Pediatric
and Maternal Health Staff.
5.3 Discussion of Individual Studies/Clinical Trials
iPrEx
Study CO-US-104-0288 (iPrEx) was conducted under IND, sponsored by the
DAIDS/NIH with protocol oversight chaired between two study centers, the Gladstone
Institute of Virology and Immunology at the University of California, San Francisco
(UCSF) and the Investigaciones Medicas en Salud in Lima, Peru. Co-funding was
provided by The Bill and Melinda Gates Foundation (BMGF). Blinded study drug
(FTC/TDF and placebo) was provided by the Applicant. Additionally, the Applicant
provided certain analyses (e.g., safety assessments) and served as primary author for
the submitted CSR, but did not participate in protocol design, study administration, data
accrual, the initial primary data analysis, or the primary publication of the trial results.
The iPrEx trial was designed as a large, randomized, double-blind, placebo-controlled,
Phase 3 trial of the safety and efficacy of chemoprophylactic oral FTC/TDF in
seronegative MSM at high-risk for acquiring HIV-1 infection. The trial was conducted at
11 study sites in 6 countries: 3 sites in Peru, 1 in Ecuador, 3 in Brazil, 2 in the United
States, 1 in Thailand, and 1 in South Africa. Of note, subjects were compensated for
participation in the trial.
1. Objectives
The primary objectives were:
o To determine if daily oral FTC/TDF was associated with comparable rates of
adverse events (AEs) compared with placebo among HIV-1-uninfected MSM
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o To determine if daily oral FTC/TDF reduced HIV-1 seroincidence among HIV-1uninfected MSM.

o
o
o

o

The secondary objectives were:
To determine if hepatic viral flares occurred in subjects who are hepatitis B
surface antigen positive (HBsAg+) during and after FTC/TDF chemoprophylaxis.
To determine if significant changes in BMD, body fat distribution or fasting lipids
occurred during and after FTC/TDF chemoprophylaxis.
To determine if prior exposure to FTC/TDF chemoprophylaxis affected the
course of HIV-1 infection, as predicted by plasma RNA level, CD4 T-cell counts,
drug resistance assays, and other clinical, virological, or immunological
parameters.
To identify attitudinal and behavioral correlates of chemoprophylaxis failure or
success, including frequency and type of sexual exposure and patterns of
adherence. Risk behavior on- and off-study drug was compared. The prevalence
of sexually transmitted infections (STIs) was used as one index of sexual risk.

2. Eligibility Criteria
Inclusion:
• Male sex (at birth)
• Provided written informed consent
• Reached the legal age of consent in their region (Protocol Version 3 required
subjects be ≥ 18 years of age)
• Not infected with HIV-1
• Evidence of high risk for acquiring HIV-1 infection including any of the
following in the 6 months prior to study entry:
o Did not use a condom during anal intercourse with an HIV-positive
male partner or a male partner of unknown HIV-1 status
o Anal intercourse with > 3 male sex partners (Protocol Version 3
required > 5 male sex partners in the 6 months prior to entry; also
certain sites allowed > 5 male sex partners throughout the trial due to
the HIV incidence in the local region)
o Exchanged money, gifts, shelter, or drugs for anal sex with a male
partner
o Had sex with a male partner and was diagnosed with a sexually
transmitted infection (STI) in the 6 months prior to study entry or at
screening
o Had sex with an HIV-infected male partner with whom condoms were
not consistently
• Provided a street address of residence for themselves and one personal
contact who knew their whereabouts during the study period
• Ambulatory performance status ≥ 80 on the Karnofsky performance scale
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•

•

•

•
•

Adequate renal function (creatinine clearance ≥ 60 mL/min estimated by the
Cockcroft Creatinine Clearance Formula and serum creatinine level within
normal limits) within 28 days of enrollment
o Protocol Version 3 required serum creatinine level of ≤ 1.2 mg/dL.
o A general memo retrospectively provided clarification that serum
creatinine levels needed to be less than or equal to the upper limit of
normal to meet eligibility because low serum creatinine levels are not
associated with disease; therefore, persons with serum creatinine
below the laboratory-defined lower limit of normal were eligible.
Urine dipstick with a negative or trace result for both glucose and protein
within 28 days of enrollment. (This requirement was not present in Protocol
Version 3; however, the presence of glycosuria or proteinuria at screening
and enrollment was exclusionary in Protocol Version 3 as described below.)
Adequate hepatic function (per Protocol Version 4, defined as total bilirubin
and hepatic transaminases [alanine aminotransferase {ALT} and aspartate
aminotransferase {AST}] ≤ 2 x upper limit of normal [ULN] within 28 days of
enrollment; Protocol Version 3 required total bilirubin ≤1.5 mg/dL and ALT and
AST ≤ 2 x ULN.)
Adequate hematologic function (absolute neutrophil count ≥ 1,500/mm3;
platelets within normal limits [platelets > 150,000/mm3 in Protocol Version 3],
and hemoglobin ≥10 g/dL within 28 days of enrollment)
Ability to understand and speak the local language for which an informed
consent form was approved by a local IRB.

Exclusion:
• Previously diagnosed active and serious infections, including the following:
active tuberculosis infection or osteomyelitis, and all infections requiring
parenteral antibiotic therapy
• Active clinically significant medical problems, including cardiac disease (e.g.,
symptoms of ischemia, congestive heart failure, or arrhythmia), pulmonary
disease (steroid-dependent chronic obstructive pulmonary disease), or
diabetes requiring hypoglycemic medication
• Previously diagnosed malignancy expected to require further treatment
• Acute hepatitis B infection determined by the following serological results:
Hepatitis B core antibody (anti-HBc) positive, hepatitis B surface antibody
(anti-HBs) negative, and hepatitis B core antibody IgM (anti-HBc IgM) positive
at the screening visit
• Presence of treatment indications for hepatitis B based on local practice
standards (added per Protocol Version 4)
• Clinical signs of hepatic cirrhosis (added per Protocol Version 4)
• History of pathological bone fractures not related to trauma
• Receiving ongoing therapy with any of the following: antiretrovirals (including
nucleoside analogs, nonnucleoside reverse transcriptase inhibitors, protease

48
Reference ID: 3158507

Clinical Review
Peter S. Miele, M.D.
NDA 21-752/S-30
TRUVADA® (emtricitabine/tenofovir disoproxil fumarate)
inhibitors or investigational antiretroviral agents), interferon (alpha, beta, or
gamma) or interleukin (e.g., IL-2) therapy, aminoglycoside antibiotics,
amphotericin B, cidofovir, systemic chemotherapeutic agents, other agents
with significant nephrotoxic potential, other agents that may inhibit or compete
for elimination via active renal tubular secretion (e.g., probenecid), or other
investigational agents (note that Protocol Version 3 also excluded ongoing
diuretic therapy)
• Definitely or possibly received antiretroviral drugs or an anti-HIV vaccine while
participating in a blinded clinical trial (added per Protocol Version 4)
• Concomitant participation in a clinical trial or cohort study other than
substudies of this protocol (added per Protocol Version 4)
• Active alcohol or drug use considered sufficient by the site physician to hinder
compliance with any study procedures
• At enrollment, had any other condition that, in the opinion of the investigator,
would preclude provision of informed consent, make participation in the study
unsafe, complicate interpretation of study outcome data, or otherwise
interfere with achieving the trial objectives
• Note that Protocol Version 3 also excluded subjects with glycosuria or
proteinuria at both the screening and enrollment visits by urine dipstick tests.
In addition, sites could utilize additional criteria to restrict enrollment to a subset of
people who met the protocol-defined enrollment criteria.
3. Trial Design
Enrollment started in 2007 with Version 3 of the protocol, which called for 1,400
persons to be enrolled and followed for 72 weeks. Prior to enrolling the first
participant, however, a decision was made to expand the trial to allow observation of
at least 85 seroconversion events and thus allow for greater power and
generalizability. In November 2009, the DAIDS Data Safety Monitoring Board
(DSMB) concluded that fewer than 3000 enrollees and visits through May 1, 2010
should suffice to generate the required number of events. The sample size was
chosen to ensure adequate power to rule out efficacy lower than 30% if the true
efficacy was at least 60%. Enrollment was closed on December 17, 2009 after 2,499
persons were enrolled. Eligible participants were randomized 1:1 to receive FTC 200
mg/TDF 300 mg (TRUVADA) or placebo and followed every 4 weeks.
An additional amendment (Protocol Version 5) provided for the termination of
placebo administration and provision of open-label daily oral FTC/TDF for HIV-1
prevention. The open label extension (OLE) amendment was intended only if
FTC/TDF was found to be superior to placebo. Any statistically significant finding of
efficacy in the protocol-defined efficacy analyses was considered sufficient to start
the extension procedures provided there was also evidence of acceptable safety as
judged by the study sponsor. Because the analyses of safety and efficacy from the
primary analysis were considered positive, Protocol Version 5 was implemented in
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March 2011 (referred to as iPrEx OLE), with variable study site initiation staggering
dependent upon site and regulatory timelines.
4. Trial Duration and Procedures
Given the event-driven design, the duration of study drug exposure and on-study
follow-up for each subject was not prespecified. Study visits were scheduled every 4
weeks. Each 4-week visit included drug dispensation, pill count, adherence
counseling, rapid testing for HIV-1 antibodies, and medical history. Laboratory
assessments (serum chemistry and hematology) were performed at Weeks 4, 8, 12,
16, 24, and every 12 weeks thereafter. During the screening period, a computerassisted structured interview (CASI) collected information on education level, selfidentified sex, and alcohol use. The CASI was also used to assess subjects’
perceived study-group assignment at Week 12. High-risk behavior was assessed by
interview every 12 weeks.
At every scheduled visit, subjects received a comprehensive package of infection
prevention services, including HIV-1 testing, risk-reduction counseling (as per
national guidelines), condoms, and diagnosis and treatment of symptomatic STIs,
including gonorrhea and chlamydia urethritis, syphilis, and HSV-2 as appropriate. In
addition, at 24-week intervals, subjects were screened for asymptomatic urethritis,
syphilis, antibodies to HSV-2, and genital warts and ulcers; treatment was provided
when indicated. Sexual partners were offered treatment of STIs. Subjects were
linked to local prevention and treatment services, when required, to receive
standard-of-care services. All subjects were instructed to protect themselves from
HIV-1 with established methods. Subjects who reported a recent unprotected
exposure to an HIV-infected partner were referred for postexposure prophylaxis
(PEP) at sites where such therapy was recommended by local guidelines, and the
administration of a study drug was temporarily suspended. Vaccination against HBV
was offered to all susceptible subjects.
Adherence to treatment was monitored by subject self-report during an interview, by
clinic-based pill counts at visits when pills were either dispensed or suspended, and
by comparing the number of pills dispensed at each visit with the time interval
between visits (dispensation adherence). Adherence counseling was provided to all
subjects to help ensure compliance. Counseling also included reminders to contact
study staff with questions about product use, as well as counseling to not share
study drugs. For subjects who had problems with compliance, efforts were made to
identify strategies to increase their adherence. An interactive, client-centered,
motivational interviewing based approach for study pill use was implemented for all
subjects starting between November 2009 and February 2010. Called “Next Step”
counseling, the approach separated adherence assessment from counseling, to
address social desirability bias in adherence reporting and to focus explicitly on
barriers and facilitators of pill use, regardless of subjects’ reported level of use.
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All clinical and laboratory toxicities (apart from creatinine and phosphorus) were
managed according to uniform guidelines and graded according to the DAIDS Table
for Grading the Severity of Adult and Pediatric AEs (December 2004). Separate
guidelines for toxicity related to creatinine and phosphorus were used:
• Participants with confirmed serum creatinine increases >1.5-fold above
baseline after repeat testing were to discontinue study drug and have serum
creatinine monitored monthly or more frequently at the discretion of the site
investigator until serum creatinine decreased to ≤1.3-fold above baseline at
which time study drug could be restarted.
• Participants with confirmed Grade 3 or 4 serum creatinine toxicity or with
calculated creatinine clearance <50 mL/min had study medication
permanently discontinued and were followed at weekly intervals until the
toxicity resolved or stabilized.
• For participants with Grade 2 phosphorus toxicity, phosphorus levels were
repeated at the next scheduled visit or within 4 weeks. Study drug was
permitted to continue if other signs of renal tubular dysfunction were absent;
i.e., no serum bicarbonate (or CO2) ≤17 mEq/L, no new glycosuria ≥ +1, or no
new proteinuria ≥ +2.
• For Grade 3 or 4 hypophosphatemia, phosphate was repeated within 1 week.
For asymptomatic Grade 3 decreases in phosphorus, subjects could remain
on study drug with the following caveats: there should be no other signs of
renal tubular acidosis; subjects were treated with oral phosphate
supplements; and phosphorus levels would be re-tested weekly until they
returned to the normal range, Grade 2 or better. For subjects who interrupted
treatment for low phosphorus, study drug could be resumed at the discretion
of the site investigator once levels were within the normal range. If Grade 3 or
4 hypophosphatemia recurred after resuming treatment, study drug was
discontinued permanently.
Subjects found to have a reactive HIV antibody test were instructed to stop study
drug and have blood drawn for confirmation HIV serology, HIV RNA viral load, CD4
T cell counts, and genotypic and phenotypic drug resistance testing as well as
additional HBV serology (if clarification of their HBV infection status was needed).
Additional plasma was cryopreserved and stored at the visit with the first reactive
test. Participants were asked to return in two weeks to receive the results of
confirmatory HIV serology.
When a subject tested positive for HIV-1 infection, the final confirmation of HIV-1
seroconversion was based on 1) an algorithm and 2) the assessment of an
Endpoints Committee. Based on the algorithm, all reported seroconversion events
required:
• an initial positive test on at least one of the two different types of HIV-1 rapid
tests, and
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•

either confirmation by enzyme immunoassays (EIA) or by another test
approved by the Medical Director.

The Endpoints Committee reviewed each seroconversion case, and made a
recommendation whether a seroconversion was:
• Not confirmed – the subject was not infected
• Confirmed – the subject was infected at enrollment, as detected by HIV
polymerase chain reaction (PCR).
• Confirmed – primary efficacy event, or
• Not yet confirmed – further testing needed
If a subject seroconverted within the first three months of trial enrollment,
investigators conducted RNA PCR testing using samples collected at enrollment to
determine if the HIV infection was present prior to receiving study drug. RNA PCR
analysis was also conducted in subjects who missed HIV testing at the 3-month
clinic visit and were seropositive at their next visit. For all subjects who
seroconverted, investigators attempted to identify the date of seroconversion by
sequentially analyzing blood samples collected during previous clinic visits
preceding the visit when seroconversion was detected.
If the subject was determined to be HIV negative, they would return to their original
study visit schedule. If they were determined to be HIV positive, they received
counseling and were referred to study sites and clinics where free or low-cost HIV
treatment programs were available. At study visits 4, 8, and 12 weeks after the first
reactive HIV test, and every 12 weeks thereafter until the end of their study
participation, participants were asked to provide 53 mL of blood for plasma viral RNA
testing, CD4 T cell counts and specimen storage.
5. Prespecified Subgroup PK Analysis
A prespecified subgroup analysis was performed to investigate whether drug
concentrations correlated with protective effect. All trial participants underwent PK
sampling at baseline, every 12 weeks (every 24 weeks for peripheral-blood
mononuclear cells [PBMC]), at end of trial visit, and at every follow-up visit. When an
HIV-1 infection occurred, PK samples were collected from infected subjects during
the clinic visit when the seroconversion was detected. Subjects who seroconverted
during treatment were matched with two seronegative case-control subjects, one
from each study group, who were matched for study site and time on treatment.
Seroconverters were also matched to a third control subject who reported
unprotected receptive anal intercourse (URAI) in the period that covered the plasma
sample date for the seroconverter. Plasma was tested for FTC and tenofovir (TFV)
concentrations, and PBMCs were tested for FTC triphosphate (FTC-TP) and TFV
diphosphate (TFV-DP), the active intracellular metabolites of FTC and TFV,
respectively. Because of the intracellular PK properties of TFV-DP, PBMC drug
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concentrations are considered better long term measures of drug adherence (see
the Clinical Pharmacology review by Dr. Ayala).
6. DEXA Substudy
All participants who enrolled at a study site with DEXA capacity were invited to
participate in a substudy involving DEXA scanning at baseline, all 24 week visits, the
visit when study drug is stopped (unless a participant had a DEXA scan during the
previous 8 weeks) and 24 weeks after stopping study drug until the predetermined
substudy sample size (N=500) was reached. Measurements of BMD at the lumbar
spine and proximal femur (femoral neck, trochanter, and total hip) were obtained, as
well as assessments of fat distribution. Any participant in the substudy who
seroconverted during the trial had a DEXA scan as soon as possible after the
positive HIV confirmatory test and then every 24 weeks until the end of trial. For the
analyses of BMD, all scans up to and including February 28, 2011 were included;
scans performed on or after the date of HIV infection were excluded.
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The following table shows the schedule of events in the iPrEx trial:
Table 4: Study Flow Chart (CO-US-104-0288)

Source: iPrEx Study Protocol Version 4.0
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7. Endpoints
The primary efficacy endpoint of the blinded treatment phase was the incidence of
documented HIV-1 seroconversion defined by the predefined follow-up HIV-1 testing
algorithm.
The primary safety endpoints of the blinded treatment phase of this study were the
incidences of AEs, specifically defined as the following:
• Grade 1 or higher creatinine toxicity confirmed by repeat testing.
• Grade 3 or higher phosphorus toxicity confirmed by repeat testing.
• Grade 2, 3, or 4 laboratory abnormalities other than creatinine or phosphorus.
• Grade 2, 3, or 4 AEs.
Other endpoints included hepatic transaminase elevations among subjects with
detectable HBsAg; changes in BMD, fat distribution, and fasting lipids from baseline
among subjects enrolled in the DEXA substudy; HIV-1 drug resistance, plasma HIV1 RNA level, and CD4 T-cell counts among HIV seroconverters; reported risk
behavior; STI prevalence; pill counts and reported adherence. Antiviral immune
responses and concentrations of FTC and TFV and their active intracellular
metabolites were measured in subjects with seroconversion plus two matched
uninfected case controls.

Partners PrEP
Study CO-US-104-0380 (Partners PrEP) was conducted under IND, sponsored by the
University of Washington. As with the iPrEx trial, funding for the trial was obtained from
the BMGF and pharmaceutical support from the Applicant. The Applicant also served as
primary author for the CSR, but did not participate in protocol design, study
administration, data accrual, the initial primary data analysis, or any publication related
to the trial.
The Partners PrEP trial was a large, Phase 3, multicenter, randomized, double-blind,
placebo-controlled, 3 group trial designed to evaluate the safety and efficacy of PrEP
with either TDF or FTC/TDF administered orally once daily for the prevention of HIV-1
acquisition among HIV-1 uninfected individuals within a stable, HIV-1 serodiscordant
partnership. The trial was conducted in 4 sites in Kenya and 5 sites in Uganda. The
protocol provided for participants to be compensated for their time and effort in the trial,
and/or be reimbursed for costs associated with travel to study visits, time away from
work, and childcare. Throughout the study protocol and this review, HIV-1 uninfected
members of the couple are referred to as “partner subjects” and HIV-1 infected
members of the couple are referred to as “index subjects.”
1. Objectives
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The primary objectives were:
o To determine if once-daily, oral PrEP with TDF or FTC/TDF provides additional
protective benefit in preventing HIV-1 acquisition among HIV-1 uninfected
persons within heterosexual HIV-1 discordant couples who are also receiving
standard prevention interventions.
o To assess the safety of daily PrEP by comparing AEs rates among HIV-1
uninfected individuals randomized to TDF or FTC/TDF PrEP to those randomized
to placebo.
The secondary objectives were:
o To evaluate the efficacy of PrEP by level of HIV-1 exposure, defined by the
frequency of sexual activity and viral load in the HIV-1 infected partner
o To assess efficacy of PrEP by gender of the HIV-1 uninfected partner
o To measure the effect on efficacy of other factors, including CD4 count of the
HIV-1 infected partner and, for both partners, HSV-2 serostatus, STIs, and male
circumcision
o To assess adherence to once daily TDF and FTC/TDF PrEP among HIV-1
uninfected persons within HIV-1 discordant couples, and the effect of adherence
on efficacy of PrEP to prevent HIV-1 acquisition
o To evaluate the frequency of PrEP drug sharing between uninfected and infected
partners within HIV-1 discordant couples, as measured by drug assays in both
partners
o To compare risk behaviors among HIV-1 discordant couples previously enrolled
in the Partners in Prevention trial (which evaluated the efficacy of HSV-2
suppressive therapy when given to the HIV-1 infected partner for preventing HIV1 transmission), by examining changes in sexual behaviors when the HIV-1
infected versus HIV-1 uninfected partner is receiving study drug
o To assess the effect of TDF and FTC/TDF chemoprophylaxis on the rate of
congenital abnormalities and growth among infants born to HIV-1 uninfected
female subjects who became pregnant during the trial (and in whom study drug is
stopped at the time pregnancy is detected, using monthly pregnancy testing)
o Among HIV-1 seroconverters, to assess the effect of PrEP on: plasma HIV-1 viral
load and CD4 cell counts during the first 12 months after HIV-1 seroconversion;
frequency of genotypic and phenotypic antiretroviral drug resistance; other
clinical, immunologic, and virologic parameters of HIV-1 disease
Tertiary objectives included:
o To utilize stored samples for evaluation of immunogenetic and virologic
determinants of HIV-1 transmission between transmitting and nontransmitting
HIV-1 discordant couples, including viral phenotype and genotype, HIV-1 coreceptor usage, innate immune function polymorphisms, human leukocyte
antigen (HLA) match and other host genetic factors
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2. Eligibility Criteria

Source: NDA 21-75/S-30 Efficacy Amendment (March 22, 2012)

3. Trial Design
Eligible HIV-uninfected partner subjects were randomized in a 1:1:1 ratio to receive
either TDF 300 mg, FTC 200 mg/TDF 300 mg, or placebo. Because TDF and
FTC/TDF tablets are dissimilar in appearance, all partner subjects took two tablets
daily. As in the iPrEx trial, subjects were followed monthly for HIV testing, adherence
monitoring, risk reduction counseling, and treatment of any STIs. In addition, female
participants were tested monthly for pregnancy. Referral for male circumcision, PEP
according to national policies, and HBV vaccination were also offered.
The trial was designed with an event-driven duration, with the sample size of 4700
(1566 per treatment group) HIV-1 serodiscordant couples defined to achieve the
target number of study endpoints, with 24 to 36 months of follow-up per participant,
and an anticipated HIV-1 incidence of 2.75 per 100 person-years (PY) in the placebo
group. The trial was overseen by an independent DSMB that reviewed all reported
safety and efficacy data at meetings that occurred approximately every 6 months.
Interim monitoring stopping boundaries for proven efficacy were pre-established
based on ruling out efficacy lower than 30%.
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4. Trial Duration and Procedures
Enrollment began in June 2008. Study visits were scheduled every 4 weeks for
partner subjects. Each 4-week visit included study drug dispensation, pill count,
adherence counseling, HIV-1 rapid testing, and risk-reduction counseling in addition
to laboratory testing and medical evaluations. Diagnosis and treatment of
symptomatic STIs was done as clinically indicated, with specific STI symptomatology
collected quarterly. Subjects were linked to local prevention and treatment services,
when required, to receive standard-of-care services. All subjects were instructed to
protect themselves from HIV-1 with established methods. Vaccination against HBV
was offered to all susceptible subjects. Women were tested for pregnancy monthly.
Women who became pregnant stopped using study drug during pregnancy and
while breastfeeding.
HIV-1 infected index partners were followed quarterly for issues relevant to the
secondary and tertiary study endpoints, such as HIV-1 risk assessments and
counseling, medical history, HIV-1 staging, use of ART and prophylactic treatments
for opportunistic infection, and STI evaluations. Blood collection and CD4 cell counts
were performed on the HIV-1 infected partner every 6 months. In addition, for
couples where the uninfected partner subject seroconverted, drug levels were
measured in the HIV-1 infected partners at the visit closest to the seroconversion
event to determine whether evidence of drug sharing was associated with early viral
resistance in the seroconverting partner subject.
Adherence in partner subjects was measured throughout by survey and pill count.
Adherence counseling was provided to all subjects at each visit. Specifically,
counseling included reminders to contact study staff with questions about product
use, as well as counseling to not share the study agent (including with the index
partner). For subjects who had adherence problems, efforts were made to identify
strategies to increase their rates of product use during the trial.
All clinical and laboratory toxicities (apart from creatinine and phosphorus) were
managed according to uniform guidelines and graded according to the DAIDS AE
Grading Table (December 2004). The only exceptions were that Grade 1 creatinine
toxicity was defined as being at least 1.5 times the subject’s baseline serum
creatinine level, even if serum creatinine was in the normal or Grade 0 range, and
Grade 2 creatinine toxicity was defined as a creatinine clearance less than 50
mL/min, even if the creatinine value was in the normal or Grade 1 range. Guidelines
for toxicity related to renal dysfunction (including creatinine and phosphorus) were
similar to those used in the iPrEx trial detailed above. Safety monitoring also focused
on infants born to HIV-1 uninfected female participants. The following AEs in the
partner subjects were protocol-defined as Expedited AEs (EAEs) and had additional
reporting requirements: death, all Grade 3-4 events, SAES, fetal loss, congenital
abnormalities/birth defects, Grade 2 creatinine elevations, and bone fractures.
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Partner subjects who seroconverted during the trial were instructed to stop the study
drug. HIV-1 seroconversions were confirmed by centralized laboratory testing and
evaluation by a study endpoints committee that was blinded to the study
randomizations. Seroconverters had clinical laboratory specimens collected for
serum chemistries and complete blood counts (obtained at the seroconversion visit),
as well as blood and genital samples for assessment of HIV-1 viral levels and CD4
counts. The samples were archived for drug resistance testing (including potentially
genotypic and phenotypic) at the central laboratory. Resistance testing using
samples from the first two post-seroconversion visits was conducted in a batched
fashion, using genotypic testing. HIV-1 seroconverters were provided with or
referred for HIV-1 clinical care in accordance with national guidelines.
As noted previously, all subjects were planned to be followed for a minimum of 24
months up to a maximum of 36 months. The follow-up schedule was designed to
yield a sufficient accumulation of person-years to accrue a prespecified number of
HIV-1 seroconversion endpoints to adequately evaluate the primary study outcome.
Importantly, follow-up of up to 36 months for some study subjects was planned to
provide long-term adherence and safety data. On 10 July 2011, following the third
planned interim review of the data and with 99 site-reported seroconversions
evaluated, the DSMB declared that the stopping rule for the study had been met and
recommended that the results be publically reported and that placebo dosing be
discontinued due to demonstration of PrEP efficacy for HIV-1 prevention. After July
10, 2011, all subjects in the placebo group were informed of their randomization and
placebo medication was discontinued. Subjects in the active study drug groups were
informed that they were receiving PrEP, but were not informed as to which active
study drug they were receiving. This application therefore includes updated data
collected through the July 10, 2011 cut-off date.
5. Endpoints
The primary efficacy endpoint was the incidence of confirmed HIV-1 seroconversion
among partner subjects.
A secondary analysis was conducted to evaluate adherence to study drug, although
no formal PK endpoints were evaluated. Within the active study drug groups, a
comparison was conducted of tenofovir plasma levels for partner subjects who
acquired HIV-1 during the trial relative to a cohort of 100 randomly selected partner
subjects who did not acquire HIV-1. Blood samples for evaluation of tenofovir
plasma concentrations were obtained from both cases and cohorts at months 1, 3, 6,
12, 18, 24, 30, and 36. Additionally, plasma samples were collected from
seroconverters during the visit at which HIV-1 seroconversion was detected.
Safety was evaluated by a review of serious adverse events (SAEs), protocoldefined EAEs, including all Grade 3 and 4 events, and all other Grade 1+ laboratory
and Grade 2+ clinical AEs occurring in the partner subjects.
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CDC 4323
The CDC 4323 trial entitled, “Phase II Extended Safety Study of Tenofovir Disoproxil
Fumarate (TDF) among HIV-1 Negative Men” was sponsored by the Epidemiology
Branch, Division of HIV Prevention, National Center for HIV, TB, and STD Prevention,
Centers for Disease Control and Prevention (CDC). The Applicant provided study drug
products. The trial was complete in July 2009. As part of this marketing application, the
Applicant has provided raw datasets, a draft manuscript from the CDC, and a protocol
for the trial (Version 1.6 dated February 16, 2007). In addition, a publication regarding
the DEXA substudy of CDC 4323 is referenced.29
1. Objective
The objective of the trial was to evaluate the clinical safety of daily TDF as PrEP
among HIV-negative MSM.
2. Trial Design
The trial was randomized, double-blind, placebo controlled in design. Participants
were randomized 1:1:1:1 to TDF or placebo, either immediately or after a 9-month
delay, and were followed for two years. The delayed arms were designed to help
assess potential changes in risk behavior associated with taking study drug. It was
determined that overall sample size of 400 would be sufficient to have 72% to 90%
chance of observing at least five severe AEs in each treatment group, given 3% to
4% baseline risk of severe AE, two-year follow-up, and nine-month lead in period for
half of the sample. Participants were recruited from three U.S. cities: San Francisco,
Atlanta, and Boston.
3. Eligibility
Eligible participants were healthy biologic males, 18-60 years of age, who reported
any anal sex with another male in the preceding 12 months, were HIV-1 negative by
whole blood rapid enzyme immunoassay (EIA), had a calculated Cockcroft-Gault
creatinine clearance ≥70 mL/min, were hepatitis B surface antigen negative, and had
normal hematologic, biochemistry, and urinalysis profiles. Exclusion criteria included
active untreated syphilis; uncontrolled hypertension; mutual monogamy for over one
year with an HIV-negative partner; history of chronic renal disease; osteoporosis,
osteomalacia, or osteopenia; bone mineral density Z score < -2.5 at the total spine,
total hip or femoral neck on screening (DEXA scans done at San Francisco site
only); current treatment for secondary causes of low bone mineral density;
participation in other longitudinal HIV studies; current antiretroviral use; current or
planned therapy with nephrotoxic agents, probenecid, metformin, or experimental or
29

Liu A, Vittinghoff E, Sellmeyer DR, et al. Bone mineral density in HIV-negative men participating in a
tenofovir pre-exposure prophylaxis randomized clinical trial in San Francisco. PLoS One 2011; 6 (8):
e23688.
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investigational agents; previous or expected requirements for the administration of
immunosuppressive/immunomodulatory therapy; gastrointestinal malabsorption
syndrome or chronic nausea/vomiting; or medical or social conditions that would
interfere with or contraindicate study participation.
4. Trial Duration and Procedures
Enrollment began in 2005. Study visits occurred at 1, 3, 6, 9, 12, 15, 18, 21, and 24
months post enrollment. Delayed arm recipients had an additional visit at ten months
(after the first month on study drug). Visits included HIV rapid testing, AE
assessment, symptom-directed physical examination, blood and urine collection for
laboratory testing, STI testing, behavioral assessment via audio computer assisted
self interview (ACASI), and risk reduction and adherence counseling. Participants
were followed for 24 months, even if study drug was discontinued.
Clinical AEs and laboratory abnormalities (except serum creatinine) were graded
using the DAIDS toxicity grading tables (January, 2004). Serum creatinine elevations
were graded according to the Gilead Sciences Modified NIAID Common Toxicity
Grading Scale, with the additional modification that Grade 1 was defined as ≥0.5
mg/dL over baseline. All graded elevations were repeated for confirmation. For
confirmed Grade 1 or 2 creatinine elevations (2.1-3.0 mg/dL), study drug was
withheld and restarted with return of the serum creatinine to within 0.3 mg/dL above
baseline. Confirmed recurrence of Grade 1 or 2 elevations led to permanent
discontinuation of study product. For confirmed Grade 3 (3.1-6.0 mg/dL) or Grade 4
(>6.0 mg/dL) elevations, study drug was permanently discontinued.
Adherence to study drug was measured by three methods: pill counts conducted at
each visit, Medication Event Monitoring System (MEMS) caps, and self-report via
ACASI (in which participants were asked to estimate the percentage of days they
took study drug over the preceding month on a visual analog scale).
Participants with positive rapid tests were immediately discontinued from study drug;
those with positive confirmatory tests remained off drug. Viral load, CD4 count, and
HIV-1 genotype studies were obtained. Seroconverting participants were referred for
appropriate clinical care and were followed every three months for an additional year
for safety assessments.
5. DEXA Substudy
At the San Francisco site, 200 MSM enrolled. DEXA was performed at enrollment,
12 months, and 24 months in the immediate arm to evaluate BMD changes over
time. After detection of a number of individuals with low BMD at baseline, a protocol
amendment was approved within 9 months of study initiation to conduct baseline
DEXA measurements in all eligible individuals during screening, and to exclude
individuals with a Z score <−2.5 at the lumbar spine (L2–L4), total hip, or femoral
neck and individuals currently receiving treatment for secondary causes of low BMD.
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DEXA evaluation was not performed in participants found to be ineligible prior to
DEXA procedures during the screening process. DEXA scanning was also added for
delayed arm participants at 9 and 24 months of follow-up. Study drug was
discontinued in participants with a >5% drop in BMD from baseline. For the
longitudinal analysis of TDF effect on BMD, 184 MSM were included who completed
a baseline and at least one DEXA scan during study follow-up.
6. Endpoints
Primary outcomes were clinical safety, assessed by incidence of AEs and laboratory
abnormalities, and behavioral changes among participants dispensed drug.
Secondary outcomes included adherence and description of number and resistance
characteristics of incident HIV-1 infections.

6 Review of Efficacy
Efficacy Summary
In this supplemental NDA, clinical data from two large, randomized, double-blinded,
placebo-controlled trials in diverse populations provide strong evidence of the efficacy of
FTC/TDF in reducing the risk of HIV infection in high-risk uninfected individuals. In many
ways, the trial designs for the iPrEx and Partners PrEP trials were similar, except that
the iPrEx trial evaluated oral FTC/TDF as PrEP in high-risk MSM and the Partners PrEP
trial evaluated oral FTC/TDF, as well as oral TDF, as PrEP in heterosexual men and
women in stable HIV serodiscordant relationships. Both trials used the standard dosing
regimen for FTC/TDF; i.e., one fixed-dose combination tablet of FTC 200 mg/TDF 300
mg taken orally once daily. Both trials included monthly HIV testing, risk reduction
counseling, provision of condoms, and testing for any symptomatic STIs as part of their
treatment procedures, and both trials used the cumulative incidence of documented HIV
seroconversion as the primary efficacy endpoint, which is appropriate for the indication
under consideration. In both trials, the endpoint was confirmed by a testing algorithm
and endpoints committee.
In the iPrEx trial, 2,499 high-risk MSM were randomized to FTC/TDF or placebo. Ten
subjects were found to have been HIV-infected at enrollment through retrospective RNA
testing of baseline blood samples (FTC/TDF 2, placebo 8). Of note, most of these ten
subjects had signs and symptoms of acute HIV infection at the time of enrollment that
the investigators attributed to upper respiratory tract infections or other non-HIV causes.
As of the November 21, 2010 data cut-off date, 75% of subjects had completed the trial
and 25% had terminated early. Early terminations were mostly due to lost to follow-up,
relocation, or subject refusal to continue; a small group of subjects (N=7) also reported
AEs in association with their early withdrawal from the trial. Given the event-driven
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nature of the trial, follow-up was variable, but the median duration of exposure was 77
weeks with no differences between groups. Subject demographics and baseline risk
characteristics were also comparable between the two treatment groups. In general, this
was a young cohort with a mean age of 27 years, and roughly half of the participants
were under 25 years of age. The majority was from Latin America (Peru or Ecuador)
and most subjects had completed a secondary education. Participants from the United
States made up only 9% of the population and tended to be older (mean age: 38 years
old). Consistent with the inclusion criteria, the MSM followed in this trial were at high risk
for HIV acquisition, with 59% reporting URAI in the three months pre-enrollment and
80% reporting URAI with a partner of HIV positive or unknown status in the six months
pre-enrollment. The mean number of sex partners in the three months pre-enrollment
was 18. A substantial proportion also reported transactional sex (41%). Baseline
prevalence for any STI (including syphilis, gonorrhea, chlamydia, genital ulcer disease,
or HSV-2) was 16%.
In the modified intent-to-treat analysis for the total double-blind treatment phase, with a
data cut-off of November 21, 2010, 48 confirmed HIV seroconversion events were
observed in the FTC/TDF group post-baseline compared with 83 in the placebo group.
The risk reduction for FTC/TDF relative to placebo was 42% (95% CI 18-60%, p=0.001).
The superiority of FTC/TDF over placebo persisted during the 8 weeks following
discontinuation of study drug, with a relative risk reduction of 40% (95% CI 19-60%);
however, as with the primary analysis, the null hypothesis of efficacy 30% or less could
not be rejected. The efficacy of FTC/TDF was consistent across subgroups with no
significant differences. Subjects who reported URAI at baseline demonstrated a 53%
risk reduction, whereas a protective effect could not be demonstrated in subjects who
did not report URAI given the low HIV incidence in this subgroup. Greater numerical risk
reduction was also observed among subjects 25 years and older and among those who
had higher education (completed secondary education or beyond). These subgroups
were also among those most likely to be adherent to drug dosing as demonstrated by
measurable intracellular drug concentrations in a PK subgroup analysis. Indeed, overall
efficacy in the iPrEx trial was strongly correlated with drug adherence as demonstrated
in the PK substudy; however, drug adherence in the trial was generally poor, with less
than 10% of subjects having PK values consistent with daily drug dosing. In the PK
substudy, measurable intracellular TFV-DP concentrations were observed in only 8% of
the HIV seroconverters compared with 38% of the HIV-uninfected matched controls.
The risk reduction among subjects with measurable drug concentrations was 90% (95%
CI 71-98%) relative to subjects with undetectable drug concentrations. Relative to
placebo, the absolute risk reduction for subjects having measurable drug concentrations
was estimated at 87.5% (95% CI 66-95%). Post-exposure prophylaxis (PEP) was
utilized by only 1% of subjects and use of PEP did not change the overall efficacy
results when sensitivity analyses were performed.
Pharmacokinetic data from the iPrEx trial strongly suggested that HIV seroconversion
occurred during periods of low drug exposure, and by extension, periods of low drug
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adherence. Consistent with this observation, and the fact that resistance substitutions
are generally not observed in the absence of selective drug pressure, no substitutions
associated with NRTI drug resistance were identified among subjects randomized to
FTC/TDF who seroconverted during follow-up. In contrast, drug resistance was
observed in 2/2 FTC/TDF subjects who were enrolled in the trial with undiagnosed early
HIV infection. In at least one of these cases, the resistance appeared to emerge during
treatment. Potentially because of poor adherence and low or no drug exposure, the use
of oral FTC/TDF as PrEP did not affect HIV viral load or CD4 counts in seroconverters,
a secondary endpoint, when compared with placebo.
In the Partners PrEP trial, 4,747 partner subjects were randomized to TDF, FTC/TDF or
placebo. Fourteen partner subjects were later found to have been HIV-infected at
enrollment (TDF 5, FTC/TDF 3, placebo 6). As of July 10, 2011, when the placebo
group was terminated, 98% of participants were still in follow-up; less than 1%
terminated early and most of those were due to death or subject refusal. Median
duration of follow-up was 23 months, with no notable difference between groups. The
study population in this trial was predominately male (62%) with a mean age of 34
years; 56% of the population was from Uganda. Nearly all couples were married and
had been in their relationship for a mean of 9 years. The couples were aware of their
HIV serodiscordance for a mean of 1.2 years. Mean viral load in index subjects was 3.9
log10 copies/mL. At baseline, couples reported a mean of 6 sex acts in the preceding
month with their primary partner, with 26-28% reporting unprotected sex during the
same time period. Sex outside the partnership was infrequent overall, but was reported
by 13% of male partner subjects. Nearly half of the male partner subjects were
circumcised. Hormonal contraception use was reported by 47% of female partner
subjects. STIs were diagnosed in 5-11% of subjects at baseline, with a slight
predominance among women, likely owing to the frequency of Trichomonas vaginalis
diagnoses.
In the primary mITT analysis of Partners PrEP, confirmed HIV seroconversion events
were reported in 82 subjects post-baseline: TDF 17, FTC/TDF 13, placebo 52. The risk
reduction relative to placebo was 67% (95% CI 44-81%) for TDF and 75% (95% CI 5486%) for FTC/TDF, both with a P value <0.0001. There was no statistically significant
difference in risk reduction between TDF and FTC/TDF. The protective effect of TDF or
FTC/TDF was seen across multiple subgroups without significant difference within
subgroups. Both TDF and FTC/TDF significantly reduced the risk of HIV infection in
both men and women as compared with placebo and there was no significant difference
between the two drugs. The relative risk reduction for TDF was 63% in men and 71% in
women; for FTC/TDF, it was 84% in men and 66% in women. Of the 45 women who
seroconverted, five did so during treatment interruption for pregnancy or breastfeeding
(TDF 2, placebo 3). In the placebo group, the incidence of seroconversion was 2.4% per
person-years among women who did not use hormonal contraception versus 3.2%
among women who did; however, any conclusions regarding this finding are limited by
the relatively small number of seroconversions when female subgroups are reviewed.
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Initiation of ART in the index partner, which occurred in 28% of index subjects during
the trial evenly distributed across treatment groups, did not change the overall efficacy
results when sensitivity analyses were performed.
As in the iPrEx trial, adherence to drug dosing was strongly correlated with efficacy in
the Partners PrEP trial. Unlike in the iPrEx trial, where PBMCs were collected for
intracellular drug measurements, the Partners PrEP trial only collected plasma samples
for drug measurements, which are not as reliable as intracellular drug concentrations for
determining long-term drug adherence. Nonetheless, the Partners PrEP trial collected
plasma samples at regular time intervals and the consistency of measurable plasma
drug concentrations across multiple timepoints was used for the subgroup analysis of
adherence and efficacy. In the Partners PrEP trial, the proportion of partner subjects in
the FTC/TDF group who always had measurable plasma tenofovir concentrations
across multiple timepoints was higher among the subjects who remained uninfected
(63%) compared with those who seroconverted (15%). For partner subjects in the
FTC/TDF group, having a detectable level of tenofovir in plasma at the seroconversion
visit window was associated with a 90% (95% CI 56–98%) reduction in risk of HIV
infection as compared with having undetectable levels. For partner subjects who always
had detectable plasma concentrations across multiple timepoints, the risk reduction
relative to placebo was estimated at 94% (95% CI 75-99%). Age 25 years or older was
associated with better FTC/TDF adherence, but overall drug adherence was high in this
trial. The differences in drug adherence between the Partners PrEP and iPrEx trials may
be related to the differences in perceived risk between the two populations studied: one
with a known risk for HIV acquisition (Partners PrEP) and the other with possibly poor
risk perception (iPrEx). Other social factors may have also influenced adherence.
Disinhibition or risk compensation was not observed in either of these trials. In both
trials, subjects reported a decrease in unprotected sex acts compared to baseline. Also,
the incidence of STIs decreased compared to baseline prevalence rates in both trials.
6.1 Indication
The proposed indication for this application is pre-exposure prophylaxis to reduce the
risk of sexually acquired HIV-1 in adults at high risk. The proposed indication is
supported by the primary efficacy results from the iPrEx and Partners PrEP trials,
analyses of which are presented in Section 6.1.4.

6.1.1 Methods
Due to the different subject populations and trial designs in the iPrEx and Partners PrEP
trials, efficacy data from these two trials were not pooled, but are instead presented
separately. Both trials, however, used the same primary efficacy endpoint: the incidence
of documented HIV-1 seroconversion among participants. The endpoint was confirmed
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by a testing algorithm and endpoints committee in each trial and is appropriate to the
indication being sought.
For the iPrEx trial, a modified-intent-to-treat (mITT) analysis was used for the primary
efficacy endpoint. The mITT analysis excluded subjects who were retrospectively found
to have been HIV-infected upon enrollment as well as those who never had an HIV test
post-baseline. In contrast to the trial sponsors who used a May 1, 2010 cut-off date for
the primary analysis, the FDA review of efficacy used the complete double-blind
treatment phase, which for each subject was defined as the date of study drug initiation
until the first study visit after July 31, 2010, when all study drug dispensation was
stopped in the trial. Additional efficacy data through 8 weeks after the last dose of
blinded study drug were also analyzed. The data cut-off date for the efficacy analyses is
November 21, 2010.
For the Partners PrEP trial, a similar mITT analysis was used for the primary endpoint
through a July 10, 2011 cut-off date, when the DSMB recommended discontinuation of
the placebo group. The mITT analysis for the Partners PrEP trial, in addition to
excluding subjects who were HIV-infected upon enrollment or who never had a postbaseline follow-up test, also excluded 11 subjects who were found to be ineligible for
the trial after randomization (see Section 6.1.3, Table 8).

6.1.2 Demographics
iPrEx
The demographics and baseline characteristics for subjects who received at least one
dose of study drug in the iPrEx trial (N=2,499) are presented in Table 5. The two
treatment groups were balanced in terms of age, race, education, region and baseline
risk behaviors. Overall, this was a young cohort of MSM with a mean age of 27 years
(range: 18-67 years); roughly half were less than 25 years of age. Since the trial
initiated at the Peruvian and Ecuadorian sites, the majority (68%) of randomized
participants were from these two countries and consequently identified as mixed race
and of Hispanic/Latino ethnicity. Caucasian subjects made up 17% of the population,
while Black or African/American subjects made up 9% and Asian subjects 5%.
Participants from the United States only constituted 9% of the total randomized
population and tended to be older than non-U.S. subjects (mean age 38 years). The
majority (78%) of participants reported having completed secondary education or having
some post-secondary education. Only 29 randomized subjects (1%) identified as
women (FTC/TDF 15, placebo 14).
Overall, the MSM randomized in the iPrEx trial were at high risk for HIV infection. The
mean number of sex partners reported in the 3 months preceding enrollment was 18,
with more than half (56%) reporting 10 or more partners (FTC/TDF 57%, placebo 55%).
Nearly 60% of the randomized MSM reported URAI within the past three months, while
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Of the 2,499 randomized subjects, 2,452 (FTC/TDF 1,226 [98%], placebo 1,226 [98%])
had at least one on-study follow-up HIV test through November 21, 2010 and made up
the ITT population. The remaining 47 subjects (FTC/TDF 25 [2%], placebo 22 [2%]) did
not have an on-study follow-up HIV test and were thus excluded from ITT population.
Ten additional randomized subjects (FTC/TDF 2 [<1%], placebo 8 [1%]) were
retrospectively found to have been HIV-1 infected upon enrollment (via HIV-1 RNA
testing on enrollment samples) and had study drug discontinued at the next follow-up
visit, generally within 2 months of enrollment. Exclusion of these 10 subjects constituted
the mITT population (N=2,442).
Among the 10 subjects found to have HIV infection at enrollment, five had symptoms of
an acute viral syndrome at enrollment, two had symptoms 1 week later (prompting an
interim study visit), one had an anal sore, and one had leucopenia at enrollment. In
these subjects, the clinicians did not suspect acute HIV-1 infection, because the
symptoms were attributed to an upper respiratory tract infection, sinusitis, or other nonHIV cause.
[Medical Officer Comment: Given the lower number of subjects found to have HIV at
enrollment in the FTC/TDF group compared with the placebo group (2 versus 8,
respectively), it is possible that FTC/TDF may have acted as post-exposure prophylaxis
(PEP) for some participants randomized to that treatment group, but this supposition
remains speculative given the small number of subjects and absence of baseline RNA
analysis in all randomized subjects.]
As of the November 21, 2010 data cut-off date, 75% of subjects had completed the trial,
with comparable rates between the two treatment groups. Subjects had variable
duration of follow-up, ranging from 1 day to 160 weeks. A total of 1,882 (75%) subjects
had received study drug for at least 1 year (FTC/TDF 950 [76%], placebo 932 [75%])
and 804 (32%) subjects had received study drug for 2 years (FTC/TDF 392 [31%],
placebo 412 [33%]). The median duration of exposure was 77.3 weeks (interquartile
range [IQR] 52–119 weeks), with no notable difference between the two groups.
A total of 613 subjects (FTC/TDF 311 [25%], placebo 302 [24%]) discontinued the trial
early. The most common reasons reported for exiting the trial early were lost to followup (207 subjects: FTC/TDF 115 [9%], placebo 92 [7%]); subject relocation (158
subjects: FTC/TDF 77 [6%], placebo 81 [6%]); and subject refusal (147 subjects:
FTC/TDF 67 [5%], placebo 80 [6%]). There were 9 deaths (FTC/TDF 2 [<1%], placebo 7
[1%]): 8 subjects died before the November 21, 2010 data cut-off date and 1 subject in
the placebo group died on January 2, 2011 from a thermal burn sustained in a fire (See
Section 7.3.1). Table 7 lists the disposition of subjects through the November 21, 2010
data cut-off date.
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seven refused further participation (FTC/TDF 4, placebo 3), one relocated (FTC/TDF 1,
placebo 0), seven were terminated due to investigator decision (FTC/TDF 3, placebo 4),
four were lost to follow-up (FTC/TDF 0, placebo 4), and one was terminated for other
reasons (FTC/TDF 0, placebo 1).

Partners PrEP
A total of 7,856 HIV-serodiscordant couples were screened, of which 4,758 couples
were randomized. Of the couples screened but not randomized, 206 were eligible but
did not enroll and 2,892 were found to be ineligible. The most common reasons for
ineligibility were HIV-infected index subjects meeting national criteria for ART initiation
or already taking ART (59%), and pregnancy (2%), breastfeeding (0.4%), or chronic
active HBV infection (10%) among HIV-uninfected partner subjects. Less than 3% of
couples failed screening due to creatinine elevation, glycosuria or proteinuria in the
partner subject.
Within the 4,758 randomized couples, uninfected partner subjects were randomized into
one of the following three treatment groups: 1,589 to TDF, 1,583 to FTC/TDF, and
1,586 to placebo. All but 11 of these subjects were included in the ITT cohort; the 11
excluded subjects were determined after randomization to have not met the eligibility
criteria for the trial and were withdrawn from follow-up. The eligibility violations that led
to study termination in these 11 subjects are summarized below:
•

•

Three partner subjects (Subjects 5400210, 5518111 and 5518314) were found
after randomization to have been hepatitis B surface antigen (HBsAg) positive at
the screening visit; one was detected within one month of randomization, one
within five months and one within 12 months. In one case (Subject 5400210),
there had been an error in the reporting of the HBsAg result from the laboratory;
for the other two, a transcription and interpretation error occurred for the result
received. Study drug was immediately and permanently discontinued, the
couples were followed for study-defined post-study drug stop visits (monthly for
two months) to monitor safety after withdrawal of study drug and then the
couples were terminated from the trial. There was no evidence of hepatitis flare
among these participants after cessation of study drug, based on monitoring of
liver function tests. The reporting procedures for laboratory results were
subsequently reviewed and revised.
One partner subject (Subject 5400912) was determined within one month after
randomization to have had an absolute neutrophil count at the screening visit that
did not meet the minimum level required for study eligibility (i.e., >1300
cells/mm3). A repeat neutrophil count remained below the eligibility cut-off. Study
drug was stopped, the couple was followed for study-defined post-study drug
stop visits (monthly for two months) to monitor safety after withdrawal of study
drug and then the couple was terminated from the trial.
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•

•

•

•

Three partner subjects (Subjects 5206718, 5419919 and 5717514) were
determined within one month after randomization to have had a hemoglobin
result at the screening visit that did not meet the minimum level required for study
eligibility (i.e., >11 g/dL). After the error was detected, the participants were
retested but continued to fail to meet the hemoglobin eligibility criterion. Study
drug was stopped, the couples were followed for study-defined post-study drug
stop visits (monthly for two months) to monitor safety after withdrawal of study
drug and then the couples were terminated from the study.
Two partner subjects (Subjects 5509716 and 5716913) were determined within
one and three months, respectively, after randomization to have had a creatinine
clearance at the screening visit that did not meet the minimum level required for
study eligibility (i.e., ≥60 mL/min). After the error was detected, the participants
were re-tested but continued to fail to meet the creatinine clearance eligibility
criterion. Study drug was stopped, the couples were followed for study-defined
post-study drug stop visits (monthly for two months) to monitor safety after
withdrawal of study drug and the couples were terminated from the trial. Neither
participant experienced a decline in creatinine clearance during treatment with
study product.
One partner subject (Subject 5527717) was determined within four months after
randomization to have enrolled in the trial with a person who was not her stable
sexual partner. The participant missed six visits following enrollment due to being
incarcerated. The participant then attended the 7-month visit and one study
defined post-study visit.
One partner subject (Subject 5345919) was determined immediately following
randomization to have had a positive pregnancy test at the enrollment visit.
Although randomization procedures were conducted, the participant was not
actually dispensed study drug. The couple was terminated from the study on the
same day.

Of the remaining 4,747 partner subjects, 25 had no follow-up testing and 14 were found
to have been HIV-1 infected at enrollment. The number of occult HIV infections was
again greatest in the placebo group. These 39 subjects (25 +14) were excluded from
the mITT cohort. The mITT cohort represents 99% of all randomized partner subjects
and was used for the primary analysis of efficacy. Table 8 shows subject disposition
through the July 10, 2011 data cut-off date.
As of the data cut-off date, only 1% of partner subjects had completed the trial (i.e., the
36 months of follow-up). Nearly all (98%) of participants were still in follow-up. A total of
7,830 person-years of follow-up for assessment of HIV-1 incidence were accrued, with a
median 23 months of follow-up (IQR 16-28 months), with no notable difference between
treatment groups in median duration of exposure. Only 1% of partner subjects had
terminated the trial early. The reasons for premature termination included death (N=27),
subject refusal (N=15), and investigator decision (N=5), each compromising ≤1% of the
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(p<0.001).31 In addition, the detection rate for intracellular drug levels was 97% among
subjects from U.S. sites compared with 50% among non-U.S. subjects (p<0.0001);
however, the number of U.S. subjects included in the analysis was presumably small.
[Medical Officer Comment: In the PK dataset submitted to FDA, the number of U.S.
subjects with PBMC data was only four. Of these, three had measurable intracellular
drug levels.]
Since intracellular TFV-DP concentrations can remain measurable for a longer period of
time (21 days) than plasma tenofovir concentrations, intracellular TFV-DP levels can
provide direct evidence of drug exposure over time and thus serve as more reliable
measures of drug adherence. In the iPrEx PK substudy, intracellular TFV-DP
concentrations were detected in only 4/48 (8%) HIV seroconverters in the FTC/TDF
group compared with 51/133 (38%) HIV-uninfected matched controls from the same
treatment group. Given the estimated duration of detectable TFV-DP in PBMCs with the
assay methods used, subjects with no measurable intracellular drug concentrations
were presumed to have missed more than a week of sequential drug dosing. Further,
full adherence with daily drug dosing appeared to occur in less than 10% of subjects
(N=12/181). Among subjects with measurable intracellular drug concentrations, the
median TFV-DP concentration was higher among uninfected subjects (15.6 fmol/106
viable cells [range: 2.49 to 82.4]) compared with seroconverters (10.2 fmol/106 viable
cells [range: 4.19 to 14.7]). In a comparison of subjects with and without measurable
intracellular drug concentrations, the presence of measurable drug concentrations
reduced the risk of HIV acquisition by 90% (95% CI 71-98%; p<0.001). After adjusting
for potential confounders (i.e., URAI at screening, URAI at the time of specimen draw,
total number of sex partners at screening, age, secondary education and body mass
index), the relative risk reduction was 87% (95% CI 59-97%; p<0.001).
[Medical Officer Comment: Subject 9212637 had detectable drug levels at the
seroconversion visit; however, he also had plasma drawn on the date he was RNA
positive but antibody negative and no drug was detected on that date. If Subject
9212637 is counted as not having a measurable drug concentration, then the risk
reduction for having measurable drug concentrations is 94% (or 92% after adjustment
for potential confounders)].
Having measurable TFV-DP concentrations, however, may not completely protect from
HIV-1 infection, as illustrated by the four subjects who seroconverted despite having
quantifiable concentrations at the visit when seroconversion was detected; although, as
the case of Subject 9212637 illustrates, how accurately these drug concentrations
reflect the intracellular concentrations around the time of HIV exposure is unclear.
Further, although HIV seroconversions were not observed among subjects with
31

Anderson PL, Lama JR, Buchbinder S, et al. Interpreting detection rates of intracellular emtricitabinetriphosphate (FTC-TP) and tenofovir-diphosphate (TFV-DP) in the iPrEx Trial [Oral Presentation]. Paper
presented at: 18th Conference on Retroviruses and Opportunistic Infections (CROI); February 27 March 2, 2011; Boston, MA.
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intracellular TFV-DP concentrations above 15.6 fmol/M viable cells, a minimal
intracellular drug concentration necessary for efficacy could not be established as part
of this review because of the multiple limitations of this data.
In order to further assess the impact of drug adherence on efficacy, FDA reviewers
extrapolated the findings from the PK subgroup analysis to the entire FTC/TDF-treated
cohort to derive absolute event rates for subjects assumed to have measurable
intracellular drug concentrations. With that, FDA estimated an absolute risk reduction of
87.5% (95% CI 66-95%) relative to placebo in subjects assumed to have measurable
drug levels. In contrast, the estimated relative risk reduction in subjects assumed not to
have measurable drug concentrations was only 14.5% (95% CI -22 - 40%). Please see
Section 4.4.2 and the Clinical Pharmacology review by Drs. Ayala and Liu for the
methodology used in these exploratory analyses.
In the Partners PrEP trial, measurements of adherence were based on monthly pill
counts of returned study tablets. Overall, drug adherence in this trial was high: 98% of
the dispensed study bottles were returned and 97% of the dispensed study tablets were
calculated to have been taken (based on pill counts of returned, unused study drug).
Only three partner subjects ever reported that they thought their index partner used their
study drug. A secondary analysis was conducted to evaluate drug adherence using
tenofovir plasma concentrations taken across multiple time points. Plasma tenofovir
concentrations in partner subjects who seroconverted within each active treatment
group were compared to a cohort of randomly selected partner subjects who did not
seroconvert.
Overall, the efficacy trends observed in the Partners PrEP trial corroborate the findings
from the iPrEx trial and reaffirm that the principle that greater drug adherence correlated
with protection from HIV infection. Within the FTC/TDF treatment group of Partners
PrEP, the proportion of partner subjects with always measurable plasma tenofovir
concentrations at all visits (plasma drug levels available for a mean of six study visits)
was significantly higher among HIV-uninfected subjects (63%) than among
seroconverters (15%). In the case-cohort subgroup analysis, 91/100 (91%) HIVuninfected cohorts in the FTC/TDF group had measurable plasma tenofovir
concentrations at some point during the trial compared with 8/13 (62%) of
seroconversion cases in the same treatment group, keeping in mind that plasma
tenofovir concentrations are a less reliable measure of drug adherence than intracellular
drug levels. For example, a subject could take FTC/TDF several hours prior to the study
visit and have drug levels consistent with adherence, even though they may not
otherwise be taking study drug. For partner subjects in the FTC/TDF group, having a
detectable level of tenofovir, as compared with having an undetectable level, was
associated with a 90% (95% CI 56–98%; p=0.002) reduction in HIV risk. As in the iPrEx
trial, age 25 years or older was associated with better FTC/TDF adherence, although
sample sizes were small in the comparative cohort. FDA estimated an absolute risk
reduction of 94% (95% CI 75-99%) relative to placebo for the FTC/TDF-treated subjects
80
Reference ID: 3158507

Clinical Review
Peter S. Miele, M.D.
NDA 21-752/S-30
TRUVADA® (emtricitabine/tenofovir disoproxil fumarate)
who were assumed to always have measurable tenofovir plasma concentrations.
Please see Section 4.4.2 and the Clinical Pharmacology review for further details of
these exploratory exposure-response analyses.
In the Partners PrEP trial, an ancillary project was implemented in 2009 at three
Ugandan sites with additional objective adherence measures: MEMS caps and monthly
then quarterly unannounced home visits and pill counts. Subjects with unannounced pill
count adherence <80% received counseling intervention. A total of 1,147 partner
subjects enrolled. Median adherence by unannounced pill count was 99% and by
MEMS 92%. A total of 14 HIV seroconversions were identified within this subgroup: 14
among subjects randomized to placebo (333 person-years) and 0 among subjects
randomized to active treatment (616 person-years). The results showed that high PrEP
adherence in the setting of active monitoring and counseling support was associated
with a high degree of protection from HIV-1 transmission. Moreover, real-time
adherence monitoring could identify individuals for targeted adherence support in order
to maximize PrEP effectiveness.
The reasons for differing drug adherence among the various clinical trials of oral PrEP,
or the reasons for greater drug adherence in the Partners PrEP trial compared with the
iPrEx trial or other trials of high-risk individuals, such as the FEM-PrEP trial, are not
entirely clear. However, qualitative data based on in-depth interviews with a subgroup of
Partners PrEP couples suggest that HIV serodiscordance itself can destabilize a
relationship and, in that context, PrEP may be viewed by participants as a means of
preserving the relationship while safeguarding individual health.32 Thus, a desire to
maintain a stable relationship may provide added incentive to adherence. Where
discord in the relationship persists, adherence suffers. Another potential explanation is
that the risk to an uninfected partner in a known serodiscordant relationship is clear and
readily identifiable, and this knowledge may strongly influence adherence. Among MSM
and other high-risk individuals not in a known serodiscordant union, multiple studies
have shown that risk perception is often at odds with engagement in high risk behavior.
This disconnect might also affect drug adherence, as was postulated for the FEM-PrEP
trial.

Drug Resistance
The emergence of drug resistant HIV variants in association with oral PrEP is both an
individual and public health concern. Drug resistance, however, was infrequently
observed in the two pivotal trials, as well as in most clinical trials of oral PrEP to date. In
all PrEP trials, substitutions conferring NRTI drug resistance have only been identified
32

Ware NC, Wyatt MA, Haberer JE, et al. What’s love got to do with it? Explaining adherence to oral
antiretroviral pre-exposure prophylaxis for HIV-serodiscordant couples. J Acquir Immune Defic Syndr
2012; 59 (5):463-8.
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among subjects who were enrolled into the trials with undiagnosed acute HIV infection
at baseline (i.e., negative rapid HIV antibody test at enrollment).
In the iPrEx trial, drug resistance was detected after 4 weeks of FTC/TDF prophylaxis in
2/2 subjects who were unknowingly HIV-infected at the time of enrollment. An FTCassociated amino acid substitution in HIV-1 reverse transcriptase, M184V, was detected
in the Week 4 isolate of one subject, but was absent in the baseline isolate, suggesting
that resistance in this subject emerged during treatment with FTC/TDF. Another FTCassociated substitution, M184I, was detected in the Week 4 isolate of the second
subject; however, the baseline sample did not yield genotypic data because of
insufficient viral RNA in the sample, and therefore it remains unclear if the M184I
substitution was selected during the therapy or was borne by the transmitted virus.
In the Partner’s PrEP trial, 14 subjects (TDF 5, FTC/TDF 3, placebo 6) were enrolled
with undiagnosed early HIV infection. Two of the five subjects in the TDF group had
detectable variants expressing drug resistance at the time of antibody seroconversion,
one with a K65R-expressing variant at Week 16 and the other with a variant bearing the
combination of D67N and K70R at Week 60. One of the three subjects in the FTC/TDF
group had an M184V-expressing variant detected at Week 12. Genotypic analyses of
the baseline isolates for the subjects with the M184V and K65R-expressing viruses
indicated that resistance emerged during treatment by Weeks 12 and 16, respectively.
Genotypic analysis of the baseline isolate (or of an isolate from the HIV-infected index
partner) was not conducted in the subject with the D67N plus K70R-expressing virus,
thus it is unclear if the resistance was transmitted or emergent in this case. No
resistance was detected among the five remaining subjects in the TDF and FTC/TDF
groups who were HIV-infected at baseline; however, PK data with which to assess
adherence in these subjects was lacking.
In both pivotal trials, among the 75 subjects randomized to active treatment who
seroconverted post-enrollment and for whom evaluable RNA data are available (48 in
the FTC/TDF group of iPrEx and 15 and 12 in the TDF and FTC/TDF groups of Partners
PrEP, respectively), no evidence of substitutions conferring NRTI resistance was
detected by population nucleotide sequence analysis, which has a limit of sensitivity for
minority species comprising approximately 25% or more of the viral quasi-species. A
second genotypic analysis using an allele-specific reverse-transcriptase PCR assay
sensitive to the presence of low level variants (0.5% of the viral quasi-species)
expressing specific resistance-associated substitutions (i.e., K65R, K70E, M184V, and
M184I) also failed to detect any variants among the 48 FTC/TDF subjects in the iPrEx
trial.
Four individuals in the Partners PrEP trial who were infected post-enrollment (TDF 2,
FTC/TDF 1, placebo 1) were found to have K103N or V106A mutations conferring highlevel resistance to non-nucleoside reverse transcriptase inhibitors (NNRTI). This NNRTI

82
Reference ID: 3158507

Clinical Review
Peter S. Miele, M.D.
NDA 21-752/S-30
TRUVADA® (emtricitabine/tenofovir disoproxil fumarate)
of seroconversion, although the sample sizes are small and drug exposures at the time
of exposures are unknown. Please see the Microbiology Review by Dr. Deming for
further details.

6.1.6 Other Endpoints
Behavioral Changes
This section will focus on the risk behavior trends observed during treatment with oral
PrEP. A potential concern surrounding the implementation of an oral PrEP intervention
is the possibility that it may lead to risk compensation and increased disinhibition.
However, there was no evidence of post-baseline disinhibition among participants in
either pivotal trial submitted in support of this application, or in other clinical trials of oral
PrEP where such information has been reported (e.g., the CDC 4323, CDC TDF2, and
FHI PrEP trials).33,34,35 In these trials, information on risk behavior changes has been
mostly self-reported collected through interviews, but objective measures such as STI
rates over time have also been analyzed.
In the iPrEx trial, subjects received a comprehensive package of HIV prevention
services, including HIV-1 testing, risk-reduction counseling, condoms, and diagnosis
and treatment of any symptomatic STIs at every monthly visit. During the course of the
trial, the reported number of receptive anal sex partners decreased from a baseline
mean of 12 partners in previous 3 months to less than half of that during follow-up. The
number of URAI partners also decreased as did the percentage of anal sex partners
who used a condom (from approximately 50% at baseline to 75% during follow-up).
These behavioral trends were comparable between treatment groups (Figure 5).
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While the above measures are self-reported and subject to bias, STI rates also
decreased during the course of each trial and appear to corroborate the self-reported
behavioral trends. In the iPrEx trial, the baseline prevalence for any STI (including
syphilis, gonorrhea, chlamydia, genital ulcer disease, or HSV-2) was 16%. Postbaseline, the incidence of any STI was 12.6 per 100 PY in the FTC/TDF group and 12.2
in the placebo group. In the Partners PrEP trial, the baseline prevalence of any STI
(which includes the above listed STIs plus trichomonas, but not HSV-2) was 10-12%.
Post-baseline, the proportion of partner subjects with any STI diagnosis decreased to
3% in the first year and 2% in the second year, across all treatment groups.
In summary, in a setting of routine and intensive risk reduction counseling and condom
promotion, no evidence of behavioral disinhibition was observed among oral PrEP
participants in these pivotal trials. Whether similar behavioral findings can be inferred for
a non-clinical trial setting is unknown.

6.1.7 Subpopulations
iPrEx
In the iPrEx trial, no significant differences in efficacy were observed among
subpopulations based on race, ethnicity, region, baseline STI status, circumcision,
alcohol intake, or the reporting of transactional sex. Greater risk reduction relative to the
overall mean risk reduction was observed among participants who reported URAI at
baseline (53%). Greater numerical risk reduction was also observed among participants
who were 25 years of age or older (56% compared with 28% in those less than 25 years
old) and among participants who reported secondary education or higher (52%
compared with 12% in those with less than secondary education). As demonstrated in
Table 14, among the cohort of MSM older than 25 years of age, with at least a
secondary education or higher, and reported URAI at baseline (N=287), the relative risk
reduction compared with placebo was 85%. Of note, based on the available PK data
from the case-control substudy, these same covariates also correlated with greater drug
adherence as determined by the relative proportion of subjects with measurable
intracellular TFV-DP concentrations.
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Table 14: Relative Risk Reduction in Subgroups with Greater Drug Adherence (CO-US-104-0288)

Source: Pharmacometric Review for NDA 21-752/S-30

Based on the differences observed in relative risk reduction within each of these
subgroups, it appears that the overall risk reduction seen in the iPrEx trial with FTC/TDF
relative to placebo was most likely due to better drug adherence and not some other
factor, such as differential condom usage or other behaviors to decrease risk. Please
see the Pharmacometrics review by Dr. Liu for further discussion of the PK subgroup
analyses and the adherence effect.
Whereas the relative risk reduction for MSM who reported URAI at baseline was 53%,
no protective benefit was observed among MSM who did not report URAI. In this
subgroup, the seroconversion rate per 100 person years was 1.9 for the FTC/TDF
group and 1.5 in the placebo group.
The interactions between drug adherence, risk behavior, and efficacy were also further
explored. Unprotected sex inflated risk in both treatment groups. There was, however,
no particular evidence that adherence improved with riskier behavior or that even if such
occurred, that it had any effect on the overall efficacy. Please see the Statistical Review
by Dr. Hammerstrom for further details.

Partners PrEP
A significant protective effect of TDF or FTC/TDF compared with placebo was observed
in the Partners PrEP trial regardless of gender, age, education, country, male
circumcision, reporting of unprotected sex, use of hormonal contraception in women, or
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periods of low drug exposure, which in turn reflected periods of low drug adherence.
Since the proportion of subjects with measurable drug concentration was comparable
between cases and controls early in treatment, these findings suggest that adherence to
drug dosing waned over time among participants who eventually became HIV-infected
(Figure 8).
Figure 8: Case-Control Substudy: Study Drug Detection by Time Relative to HIV Infection (CO-US104-0288)

Source: NDA 21-752/S-30 Advisory Committee meeting presentation

6.1.10

Additional Efficacy Issues/Analyses

Use of Post-Exposure Prophylaxis in iPrEx
In the iPrEx trial, 33 (1%) subjects (FTC/TDF 13 [1%], placebo 20 [2%]) received PEP
following a recent exposure to a known HIV-infected partner. Four subjects (FTC/TDF 1,
placebo 3) received PEP on more than one occasion (Subjects 8730115, 9433416,
9534377, and 9534482), with one subject in the placebo group receiving PEP on four
separate occasions (Subject 9433416).
Seven subjects (FTC/TDF 3, placebo 4) received PEP after all study drug dispensation
had ceased in the trial (i.e., after July 31, 2010). These seven subjects initiated PEP
between August 14, 2010 and December 6, 2010. Three (3) of these subjects appeared
to have initiated PEP within a month after stopping study drug. Two subjects, one in
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each group (Subjects 8730115 and 9534377), received PEP before and after July 31,
2010 end of treatment time point.
Twenty-eight subjects received PEP only before end of treatment (FTC/TDF 12,
placebo 16). Of these, 25 (1%) subjects had study medication interrupted in order to
initiate PEP (FTC/TDF 10 [1%], placebo 15 [1%]). In the remaining three cases, the
subject had stopped taking study drug more than a month before initiating PEP.
Within the double-blinded treatment phase of the trial, which provided the time frame for
the primary efficacy analyses, no HIV seroconversion event was reported among any
subject who initiated PEP. One subject treated with PEP in the FTC/TDF group had a
seroconversion event in the post-treatment period. Subject 965309 stopped study
medication on May 5, 2010 because of suicide attempts. He did not restart study
medication thereafter. He began PEP with lamivudine/zidovudine on June 19, 2010.
This regimen was switched to lopinavir/ritonavir plus stavudine and lamivudine on June
21, 2010, which he took through July 20, 2010. He had a negative HIV rapid test on
August 19, 2010, but tested positive on September 3, 2010, which was confirmed by
Western Blot on October 1, 2010.
FDA conducted sensitivity analyses of the iPrEx data that assumed 1) that all 12
FTC/TDF subjects who received PEP and did not seroconvert would have become HIVinfected on the day PEP began if PEP had not been given and 2) that there would have
been no change in the number and timing of the HIV infections in the placebo group. An
alternative analysis discarded those 12 FTC/TDF subjects who received PEP and did
not seroconvert while retaining all 20 placebo subjects who received PEP during any
time period and the one FTC/TDF subject who became infected some time after PEP
ended. The results of these analyses indicated that the use of PEP in the iPrEx trial did
not significantly affect the overall efficacy results. Please see the Statistical Review by
Dr. Hammerstrom for further details on these sensitivity analyses.

Use of Antiretroviral Therapy in Index Subjects in Partners PrEP
In the Partners PrEP trial, FDA identified 1,472 (31%) index subjects who initiated ART
post-randomization; of these, 1,314 (28%) started ART during the trial (as treatment for
HIV infection or as prevention of mother-to-child HIV transmission). The proportion of
index subjects who initiated ART during the trial was evenly divided among the three
treatment groups.
Since the risk of HIV transmission to the partner subject would be reduced if ART
therapy significantly lowered the index subject’s viral load, FDA conducted sensitivity
analyses to evaluate the effect of initiation of ART in the index subject on PrEP efficacy.
Of note, five partner subjects (TDF 3, FTC/TDF 0, placebo 2) acquired HIV infection
after their index partner had started ART, so treatment as prevention was not absolute
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in its protection. All of these seroconversion events occurred within three months of
ART initiation, so full viral suppression in the index subject would not necessarily have
been expected.
The FDA sensitivity analysis censored any partner subject whose index partner initiated
ART at the start of the ART regimen. An alternative analysis excluded all partner
subjects whose index partners initiated ART, unless the partner subject became HIV
infected. The results of these sensitivity analyses showed that initiation of ART in the
index subjects did not significantly affect the original efficacy conclusions, since the use
of ART impacted all treatment groups equally, as would be expected from a
successfully blinded randomized trial. Please see the Statistical Review by Dr.
Hammerstrom for further details.

7 Review of Safety
Safety Summary
The safety of FTC/TDF for a PrEP indication is supported by two, large, randomized,
double-blinded, placebo-controlled trials in diverse populations: the iPrEx trial in MSM
from six countries globally and the Partners PrEP trial in heterosexual men and women
in serodiscordant relationships in Kenya and Uganda. In addition, supportive safety data
are provided by the CDC 4323 trial in 400 U.S. MSM. The safety assessments
employed in these trials and study populations selected for evaluation are considered
appropriate for the proposed indication. Drug exposures were generally adequate for
the Partners PrEP and CDC 4323 trials, but were possibly suboptimal for a safety
assessment in the iPrEx trial due to overall poor adherence.
In these trials, FTC/TDF was generally well tolerated amongst HIV-uninfected
individuals and no new safety issues were identified. Major safety results (i.e., deaths,
serious adverse events, adverse events leading to drug discontinuation, or adverse
events of moderate to severe toxicity) were balanced between the active and placebo
groups in each trial. In the iPrEx trial, unintended weight loss, nausea, and abdominal
pain were reported more often in subjects receiving FTC/TDF. In the Partners PrEP
trial, moderate to severe neutropenia was observed slightly more frequently in subjects
receiving FTC/TDF compared with placebo, although the differences were small (8%
versus 6%, respectively)..
Permanent drug discontinuations due to adverse events were infrequent in the pivotal
trials (4% in iPrEx and <1% in Partners PrEP) and were generally balanced between
treatment groups. In both arms of the iPrEx trial, study drug was most commonly
stopped or interrupted for psychiatric disorders, the vast majority of which were not
considered to be treatment-related. Seven subjects in the iPrEx trial interrupted
FTC/TDF for increased serum creatinine; however, six resumed treatment without
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notable incident. One subject permanently discontinued FTC/TDF for a Grade 1
creatinine elevation that later resolved off treatment. Another subject permanently
discontinued FTC/TDF for Grade 2 hypophosphatemia in association with persistent
glycosuria that was considered to be possibly related to study drug.
In the Partners PrEP trial, there were a total of seven permanent drug discontinuations,
six of which were due to renal toxicity (FTC/TDF 2, TDF 3, placebo 1). In five of these
cases, the renal toxicity in question was a decline in creatinine clearance <50 mL/min
(TDF 2, FTC/TDF 2, placebo 1). All five discontinuations due to low creatinine clearance
occurred in women, all of whom had normal creatinine clearance upon enrollment,
although three had low normal values at entry. One of the six subjects with renal toxicity
(in the TDF group) was also noted to have hypophosphatemia, but none had evidence
of proteinuria or glycosuria during follow-up. Renal insufficiency resolved with cessation
of the study drug in the five female cases, while the one case of Grade 1 creatinine
increase in a male subject was still ongoing at exit from the trial. Treatment interruptions
due to increased creatinine tended to occur more frequently than discontinuations (47
subjects [1%] versus 6 subjects [<1%], respectively). Treatment interruptions due to
hypophosphatemia or low serum bicarbonate, however, were uncommon (<1%).
No significant differences or trends in clinical laboratory parameters were noted among
the treatment groups in both pivotal trials, with the exception of a greater median
decrease from baseline in total leukocyte count in the FTC/TDF group of the iPrEx trial
and a greater proportion of subjects in the FTC/TDF group of the Partners PrEP trial
with decrease neutrophil counts, both as compared with placebo. Among subjects
randomized to FTC/TDF in both trials, hypophosphatemia was the most common ≥
Grade 2 treatment-related adverse event (causality as determined by the site
investigators), reported in 4% of subjects in the iPrEx trial and 14% of subjects in the
Partners PrEP trial (compared with 3% and 13% in the placebo groups, respectively).
With further respect to renal safety, treatment-emergent creatinine elevations were
reported in 2% of subjects per treatment group in the iPrEx trial and in 7% of FTC/TDF
subjects in the Partners PrEP trial (compared with 5% in the placebo group). Increased
creatinine as a serious adverse event was infrequent, reported in only 1% of all subjects
in the iPrEx trial, with comparable rates between groups; all serious cases in the
FTC/TDF group (N=8) were Grade 1. No serious events related to renal function were
reported in the Partners PrEP trial. For subjects randomized to FTC/TDF, median time
to onset of creatinine events was 24 weeks in the iPrEx trial (compared with 37 weeks
in the placebo group) and 48 weeks in the Partners PrEP trial (compared with 43 weeks
in the placebo group). There were no differences in either trial between the active and
placebo groups in the median duration of creatinine elevation. For both trials, the rates
of graded serum creatinine or serum phosphorus laboratory abnormalities were
comparable among the treatment groups, as were the rates of proteinuria and
glycosuria on urine dipstick. Mean changes from baseline in serum creatinine,
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creatinine clearance, or serum phosphorus were small or negligible at all time points for
all treatment groups in both trials.
No events of Fanconi syndrome were reported in either trial. There were, however, a
small number of cases that were possibly suggestive of proximal renal tubulopathy, as
determined by the presence of concurrent proteinuria, glycosuria, and
hypophosphatemia. In the iPrEx trial, there were seven such cases (FTC/TDF 5,
placebo 2) and in the Partners PrEP trial there were five cases (TDF 2, FTC/TDF 1,
placebo 2). None of these twelve cases was associated with back pain, bone pain, or
bone fractures, as might be seen with osteomalacia, although two of these subjects in
the iPrEx trial had evidence of bone mineral density loss on post-baseline DEXA scans.
The small number of these cases, however, precludes any reliable conclusions.
Review of the CDC 4323 trial data revealed similar safety trends to those reported
above. A categorical analysis of subjects with recurrent ≥20% increase in serum
creatinine from baseline across the three trials (iPrEx, Partners PrEP, CDC 4323)
revealed a small but consistent imbalance between the active and placebo treatment
groups for each trial, with greater proportions seen in the TDF-based treatment groups.
The percent differences were greatest in the CDC 4323 and Partners PrEP trials,
perhaps owing to better drug adherence in these trials. These differences, however,
were not associated with a difference in the incidence of proteinuria or glycosuria or with
mean changes in serum phosphorus over time. In the CDC 4323 trial, the difference
between the TDF and placebo groups in the proportion of subjects with ≥3% BMD loss
from baseline was greater among subjects with recurrent ≥20% serum creatinine
increases than among subjects without creatinine increase, although the clinical
relevance of this finding is not clear.
With respect to bone safety, in both the iPrEx and CDC 4323 trials, small but significant
decreases in BMD compared to baseline were noted in the TDF-based groups relative
to placebo. Of note, similar findings have been reported for the CDC TDF2 trial in
heterosexual men and women treated with FTC/TDF. Among the 45 subjects in the
iPrEx trial with ≥5% BMD decrease from baseline at the spine, five (all in the FTC/TDF
group) also had evidence of treatment-emergent graded hypophosphatemia. DEXA
scans obtained six months after discontinuation of treatment in the iPrEx trial, however,
suggested that the BMD decreases observed with FTC/TDF use were reversing
towards baseline levels. Importantly, no differences in fracture rates were observed
between treatment groups across multiple trials. The vast majority of fractures reported
in the three submitted trials were trauma-related, with wide variation in time to onset.
No evidence of hepatic flares was noted among the 19 study subjects with chronic or
acute hepatitis B infection followed in the two pivotal trials. Likewise no significant
between-group trends were noted in pregnancy outcomes among the 267 women in the
Partners PrEP trial who became pregnant during treatment, although the relative
pregnancy rate was lowest and the spontaneous abortion rate highest in the FTC/TDF
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group, keeping in mind that women were tested for pregnancy on a monthly basis and
the significance of these pregnancy losses, the majority of which were early, is not
clear. Also, no analyses were conducted with respect to age, concomitant medication
use or other factors that may help to explain the potential differences. All women who
became pregnant were instructed to stop study drug as soon as they had a positive
pregnancy test.
Lastly, no significant difference was noted in the incidence of treatment-emergent
adverse events by gender. Adverse event rates were slightly higher for subjects older
than 40 years of age across both pivotal trials compared with subjects younger than 40
years, but the rates groups within each age group were comparable between the active
and placebo groups.
7.1 Methods

7.1.1 Studies/Clinical Trials Used to Evaluate Safety
The review of safety in support of the proposed indication is based on clinical trial data
from the iPrEx and Partners PrEP trials, with additional supportive safety from the CDC
4323 trial in a population of 400 U.S. MSM. Specifically, the renal and bone laboratory
data from CDC 4323 were utilized for this review. Please see Section 5.1 for a tabular
listing of these trials.

7.1.2 Categorization of Adverse Events
In both pivotal trials, AEs were coded using the Medical Dictionary for Regulatory
Activities (MedDRA), Version 10.0. MedDRA Preferred Terms (PT) that essentially
described the same or similar events were pooled when deemed appropriate for the
purposes of this safety review, particularly for renal and bone events potentially related
to tenofovir toxicity and for events leading to study drug discontinuation. For example,
the terms “Blood phosphorus decreased” and “Hypophosphatemia” were often pooled in
analyses of low serum phosphorus.
All AEs were graded using the DAIDS AE Grading Table, except that in the iPrEx trial,
Grade 1 creatinine toxicity was defined as ≥ 1.5 x the participant’s baseline serum
creatinine (baseline serum creatinine was defined as the average of the serum
creatinine measurements taken at screening and at enrollment) OR estimated
creatinine clearance of < 50 ml/min, even if serum creatinine was in the normal or
Grade 0 range. In the Partners PrEP trial, Grade 1 creatinine toxicity was defined as
being at least 1.5 times the subject’s baseline serum creatinine level, even if serum
creatinine was in the normal or Grade 0 range; Grade 2 creatine toxicity was defined as
a creatinine clearance less than 50 mL/min, even if the creatinine value was in the
normal or Grade 1 range.
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Treatment-emergent AEs were defined as events that occurred after study drug
dispense date, while on study drug treatment, and for 30 days post the treatment stop
date. AEs that were present on the study drug dispense date were excluded from the
safety analyses. All deaths captured in the database are reported regardless of when
they occurred in relation to the last dose of study drug. Treatment-related AEs were
defined as those events reported by the site investigator as definitely, probably, or
possibly related to study drug.
The Applicant provided descriptive summaries generated for all treatment-emergent
AEs, laboratory test results, and changes from baseline by visit. Creatinine clearance
was calculated using the Cockcroft-Gault equation. Baseline was considered the last
assessment prior to initiation of study drug for all laboratory tests except creatinine,
creatinine clearance, and eGFR for which baseline was considered as the average of
the last 2 assessments prior to the initiation of study drug. All laboratory tests were
graded using the DAIDS grading schedule. Additionally, serum creatinine and
phosphorus were graded and summarized using the Applicant’s internal grading
schedule to accommodate cross-trial comparisons. DEXA data from the iPrEx trial were
derived from the database available in September 2011, and included visits through
February 28, 2011.

7.1.3 Pooling of Data across Studies/Clinical Trials to Estimate and Compare
Incidence
In general, pooling of data across trials was not performed for this review because of
the different subject populations, methodologies, and drug interventions (FTC/TDF
and/or TDF) used in each clinical trial. In addition, the quality of the submitted datasets
was such that pooling of data would have been logistically complicated. Wherever
possible, however, incidences of key primary safety issues were compared among
trials.
7.2 Adequacy of Safety Assessments

7.2.1 Overall Exposure at Appropriate Doses/Durations and Demographics of
Target Populations
iPrEx
The iPrEx trial randomized 1,251 MSM to FTC/TDF treatment. Subject demographics of
the randomized subjects were representative of a young high-risk MSM population (see
Table 5). Older MSM (≥40 years old) made up only 10% of the population. Additional
safety data in this age group would be useful to have since the risk-benefit assessment
with regards to renal and bone healthy may differ for an older HIV-uninfected male
population. Data from the CDC 4323 trial, which enrolled U.S. MSM exclusively and had
an older mean age of participants and a greater degree of drug adherence as per
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MEMS than iPrEx, provided some insight into this issue. In addition, the population of
the iPrEx trial was predominately Hispanic/Latino of mixed race. However, the extensive
post-approval experience of TRUVADA does not indicate a differential safety risk based
on race or ethnicity; therefore, data from the iPrEx trial are applicable to the intended
population in that regard. Lastly, although the median duration of exposure to FTC/TDF
was reported as 77.9 weeks through the November 21, 2010 cut-off date, with a median
(Q1, Q3) compliance of 94.4% (82.4%, 99.3%) by self-reported pill counts, drug
adherence by self-reported measures was found to be grossly unreliable in this trial
when compared to blood drug levels (see Section 6.1.5). Therefore, the actual extent of
study drug exposure in this trial is not certain, but is presumably less than would be
estimated based on self-reported adherence. The poor adherence to study medication
should be taken under consideration when interpreting the overall safety findings of the
iPrEx trial.

Partners PrEP
The Partners PrEP trial randomized 1,579 heterosexual adults to FTC/TDF and 1,584 to
TDF alone. Median duration of follow-up was 23 months (Q1, Q3: 16 to 28). Study drug
was dispensed at 96% of all attended study visits, and 97% of all dispensed tablets
were estimated to have been taken, based on pill counts of returned, unused study
drug. The total exposure for the safety follow-up period, therefore, was 2,638 personyears for FTC/TDF and 2,631 person-years for TDF. Subject demographics were
representative of HIV-serodiscordant couples, an intended population for the indication.
Mean age of participants was 34, which is applicable to heterosexual men and women
of child-bearing potential who may be at risk for HIV infection. Although a differential
safety risk profile based on gender has not been reported for FTC or TDF, the Partners
PrEP trial did enroll an adequate number of women (FTC/TDF 566, TDF 598), so that
the data from this trial may be considered applicable to sexually active women of
childbearing age. The number of men randomized to active treatment (TDF 986,
FTC/TDF 1013) is also significant since PrEP trials in heterosexual men are limited.
Results from the CDC TDF2 trial have not been peer reviewed or published yet;
moreover, the number of heterosexual men randomized to FTC/TDF in that trial was
approximately 320. Of note, the subject population in the Partners PrEP trial was
exclusively African; however, as previously described, no differences in safety based on
race or ethnicity have been identified for FTC or TDF, so that the data from this trial may
be considered applicable to other races/ethnicities. Moreover, results from the Partners
PrEP trial might be relevant to a U.S. African-American population, although differences
such as diet, body mass index, and co-morbid conditions between the two populations
should be taken into account. Lastly, given the high adherence and longer duration of
exposure, data from the Partners PrEP trial may provide a better estimate of the true
safety of FTC/TDF in an uninfected population than the iPrEx trial.
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7.2.5 Metabolic, Clearance, and Interaction Workup
The metabolism, clearance, and drug-drug interactions of FTC and TDF are well
described in the current labeling for TRUVADA.

7.2.6 Evaluation for Potential Adverse Events for Similar Drugs in Drug Class
No new adverse events were reported in the course of these clinical trials that would
warrant evaluation for potential adverse events for similar drugs in the NRTI drug class.
7.3 Major Safety Results

7.3.1 Deaths
iPrEx
A total of nine (<1%) deaths were reported in the iPrEx trial (FTC/TDF 2 [<1%], placebo
7 [1%]): eight subjects died before the November 21, 2010 data cutoff and one subject
(b) (6)
in the placebo group died on
from a thermal burn sustained in a fire.
None of the nine deaths was considered to be related to study drug by the investigators.
The causes of death for the two subjects in the FTC/TDF group (Subjects 9123922 and
9736428) were acute hepatic failure and road traffic accident, respectively. The death of
Subject 9123922 is discussed here.
Subject 9123922 was a 38-year-old male who enrolled in iPrEx on December 11, 2008.
He was diagnosed with acute lymphoproliferative angiocentric T-cell lymphoma on June
5, 2010 (Study Day 542). Concurrently, liver function parameters were noted to have
increased approximately 2- to 8-fold from April 29, 2010 (Study Day 504) to July 22,
2010 (Study Day 589), i.e., the last recorded serum chemistry laboratory values for this
subject: alkaline phosphatase increased from 107 to 188 IU/L, alanine aminotransferase
(ALT) from 22 to 178 IU/L, and aspartate aminotransferase (AST) from 29 to 167 IU/L.
(b) (6)
Study drug was discontinued on July 23, 2010 (Study Day 590). On
(b) (6)
(Study Day
), the subject experienced acute hepatic failure and died. The cause of
death was reported as upper digestive hemorrhage, associated with liver failure and
angiocentric T-cell lymphoma. The investigator considered the event to be unrelated to
study drug. Per the Applicant, study drug levels for Subject 9123922 were reportedly
below the level of quantification a year prior (August 20, 2009) to the onset of the acute
hepatic failure (UCSF data on file).
The causes of death for the seven subjects in the placebo group (Subjects 8932184,
9015185, 9015887, 9116378, 9117067, 9635795, and 9116736) were, respectively:
head trauma, pulmonary tuberculosis, traffic accident as pedestrian, knife injury, gun
shot wound, thermal burn, and death due to unknown cause after reportedly undergoing
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Grade 4 clinical SAEs were predominately psychiatric disorders, while Grade 3 events
were associate with infections, injuries, or psychiatric disorders. There were no clinical
SAEs related to renal function. Nine (<1%) subjects reported SAEs related to bone
fractures (FTC/TDF 5, placebo 4), but none of these was considered related to study
drug.
Clinical SAEs considered by the investigator to be related to study drug (i.e., definitely,
probably, possibly related) were reported in only two subjects total (one in each group).
These SAEs included a suicide attempt (Grade 4) on Study Day 329 in one FTC/TDF
subject (Subject 9635309) considered possibly related and Grade 3 peripheral sensory
neuropathy that began on Study Day 19 in one placebo-treated subject (Subject
8944918), considered probably related. Both events resolved without sequelae,
although study drug was permanently discontinued for the SAE of attempted suicide, as
any suicidal ideation or attempt was regarded as Grade 4 according to the DAIDS
toxicity grading table and the protocol called for discontinuation of study drug for all
Grade 4 events.
A total of 41 laboratory SAEs were reported among 37 subjects (FTC/TDF 19 [2%],
placebo 18 [1%]). About half of these events were DAIDS Grade 4 in severity, while 4%
and 7% were Grades 3 and 2, respectively. Of the Grade 4 laboratory SAEs, one-fourth
were related to increased transaminases; the rest were due to increased lipase or
amylase or decreased sodium, glucose, or white blood cells (WBC). None of the Grade
4 laboratory events related to renal function. There were only two Grade 3 laboratory
SAEs: one case of increased AST in an FTC/TDF subject and one case of decreased
serum phosphorus in a placebo subject. Overall, the event rates for laboratory SAEs by
type were similar between the two treatment groups and no between-group patterns
were noted.
Increased creatinine as an SAE was reported in 15 (1%) subjects (FTC/TDF 8 [1%],
placebo 7 [1%]). All 8 SAEs of increased creatinine in the FTC/TDF group were DAIDS
Grade 1. Increased creatinine as an SAE of greater than DAIDS Grade 1 was reported
in two subjects in the placebo group (both Grade 2). Hypophosphatemia as an SAE was
reported in only two subjects (Grades 2 and 3), both in the placebo group.
Laboratory SAES considered by the investigator to be related to study drug were
reported for nine subjects total (FTC/TDF 4 [<1%], placebo 5 [<1%]). Among the four
FTC/TDF subjects, three had Grade 1 serum creatinine increases and one had Grade 3
elevated AST. In all four cases in the FTC/TDF group, the laboratory SAE was
considered “possibly related” to study drug. None of the four cases, however, required
permanent study drug discontinuation; study drug was temporally interrupted for two of
the SAEs of increased creatinine and for the one SAE of elevated AST. In all four
cases, the laboratory SAEs resolved.
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distribution of clinical SAEs by severity across the three treatment groups, with slightly
less Grade 3 SAEs in the FTC/TDF group and slightly more Grade 4 SAEs in the
placebo group. The leading Grade 4 clinical SAE was spontaneous abortion, while the
leading Grade 3 event was malaria; for each of these AE preferred terms, the event was
reported in comparable percentages within each treatment group. None of the reported
treatment-emergent clinical SAEs were related to renal function. On the other hand,
there were nine bone fracture SAEs reported among seven partner subjects (TDF 2,
FTC/TDF 2, placebo 3). None of the clinical SAEs, including the bone fractures, was
considered related to study drug by the coordinating center’s safety monitor.
A total of 21 (1%) women reported spontaneous abortions as SAEs in this trial, with
comparable frequencies across the treatment groups based on the number of women
enrolled. SAEs in the Pregnancy, Puerperium and Perinatal Conditions MedDRA SOC
were reported regardless of temporal relationship to study drug. Given the 288
pregnancies reported during the blinded treatment period (TDF 112, FTC/TDF 80,
placebo 96), the rates of spontaneous abortion reported as SAEs by number of
pregnancies were 6%, 10%, and 6% for the three treatment groups, respectively, and
7% for the trial overall. Background miscarriage rates for Kenya and Uganda are
unreliable given the illegal status of induced abortion in those countries, but studies
indicate that the overall rate of spontaneous abortion in recognized pregnancies is 1020%.36 It is worth noting that the Partners PrEP protocol mandated monthly pregnancy
testing in all female partner subjects and that most of the spontaneous abortions where
the age at gestation was known occurred early in the pregnancy (less than 20 weeks).
Thus, it is reasonable to assume that many of the pregnancy losses reported in the trial
were “chemical pregnancies” that would in other settings probably go undetected and
be lost without notice (see Section 7.6.2). Analyses of these events by age, concomitant
medication use, or other factors were not carried out, but the numerical difference
between the groups is small and may represent reporting differences or random
variation.
Nine normal deliveries were also reported as SAEs, but all occurred beyond 30 days
after study drug discontinuation and thus are not considered treatment-emergent by this
reviewer. Congenital ankyglossia was reported among two infants born to female
partner subjects previously treated with TDF; otherwise no congenital disorders were
reported in more than one infant born to a partner subject in any given treatment group.
A total of 81 treatment-emergent laboratory SAEs were reported among 67 partner
subjects, predominantly in the FTC/TDF group (TDF 19 [1%], FTC/TDF 31 [2%],
placebo 17 [1%]). All laboratory SAEs were DAIDS Grade 4. The most common
laboratory SAE was decreased neutrophil count occurring in 1% of total subjects, with a
small numerical predominance in the two active groups compared with the placebo
36

Regan L, Rai R. Epidemiology and the medical causes of miscarriage. Baillieres Best Pract Clin Obstet
Gynaecol 2000; 14 (5):839.
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recur when treatment was resumed. In six partner subjects, Grade 4 laboratory AEs
consisting of decreased neutrophils (FTC/TDF 2), decreased platelets (FTC/TDF 1,
placebo 1), and decreased hemoglobin (FTC/TDF 1, placebo 1) were still ongoing at
exit from the trial, but none of these was considered study drug related by the safety
monitor.

7.3.4 Significant Adverse Events
iPrEx
In iPrEx, treatment-emergent, treatment-related AEs (defined by the investigator as
possibly, probably, or definitely related to study drug) were reported in 332 subjects,
with a slight predominance in the FTC/TDF group (FTC/TDF 188 [15%], placebo 144
[12%]). The vast majority (83%) of these treatment-related AEs were DAIDS Grade 2,
while Grade 1 events made up 9%, Grade 3 events 7%, and Grade 4 events 1%. The
more common treatment-related ≥ Grade 2 AEs were reported under the MedDRA
SOCs of Investigations (FTC/TDF 70 [6%], placebo 81 [7%]), Gastrointestinal Disorders
(FTC/TDF 48 [4%], placebo 40 [3%]), Nervous System Disorders (FTC/TDF 26 [2%],
placebo 16 [1%]), Metabolism and Nutrition Disorders (FTC/TDF 27 [2%], placebo 14
[1%]), and Psychiatric Disorders (FTC/TDF 10 [1%], placebo 17 [1%]).
Treatment-related clinical AEs were reported in 152 subjects (FTC/TDF 87 [7%],
placebo 65 [5%]). All treatment-related clinical AEs were at least DAIDS Grade 2 in
severity, with only seven (<1%) subjects total experiencing Grade 3 or 4 treatmentrelated clinical AEs (FTC/TDF 3, placebo 4).
Treatment-related laboratory AEs were reported in 206 subjects (FTC/TDF 111 [9%],
placebo 95 [8%]). Most treatment-related laboratory AEs were Grade 2, with 28 subjects
experiencing Grade 3 or 4 treatment-related laboratory events (Grade 3: FTC/TDF 14
[1%], placebo 11 [1%]; Grade 4: TDF/FTC 0, placebo 3 [<1%]).
The most common treatment-related AE ≥ DAIDS Grade 2 by MedDRA PT was
hypophosphatemia, with equal proportions in the two treatment groups (FTC/TDF 27
[2%], placebo 29 [2%]). However, when this PT was pooled with the second most
common treatment-related ≥ Grade 2 AE, “blood phosphorus decreased”, low serum
phosphorus as a treatment-related AE was reported slightly more frequently in the
FTC/TDF group (FTC/TDF 53 [4%], placebo 42 [3%]). Ninety percent of these low
serum phosphorus events were Grade 2, while the remaining 10% were Grade 3. Other
treatment-related AEs that occurred more frequently in the FTC/TDF group compared
with the placebo group were headache and migraine and several gastrointestinal
disorders (e.g. diarrhea, nausea, gastroenteritis). The MedDRA PTs of “blood creatinine
increased” and “bone density decreased” were reported in two subjects each in the
FTC/TDF group compared to one subject each in the placebo group. On the other hand,
“proteinuria” was reported in four subjects in the placebo group compared with two
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AST increased
ALT increased
Proteinuria
Blood bilirubin increased
White blood cell count decreased
Diarrhea
Blood creatinine increased
Gastroenteritis
Abdominal pain
Abdominal pain upper
Asthenia
Respiratory tract infection
Glycosuria
Hypertension
Fatigue
Malaria

13 (1)
9 (1)
6 (<1)
4 (<1)
2 (<1)
3 (<1)
3 (<1)
2 (<1)
0
2 (<1)
2 (<1)
2 (<1)
1 (<1)
0
2 (<1)
0

13 (1)
6 (<1)
10 (1)
4 (<1)
3 (<1)
3 (<1)
0
2 (<1)
2 (<1)
0
1 (<1)
1 (<1)
0
0
0
0

15 (1)
8 (1)
7 (<1)
4 (<1)
4 (<1)
2 (<1)
5 (<1)
0
1 (<1)
1 (<1)
0
0
2 (<1)
3 (<1)
0
2 (<1)

41 (1)
23 (1)
23 (1)
12 (<1)
9 (<1)
8 (<1)
8 (<1)
4 (<1)
3 (<1)
3 (<1)
3 (<1)
3 (<1)
3 (<1)
3 (<1)
2 (<1)
2 (<1)

Abbreviations: ALT = alanine aminotransferase; AST = aspartate aminotransferase
Source: Study CO-US-104-0380 ADAE dataset

When the analysis of common treatment-related AEs was limited to DAIDS Grade 3-4
events, the results were similar to those found in Table 28, with the same types of AEs
in the same descending order of frequency but with lower rates. The main difference
was that all DAIDS Grade 3-4 AEs in more than 1 subject in any treatment group were
in the Investigations SOC (i.e., laboratory toxicities).

7.3.5 Submission Specific Primary Safety Concerns
This section summarizes adverse events of interest related to the use of FTC/TDF, with
specific reference to bone and renal safety and hepatic flares in subjects with HBV
infection.
Renal
No events of Fanconi syndrome were reported in either the iPrEx or Partners PrEP
trials. There were, however, a small number of cases that were possibly suggestive of
proximal renal tubulopathy, as determined by the presence of concurrent proteinuria,
glycosuria, and hypophosphatemia. In the iPrEx trial, there were seven such cases
(FTC/TDF 5, placebo 2) and in the Partners PrEP trial there were five cases (TDF 2,
FTC/TDF 1, placebo 2). The small number of cases, however, precludes definitive
conclusions. See Section 7.4.2 for further discussion of these cases.
In the iPrEx trial, the rates of treatment-emergent AEs of the Renal and Urinary
Disorders SOC were equal between treatment groups (FTC/TDF 73 [6%], placebo 73
[6%]). None of these AEs was serious and all were Grade 1 or 2, except for four AEs in
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¾ and graded low PO4
¾ and BMD loss >5%

5/6
2/5

2/4
0

2/2
N/A

1/2
N/A

2/3
N/A

Abbreviations: BMD = bone mineral density; PO4 = serum phosphorus
* Includes Subject 8831412 who permanently discontinued FTC/TDF due to increased serum creatinine
Source: Study CO-US-104-0288 DERLAB, DERBONE, and UA datasets and Study CO-US-104-0380
ADSAFETY and RENTOX datasets

Because clinicians will often report small increases in serum creatinine with TDF use
that do not meet criteria for a graded elevation in a clinical trial, and that often do not
appear to resolve, FDA further conducted a categorical analysis of elevated serum
creatinine across the clinical trials for which laboratory data were available: iPrEx,
Partners PrEP and CDC 4323. For the Partners PrEP trial, the TDF-containing groups
were pooled. Also included in the analysis was the iPrEx cohort predicted to be highly
adherent based on PK subgroup analysis, namely subjects who were 25 years of age or
older, with secondary education or higher, and who reported URAI at baseline. A 20%
increase in serum creatinine from baseline over multiple visits (more than two visits or
any two consecutive visits not including unscheduled confirmatory visits) was chosen as
the cut-off for the categorical analysis. Correlations between increased serum creatinine
and other markers of renal tubulopathy and bone demineralization were then assessed.
As shown in Table 31, a small but consistent imbalance was observed across the three
trials between the TDF-containing groups and placebo groups in the proportions of
subjects with increased serum creatinine. The differences were greatest in the CDC
4323 and Partners PrEP trials. Within each trial, there was no significant difference in
mean age between the treatment and placebo groups for subjects with increased
creatinine. Mean increases in serum creatinine of ≥20% from baseline were also
observed at one year in both the CDC 4323 and Partners PrEP trials, but not in the
iPrEx trial. The lower mean change from baseline in the iPrEx trial (9-11%) may reflect
the poorer adherence in that trial, even among those subjects predicted to be more
compliant with dosing, where mean change from baseline at one year was 6-14%.
Where urinalysis data were available, there did not appear to be a correlation between
increased serum creatinine and the incidence of proteinuria or glycosuria. Mean serum
phosphorus values also did not change significantly from baseline within this cohort.
Furthermore, increase creatinine did not seem to correlate with increased levels of
alkaline phosphatase, nor were there significant differences between the active and
placebo arms with respect to alkaline phosphatase increases regardless of creatinine
elevation. Note that these are exploratory analyses and the sample sizes may be too
small to detect differences.

122
Reference ID: 3158507

Clinical Review
Peter S. Miele, M.D.
NDA 21-752/S-30
TRUVADA® (emtricitabine/tenofovir disoproxil fumarate)
Bone
In the iPrEx trial, a total of 38 subjects reported bone fractures (FTC/TDF 21 [2%],
placebo 17 [1%]). The bone fractures were generally reported to be traumatic in nature
(e.g., motor vehicle accident, injuries from physical activities) and did not appear to be
pathologic. Fractures typically occurred in the extremities and were consistent with
traumatic injury. No evidence of impaired or delayed fracture healing was apparent
when post-fracture follow-up information was available. Among subjects with bone
fractures, only two had toxicity-emergent, confirmed graded hypophosphatemia by
either the DAIDS or GSI toxicity schemes (FTC/TDF 1, placebo 1); the subject in the
FTC/TDF group (Subject 9534020) with hypophosphatemia had traumatic wrist and
radial fractures. Back pain was reported by 5% of subjects in this trial, with equal
distribution between the two groups. Back pain did not appear to correlate with graded
hypophosphatemia. Bone pain was only reported by one subject (in the placebo group).
In the Partners PrEP trial, 32 subjects had 35 bone fractures (TDF 10, FTC/TDF 9,
placebo 13); none were considered drug related or pathological and 34/35 of the
fractures were trauma-related (a left tibia fibula fracture in a placebo subject is missing
additional information). There were 11 fractures of upper extremities, including 1 wrist
fracture (Colles’ fracture) in a FTC/TDF subject, but all were trauma-related. None of
these 32 subjects had any graded serum chemistry abnormalities reported. Back pain
was uncommon in this trial, reported by only 14 subjects (<1%), and bone pain was
limited to one subject in the FTC/TDF group (Grade 2). Neither back nor bone pain
appeared to correlate with serum chemistry abnormalities.
In the CDC 4323 trial, 14 subjects reported bone fractures (TDF 9, placebo 5). None of
the bone fractures was considered drug-related. One subject in the immediate TDF
group (Subject S197) had multiple vertebral fractures reported after a paragliding
accident. Two additional subjects in the same group also reported wrist fractures. Bone
pain as an AE was not reported in this trial.
In CDC 4323 trial, back pain was more likely among TDF recipients (TDF 27 [13%],
placebo 14 [7%]). Nine subjects with back pain also had hypophosphatemia (TDF 8,
placebo 1). The hypophosphatemia in these cases was ≥ DAIDS Grade 2, although only
one subject (in the TDF group) had Grade 3 low serum phosphorus. New onset back
pain was reported by 18 (9%) subjects in the TDF group compared with 10 (5%)
subjects in the placebo group. None of the cases of new onset back pain was
associated with vertebral fractures. Back pain and bone fracture (hand fracture)
together were only reported in one subject (Subject 198). FDA review of the cases of
new onset back pain showed no differences in terms of mean change in serum
creatinine, serum phosphorus, alkaline phosphatase, or BMD from baseline between
the treatment groups (Table 32). FDA also looked at adverse events in the
Musculoskeletal and Connective Tissue SOC and did not find an imbalance between
the TDF and placebo groups.
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Figure 10: Categorical Analysis of Bone Mineral Density Loss at End of Treatment (24 Months)
Compared to Baseline (Study CO-US-104-0277)

Source: NDA 21-752/S-30 Integrated Summary of Safety
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BMD data from the CDC TDF2 study in heterosexual adult men and women in
Botswana confirm the bone safety trends noted in the iPrEx and CDC 4323 trials.39
Among 221 participants enrolled into the bone densitometry sub-study, there were
minimal but statistically significant declines in BMD T scores and Z scores at the
forearm, hip, and lumbar spine in participants receiving TDF-FTC compared with
placebo (P=0.004 for forearm and P<0.001 for hip and lumbar spine). Five participants
in the TDF-FTC group and four in the placebo group experienced a bone fracture during
study participation (P=0.69).
When the results of the FDA categorical analysis of elevated serum creatinine are
applied to the DEXA findings of CDC 4323, it appears that about half of subjects in the
CDC 4323 trial with creatinine increases also had elevations in alkaline phosphatase
(Table 31). This finding was not observed in the iPrEx trial, and may have been related
to the younger mean age of iPrEx participants or other factors. Similar elevations in
alkaline phosphatase, however, were also observed among subjects without increased
creatinine.
Nonetheless, among subjects with increased creatinine, there was a two-fold difference
between the TDF and placebo groups in the percentage of subjects with ≥3% BMD loss
at either the hip or lumbar spine (Table 34). This was in contrast to subjects without
creatinine increases, where the percentages were 57% vs. 45% for TDF and placebo,
respectively. For all subjects with BMD loss, with or without increased creatinine,
elevations in alkaline phosphate were seen more frequently with TDF than placebo. No
difference was observed between the treatment groups in use of concomitant
medications, such as non-steroidal anti-inflammatory agents or acyclovir.

39

Thigpen MC, Kebaabetsew PM, Paxton LA, et al. Antiretroviral preexposure prophylaxis for
heterosexual HIV transmission in Botswana. N Engl J Med 2012. DOI:10.1056/NEJMoa1110711
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Treatment-related laboratory AEs
Treatment-related laboratory AEs Grade 3,4
Laboratory AEs that led to permanent
discontinuation of study drug
Treatment-related laboratory AEs that led to
permanent discontinuation of study drug

111 (9)
14 (1)

95 (8)
14 (1)

206 (8)
28 (1)

7 (1)

7 (1)

14 (1)

3 (<1)

3 (<1)

6 (<1)

Any SAE
Any clinical SAE
Treatment-related clinical SAEs
Any laboratory SAE
Treatment-related laboratory SAEs

83 (7)
70 (6)
1 (<1)
19 (2)
4 (<1)

82 (7)
68 (5)
1 (<1)
18 (1)
5 (<1)

165 (7)
138 (6)
2 (<1)
37 (1)
9 (<1)

Deaths

2 (<1)

7 (1)

9 (<1)

Abbreviations: AE = adverse event; SAE = serious adverse event
Source: Study CO-US-104-0288 DERAE dataset

The most commonly reported AEs in the iPrEx trial were under the following SOCs:
Infections and Infestations, Investigations, Gastrointestinal Disorders, Psychiatric
Disorders, and Injury, Poisoning and Procedural Complications. The rates of commonly
reported AEs were generally comparable between the FTC/TDF and placebo groups.
Treatment-emergent clinical AEs that occurred at a frequency ≥2% and that had a
higher rate of reporting in the FTC/TDF group than in the placebo group were syphilis
and secondary syphilis (each FTC/TDF 5%, placebo 4%); abdominal pain (FTC/TDF
4%, placebo 2%); tinea cruris and gastroenteritis (FTC/TDF 3%, placebo 2%); weight
decreased (FTC/TDF 3%, placebo 1%); and fungal skin infection, cellulitis,
gastrointestinal infection, tinea pedis, nausea, dyspepsia, and insomnia (each FTC/TDF
2%, placebo 1%). Using the iPrEx team-defined evaluation windows (i.e., all treatmentemergent events through the November 21, 2010 cut-off date, regardless of whether
study drug had been discontinued for > 30 days), the following AEs were noted to occur
at a statically significant higher frequency within the FTC/TDF group compared with the
placebo group: abdominal pain (47 subjects FTC/TDF, 25 subjects placebo; p=0.01)
and weight decreased (34 subjects FTC/TDF, 19 subjects placebo; p=0.04). Table 36
tabulates the most common clinical AEs by MedDRA SOC and PT occurring in ≥5% of
subjects in either treatment group, using the Applicant’s definition of treatmentemergent (i.e., AEs occurring during treatment or within 30 days of stopping study
drug).
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In contrast, glycosuria of any degree was infrequent, reported in only 46 subjects
(FTC/TDF 20 [2%], placebo 26 [2%]) at any visit. Most events of glycosuria were trace
or 1+ on urine dipstick and the majority were isolated findings. One subject in the
FTC/TDF group (Subject 9433750), however, interrupted study drug for persistent
glycosuria in association with hypophosphatemia.
Twelve subjects, six in each group, had evidence of both glycosuria and proteinuria
identified at some point during the trial, although not necessarily at the same visit; none
of these had creatinine elevations. Ten of these subjects (FTC/TDF 6, placebo 4),
however, did have both glycosuria and proteinuria identified at the same study visit,
among which seven subjects (FTC/TDF 5, placebo 2) eventually developed toxicitygraded hypophosphatemia. In five of these subjects (all in the FTC/TDF group), the UA
abnormalities preceded or were reported in conjunction with the onset of
hypophosphatemia. Most of the UA abnormalities were either trace or 1+ on urine
dipstick. Only three (FTC/TDF 1, placebo 2) with concurrent proteinuria and glycosuria
had ≥1+ protein and ≥1+ glucose, but all three were also hyperglycemic at the time.
Even so, the one subject in the FTC/TDF group (Subject 9534566) also had Grade 1
hypophosphatemia at the time of the UA abnormalities.
Of the five subjects with concurrent glycosuria, proteinuria, and hypophosphatemia,
none had reports of back pain, bone pain, or bone fractures, as might be seen with
osteomalacia, although one subject in the FTC/TDF group (Subject 9433008) was found
to have >5% BMD loss compared to baseline at the spine at Weeks 24 and 72 during
treatment. This subject’s UA and serum phosphorus abnormalities were not detected
until Week 60. An additional subject with proteinuria, glycosuria and hypophosphatemia
in the FTC/TDF group (Subject 9433240) was found to have a >5% decrease in BMD at
the spine on post-treatment scan, a year after discontinuing study drug.
In summary, although no cases of clinical renal failure or Fanconi syndrome were
reported in the iPrEx trial, five subjects in the FTC/TDF group were identified with
concurrent glycosuria, proteinuria, and hypophosphatemia compared with two subjects
in the placebo group. Among the five FTC/TDF subjects, two also had evidence of BMD
decreases from baseline at the spine, although the timing between the renal and bone
findings does correlate strongly. Nonetheless, these cases are potentially concerning for
the presence of subclinical proximal renal tubulopathy. The limited number of cases,
however, precludes any reliable conclusions; any suggestion regarding the possibility of
mild or partial proximal renal tubulopathy occurring in this trial remains speculative at
this point.
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As can be seen in Table 50, rates of UA abnormalities were generally consistent across
treatment groups. Over 50% of the proteinuria events in any group were isolated
findings and most were trace or 1+. Proteinuria ≥1+ on urine dipstick was observed in
3% of partner subjects in any treatment group. Glycosuria, in contrast, was uncommon
and reported in less than 1% of subjects overall, with no discernable differences
between groups.
Thirteen subjects had findings of proteinuria or glycosuria at any visit during follow-up
(TDF 5, FTC/TDF 3, placebo 5), among which seven subjects had both proteinuria and
glycosuria at the same study visit (TDF 2, FTC/TDF 2, placebo 3). Six of these seven
subjects were male and median age was 35 years old (range 28 to 61 years). Five of
these seven subjects had concurrent ≥1+ proteinuria and ≥1+ glycosuria and toxicityemergent hypophosphatemia (TDF2, FTC/TDF 1, placebo 2). Serum glucose levels
were not included in the submitted datasets for this trial; therefore, the glycemic state of
these subjects at the time of the UA findings could not be determined. None of the
seven subjects had increased serum creatinine levels, although one subject in the
FTC/TDF group (Subject 5531519) had a reported estimated creatinine clearance of 69
mL/min at the time of the UA abnormalities (baseline creatinine clearance 76 mL/min).
None of the subjects had reports of bone pain, back pain or bone fractures.
The small number of subjects with concurrent ≥1+ proteinuria and glycosuria and
hypophosphatemia and the comparable rates among the treatment groups make
interpretation of these findings difficult and preclude any reliable conclusions regarding
possible evidence of proximal renal tubulopathy in this trial.

7.4.3 Vital Signs
As noted in Section 7.4.1, the incidence of weight loss in the iPrEx trial was higher in
the FTC/TDF group than in the placebo group (3% versus 1%, respectively). In contrast,
no significant differences in weight changes were noted among the treatment groups in
the Partners PrEP trial. Otherwise, no patterns in vital sign changes or physical findings
suggestive of a treatment-related effect were apparent in the pivotal trials.

7.4.4 Electrocardiograms (ECGs)
No routine ECG monitoring was performed during the pivotal or supportive trials.

7.4.5 Special Safety Studies/Clinical Trials
Safety data from the CDC 4323 trial in U.S. MSM were reviewed in support of this
application. Key renal and bone findings from CDC 4323 were incorporated into Section
7.3.5 where relevant.
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In the CDC 4323 trial, 373 (93%) participants were randomized and dispensed study
drug at least once. This was an older cohort of MSM compared with the overall iPrEx
population, with a mean age of 37 years. Overall, 331 participants (83%) completed all
study visits. Median drug exposure as determined by pill count was 92% (range 7998%); by MEMS, it was lower at 77% (range 57-92%). Of the 373 subjects who received
study drug, 91% reported AEs; most of which (96%) were mild or moderate in severity.
A total of 102 ≥ Grade 3 AEs occurred among 64 participants, with comparable rates
between the groups; only about a third of these AEs were considered drug-related.
Frequencies of commonly reported AEs did not differ significantly between the TDF and
placebo groups. As noted in Section 7.3.5, back pain was reported more frequently in
the TDF group. Nausea also occurred mildly more frequently in the TDF group
compared with the placebo group (13% versus 8%, respectively). With respect to renal
safety, no ≥ Grade 3 creatinine elevations were noted in the trial per the GSI grading
scheme. Grade 1 and 2 elevations were uncommon, and occurred with similar
frequency in the TDF and placebo groups: ten Grade 1 creatinine elevations (TDF 4
[2%], placebo 6 [3%]) and two Grade 2 elevations (TDF 1 [1%], placebo 2 [1%]) (see
Table 29). Confirmed elevated creatinine values of ≥0.5 mg/dL over baseline occurred
in two participants; both were in the placebo group and both were discontinued from
study drug per the protocol. Mild to moderate hypophosphatemia was relatively
common among study participants, and occurred with similar rates between the two
groups (see Table 29). As noted in Section 7.3.5, a greater proportion of subjects in the
TDF group than in the placebo group had ≥3% BMD decreases at the total hip and
spine at the end of treatment compared to baseline. TDF was associated with small but
statistically significant BMD loss compared to baseline at the femoral neck (-1.1%) and
total hip (-0.8%). Fractures were uncommon and predominately trauma-related (TDF 9,
placebo 5).

7.4.6 Immunogenicity
The immunogenicity potential of FTC/TDF was not explored in these trials.
7.5 Other Safety Explorations

7.5.1 Dose Dependency for Adverse Events
Only one dosing regimen of FTC/TDF was evaluated in the pivotal trials; therefore,
analysis of dose dependency for AEs was not applicable. Among subjects with available
PK data, no correlation was observed between detectable blood concentrations and
incidence of key adverse events; however, the number of these subjects was limited.

7.5.2 Time Dependency for Adverse Events
The more significant AEs associated with FTC/TDF are renal and bone toxicity. In the
iPrEx trial, median time to creatinine toxicity was 25 weeks (IQR 12-68 weeks). Median
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such as “gastritis”, “dyspepsia”, or “vomiting”, are included in the analysis of nausea, the
rates for the entire follow-up are still only 4% and 2% for the FTC/TDF and placebo
groups, respectively. As with the reports of skin darkening, it appears that the monthly
questionnaires captured more information than what is reflected by the AE reports.
Nausea in the Partners PrEP trial, on the other hand, was not a significant finding and
was reported as an AE in only one subject (in the FTC/TDF group).
In the iPrEx trial, both treatment groups experienced a mean increase in body weight of
between 3% and 4% by the end of 96 weeks. DEXA assessments of limb fat, trunk fat,
and total body fat for subjects who participated in the substudy (N=503) were generally
consistent with the on-study assessments of body weight. A slower increase in body
weight was observed among subjects on FTC/TDF compared with subjects on placebo
through the first 12 weeks; thereafter, observed body weight was balanced between the
treatment groups during follow-up.

7.5.3 Drug-Demographic Interactions
In subgroup analyses by race and region, there were some differences in AE incidence
by race and region in the iPrEx trial, but given the general balance between the
treatment groups there were no notable differences that appeared to be attributable to
study drug. For instance, treatment-emergent clinical SAEs were more common in
subjects in North America (11% in both treatment groups) compared with other regions
(range 2-7%). The results, however, were balanced between the FTC/TDF and placebo
groups. By race, no notable differences were observed between treatment groups or
across racial groups in the incidence of SAEs. The study population of the Partners
PrEP trial, on the other hand, was racially homogenous and from the same region of
eastern Africa (Kenya and Uganda) and, therefore, does not lend itself to subgroup
analyses by race or region.
In subgroup analyses by gender in the Partners PrEP trial, the incidence for most
treatment-emergent AEs was balanced between men and women and between
treatment groups by gender (Table 51). For SAEs, there was a slightly greater incidence
among female subjects in the FTC/TDF group (10%) than among male subjects in the
FTC/TDF groups of either the Partners PrEP or iPrEx trial (range 6-7%), but the
percentage was comparable to the placebo group (8%). This difference in SAE rates
may be in part due to the number of women with AEs in the Pregnancy, Puerperium,
and Perinatal Conditions SOC (N=83; TDF 28, FTC/TDF 30, placebo 25), among which
21 women had spontaneous abortions reported as SAEs (TDF 7, FTC/TDF 8, placebo
6) (see Section 7.3.2). There were also differences by gender in the incidence of clinical
AEs and AEs related to creatinine toxicity, but the rates between the active and placebo
treatment groups were balanced within each gender. Also, the reported incidence of
AEs related to creatinine elevation was higher than the rates of confirmed creatinine
increases. For confirmed creatinine increases, the rates were comparable between the
treatment groups and by gender. Nonetheless, of the seven subjects who permanently
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up to 2000 mg/kg when administered to male mice. Long-term carcinogenicity studies of
FTC in rats and mice did not show any carcinogenicity potential. Emtricitabine was not
mutagenic or clastogenic in conventional genotoxicity assays.
Given the relatively short duration of follow-up in these pivotal trials, evaluation of
human carcinogenicity was not an objective. In the iPrEx trial, there were only two
reports of malignancy, both involving lymphoma and both occurring in the FTC/TDF
group: one case of non-Hodgkin’s lymphoma in a 21-year-old subject reported on Study
Day 910 and one case of angiocentric lymphoma in a 38-year-old subject reported on
Study Day 542. Neither case was considered to be related to study drug. In the Partners
PrEP trial, three cases of malignancy were reported during follow-up, all in the placebo
group: one case of cervical cancer in a 40-year-old woman, one case of Kaposi’s
sarcoma in 53-year-old man, and one case of esophageal carcinoma in a 59-year-old
man.

7.6.2 Human Reproduction and Pregnancy Data
TRUVADA is classified as a Pregnancy Category B agent. No evidence has been
identified to date for an increased risk for teratogenic effects or adverse pregnancy
outcomes associated with the use of FTC or TDF, alone or in combination; however, no
adequate and well-controlled trials have been conducted in pregnant women.
Limited human reproduction and pregnancy data were available from the Partners PrEP
trial. Evaluation of the effect of FTC/TDF or TDF on pregnancy was not an objective of
this trial. All female partner subjects who became pregnant during treatment were
instructed to immediately interrupt study drug for the duration of the pregnancy and
while breastfeeding. Therefore, the duration of drug exposure during pregnancy was
limited.
As of the July 10, 2011 data cut-off date, 288 pregnancies were reported in 267 women
(TDF 112 [18%], FTC/TDF 74 [13%], placebo 88 [14%]). The incidence of pregnancy
(per 100 female partner subject-years) was lowest in the FTC/TDF group (8.8)
compared with the other two groups (TDF 11.9, placebo 10).
In the 120-day safety update submitted to this supplement on March 16, 2012 (data cutoff January 31, 2012), updated pregnancy data were provided for the 288 pregnancies.
A total of 262 (91%) pregnancies had completed as of the update; 64% resulted in live
births and 36% resulted in pregnancy loss. Spontaneous abortion, where the age at
gestation was known, tended to occur less than 20 weeks into the pregnancy. It should
be noted that it is not always possible to clearly distinguish between induced abortion
and spontaneous abortion or miscarriage in this setting, specifically since medical
abortion is not legal in either Kenya or Uganda. In addition, because the protocol
mandated monthly pregnancy testing, many of the pregnancies reported in the trial were
very early pregnancies (“chemical pregnancies”) that would in other settings probably
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8 Postmarket Experience
There are no postmarketing data pertaining to the use of TRUVADA or TDF as PrEP.
As part of this review, the DAVP requested the Division of Pharmacovigilance (DPV) to
conduct data mining of the postmarketing Adverse Event Reporting System (AERS)
database for TDF and the hepatitis B indication. This was done to inform the risk/benefit
assessment for a PrEP indication as HBV patients were considered to be more
representative of healthy individuals than HIV-1 infected patients. The data mining
included AE cases through February 16, 2012. Twenty-three reports of renal failure
were identified using the preferred terms of “renal failure”, “blood creatinine increased”,
“acute renal failure”, “Fanconi syndrome”, and “Fanconi syndrome acquired”. Fifteen of
the 23 cases reported pre-existing renal impairment, diabetes mellitus, prior renal
toxicity with adefovir, or renal events in conjunction with deteriorating liver function.
Thirteen of the 23 cases had a positive dechallenge with TDF and one had a positive rechallenge. Overall, there were four reports of Fanconi syndrome, but all four were
confounded by co-morbid conditions or concurrent illness. In addition, one case of acute
renal failure was also identified in a healthy individual taking FTC/TDF for post-exposure
prophylaxis.
Nine additional cases were reported under preferred terms “osteoporosis”, “osteopenia”,
and “osteomalacia” in HBV patients, two of which had fractures. One of these cases
involving multiple atraumatic fractures in a patient with previous history of vertebral
fractures on adefovir therapy had a diagnosis of secondary osteomalacia and was
included among the four cases of Fanconi syndrome. Most cases of bone-related
adverse events, however, were either confounded by co-morbid conditions or lacked
sufficient information to make a determination of causality.
In addition to the above postmarketing information, the three-year safety data from the
original registrational trials of TDF for HBV (Studies 102 and 103), which were openlabel after Week 48, were consistent with the known safety profile of the drug.42 In this
cohort of 527 subjects, creatinine and creatinine clearance remained stable over 3
years, with a mean change in creatinine of -0.02 mg/dL at Week 144. One subject had a
serious AE related to increased creatinine (in the setting of chronic hypertension), which
resolved after dose reduction to every other day, and one subject discontinued TDF due
increased creatinine (unconfirmed 0.5 mg/dL increase). An additional two subjects
experienced a ≥0.5 mg/dL increase in serum creatinine, but both remained on study
through Week 144, after dose reduction. Decrease in serum phosphorus <2 mg/dL was
experienced by four subjects (<1%), which resolved on continued TDF therapy without

42

Heathcote EJ, Marcellin P, Buti M, et al. Three-year efficacy and safety of tenofovir disoproxil fumarate
treatment for chronic hepatitis B. Gastroenterology 2011;140:132–143.
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9 Appendices

9.1 Literature Review/References
A literature review of the epidemiology of HIV in the United States was conducted to
evaluate the unmet need the proposed indication seeks to meet. Additionally, literature
regarding the nephrotoxicity associated with tenofovir use was reviewed to inform the
review of safety for this application and to provide background for the Advisory
Committee. Other literature references are footnoted as they occur in the body of this
review.
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Clinical Trials of Oral Pre-Exposure Prophylaxis
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9.2 Labeling Recommendations
At the time of this writing, labeling negotiations are still in progress and final labeling has
not been established. This section provides a summary of the FDA recommended major
changes to the Applicant’s proposed labeling with justification for each. The
recommended changes are in blue and edits to the Applicants language are in track
changes.
Proposed Language from Applicant

FDA Proposed Changes

16 pages of draft labeling have been withheld immediately following this page as b4 (CCI/TS)
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9.3 Advisory Committee Meeting
An Antivirals Drugs Advisory Committee (AVDAC) meeting was convened on May 10,
2012. Prior to the meeting, the members and temporary voting members were provided
the background materials from the FDA and the Applicant. The following topics were
proposed by FDA for discussion:
1. Does the current application support a favorable risk-benefit assessment
adequate to approve TRUVADA® for a PrEP indication in:
a. HIV-uninfected men who have sex with men (MSM)?
b. HIV-uninfected partners in serodiscordant couples?
c. Other individuals at risk for acquiring HIV through sexual activity?
If no, what additional data are needed to support a favorable risk-benefit
assessment adequate to approve TRUVADA for this indication?
If yes, please address the following topics:
2. Discuss laboratory testing during administration of TRUVADA for a PrEP
indication.
a. How frequently should HIV testing be recommended?
b. Which safety assessments and how frequently should safety monitoring
be recommended?
3. Please comment on the following aspects of the Applicant’s proposed Risk
Evaluation and Mitigation Strategy (REMS).
a. Prescriber education program including appropriate target prescribers.
b. What metrics could be considered in the REMS assessment?
c. What additional strategies could be used to improve the REMS?
4. Should any postmarketing studies be conducted (e.g. emergence of drug
resistance, behavioral changes, patterns of use)?
5. Does the currently available evidence on the efficacy of TRUVADA for a PrEP
indication make the conduct of placebo-controlled trials of primary HIV prevention
unethical?
The AVDAC meeting ran for over 12 hours, in large part due to the number of
presentations from the FDA and the Applicant, the number of Open Public Hearing
speakers (a total of 37), and the length of the ensuing discussion. Below is a summary
of the meeting and key points discussed by members of the committee.
•

The majority of the committee agreed that the current application supports a
favorable risk-benefit assessment adequate to approve TRUVADA for a PrEP
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indication in HIV-uninfected MSM (question #1a) and in HIV-uninfected partners
in serodiscordant couples (question #1b). Those who voted “Yes” stated that
there was positive efficacy data demonstrated in both populations. Those who
voted “No” noted concerns about placing individuals at undue risk and also
expressed that there was not sufficient efficacy data because there was a limited
number of African-American MSM subjects and lack of African-American female
representation in the trials. For question #1c, more than half of the committee
members agreed that the current application supports a favorable risk-benefit
assessment adequate to approve TRUVADA for a PrEP indication in other
individuals at risk for acquiring HIV through sexual activity. Those who voted
“Yes” agreed that the benefit was greater than the risk. Those who voted “No” or
abstained stated that there was inadequate data for this indication.
•

There was a general consensus that further efficacy and safety data are needed
through postmarketing observational studies to address long-term use of
TRUVADA in terms of kidney toxicity and development of drug resistance.

•

There was a general consensus that baseline HIV testing is crucial. Repeat
testing was recommended at a frequency of every two to four months.

•

Committee members recommended the following safety assessments:
o Hepatitis B virus testing at baseline. This would be an opportunity to
vaccinate susceptible patients.
o Baseline renal function test and frequent monitoring of renal function,
including monitoring for evidence of proximal tubulopathy. It was
recommended that testing be performed more often in patients with risk
factors for kidney disease such as diabetes, hypertension, hepatitis C, and
injection drug use.
o Testing for STIs.
o Baseline bone mineral density test and routine monitoring.
o Monitoring for drug resistance.

•

Several committee members stated that a negative HIV test should be a
requirement in the REMS. FDA noted that such a requirement would essentially
result in restricted distribution, negatively impacting the availability of the
TRUVADA for both treatment and prevention. FDA provided reasons for why
restricted distribution would not be feasible or appropriate for this indication given
the current availability of the drug for treatment. The committee thus
recommended that the Applicant take a more active approach to educating
prescribers and consumers. Recommendations included:
o Creating a checklist and/or contract between provider and consumer
detailing the expectations of each
o Involving the community in creating materials for patients and physicians.

184
Reference ID: 3158507

Clinical Review
Peter S. Miele, M.D.
NDA 21-752/S-30
TRUVADA® (emtricitabine/tenofovir disoproxil fumarate)
o Utilizing interpersonal communication by having community advocacy
groups, organizations, and professional societies serve as mentors and
role models.
o Incorporating testimonials in education programs and marketing tools.
o Educating non-HIV health care providers on how to recognize the
symptoms of acute HIV seroconversion.
o Continuing education (CE) programs to attract health care providers who
need CE credits to retain their professional license.
o Creating effective social marketing campaigns to educate patients.
•

The committee recommended that the REMS assessment be proactive and
forceful. The following metrics in the REMS assessment were recommended:
o Create a method to capture data on how many prescriptions are written for
TRUVADA for the PrEP indication.
o Obtain data on the appropriateness in which a physician prescribes
TRUVADA for the PrEP indication. Physician registries were
recommended to capture this data.
o Create a tool to capture noncompliance, including reasons for
noncompliance and/or discontinuation of drug.
o Assess each point in the CDC interim guidance for use of PrEP in MSM

•

Due to time limitations, topics 4 and 5 were not addressed at length.

Internal FDA discussions were held following the AVDAC, including a Center Director
Debriefing, to discuss the AVDAC recommendations for the REMS. There was general
agreement that the prescriber training and educational materials should be
strengthened to more actively educate prescribers and individuals about the known and
potentially serious risks associated with use of TRUVADA for a PrEP indication.
However, the DRISK, DAVP, senior OSE, and CDER leadership concurred that
restrictions on access to TRUVADA for a PrEP indication were not feasible based on
the current availability of the product and the individual moieties in the United States.
9.4 Proposed Demonstration Projects
Because the effectiveness of any biomedical intervention is dependent on its uptake
and adherence by the target populations, the use of TRUVADA for a PrEP indication is
in some ways also a behavioral intervention. Clinical trials, however, may not entirely
predict usage and compliance with a bio-behavioral intervention in a real-world setting.
For this reason, several translational studies have been proposed to characterize the
implementation of oral PrEP and evaluate the acceptability, use, and adherence to
prevention strategies that include TRUVADA for a PrEP indication. The following table
lists the demonstration projects being proposed at the time the application was
submitted. A variety of different investigators will be sponsoring these projects. It is
estimated that up to 30,000 individuals will be participating in these demonstration
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projects; the Applicant will be seeking access to the data from these projects. Some of
these projects will provide information related to seroconversion, including presence or
absence of symptoms of acute retroviral syndrome, screening methods, and resistance
analyses in seroconverters. Others will provide information related to adherence via
surveys and attitudes towards PrEP. The Applicant, for example, is proposing its own
demonstration project to capture the demographics and knowledge, attitude, and
behaviors of prescribers and individuals using TRUVADA for a PrEP indication.

186
Reference ID: 3158507

--------------------------------------------------------------------------------------------------------This is a representation of an electronic record that was signed
electronically and this page is the manifestation of the electronic
signature.
--------------------------------------------------------------------------------------------------------/s/
---------------------------------------------------PETER S MIELE
07/12/2012
KENDALL A MARCUS
07/13/2012

Reference ID: 3158507

CLINICAL FILING CHECKLIST FOR NDA/BLA or Supplement
NDA/BLA Number: 21-752/S-30 Applicant: Gilead Sciences, Inc.
Drug Name: Truvada®

Stamp Date: December 15, 2011

NDA/BLA Type: Efficacy Supplement

On initial overview of the NDA/BLA application for filing:
Content Parameter
FORMAT/ORGANIZATION/LEGIBILITY
1. Identify the general format that has been used for this
application, e.g. electronic CTD.
2. On its face, is the clinical section organized in a manner to
allow substantive review to begin?
3. Is the clinical section indexed (using a table of contents)
and paginated in a manner to allow substantive review to
begin?
4. For an electronic submission, is it possible to navigate the
application in order to allow a substantive review to begin
(e.g., are the bookmarks adequate)?
5. Are all documents submitted in English or are English
translations provided when necessary?
6. Is the clinical section legible so that substantive review can
begin?
LABELING
7. Has the applicant submitted the design of the development
package and draft labeling in electronic format consistent
with current regulation, divisional, and Center policies?
SUMMARIES
8. Has the applicant submitted all the required discipline
summaries (i.e., Module 2 summaries)?
9. Has the applicant submitted the integrated summary of
safety (ISS)?
10. Has the applicant submitted the integrated summary of
efficacy (ISE)?
11. Has the applicant submitted a benefit-risk analysis for the
product?
12. Indicate if the Application is a 505(b)(1) or a 505(b)(2). If
Application is a 505(b)(2) and if appropriate, what is the
reference drug?
DOSE
13. If needed, has the applicant made an appropriate attempt to
determine the correct dosage and schedule for this product
(i.e., appropriately designed dose-ranging studies)?
Study Number:
Study Title:
Sample Size:
Arms:
Location in submission:
EFFICACY
14. Do there appear to be the requisite number of adequate and
well-controlled studies in the application?

Yes

No

NA

Comment

;
;
;
;
;
;
;
;
;
;
;
505(b)(1)

;

;

Pivotal Study #1: CO-US-104-0288: Chemoprophylaxis for
HIV Prevention in Men (iPrEx)
Indication: PrEP in MSM
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Content Parameter

Yes

No

NA

Comment

Pivotal Study #2: CO-US-104-0380: Parallel Comparison of
Tenofovir and Emtricitabine/tenofovir Pre-Exposure
Prophylaxis to Prevent HIV-1 Acquisition within
HIV-1 Discordant Couples (Partner’s PrEP)
Indication: PrEP in HIV-1 serodiscordant couples
15. Do all pivotal efficacy studies appear to be adequate and
well-controlled within current divisional policies (or to the
extent agreed to previously with the applicant by the
Division) for approvability of this product based on
proposed draft labeling?

;

16. Do the endpoints in the pivotal studies conform to previous
Agency commitments/agreements? Indicate if there were
not previous Agency agreements regarding
primary/secondary endpoints.
17. Has the application submitted a rationale for assuming the
applicability of foreign data to U.S. population/practice of
medicine in the submission?
SAFETY
18. Has the applicant presented the safety data in a manner
consistent with Center guidelines and/or in a manner
previously requested by the Division?
19. Has the applicant submitted adequate information to assess
the arrythmogenic potential of the product (e.g., QT interval
studies, if needed)?

;

20. Has the applicant presented a safety assessment based on all
current worldwide knowledge regarding this product?
21. For chronically administered drugs, have an adequate
number of patients (based on ICH guidelines for exposure1)
been exposed at the dose (or dose range) believed to be
efficacious?

;

Draft labeling states,
“TRUVADA is
indicated for preexposure prophylaxis
(PrEP) to reduce the
risk of acquiring HIV1”. The pivotal
studies, however, only
evaluated efficacy of
PrEP in the context of
sexual exposures.

;
;
;

;

Truvada is already
approved and no
arrythmogenic issues
have been identified
since approval.

Duration of Truvada
therapy for PrEP is not
defined and will likely
be case-dependent.
Between the two
pivotal trials, 2830
subjects were exposed
to once daily Truvada
for PrEP. Median
duration of exposure
was 62.3 weeks for
CO-US-146-0288
(iPrEx) and 23 months

1

For chronically administered drugs, the ICH guidelines recommend 1500 patients overall, 300-600
patients for six months, and 100 patients for one year. These exposures MUST occur at the dose or dose
range believed to be efficacious.
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Content Parameter

Yes

22. For drugs not chronically administered (intermittent or
short course), have the requisite number of patients been
exposed as requested by the Division?
23. Has the applicant submitted the coding dictionary2 used for
mapping investigator verbatim terms to preferred terms?

;

24. Has the applicant adequately evaluated the safety issues that
are known to occur with the drugs in the class to which the
new drug belongs?
25. Have narrative summaries been submitted for all deaths and
adverse dropouts (and serious adverse events if requested
by the Division)?

;

OTHER STUDIES
26. Has the applicant submitted all special studies/data
requested by the Division during pre-submission
discussions?

27. For Rx-to-OTC switch and direct-to-OTC applications, are
the necessary consumer behavioral studies included (e.g.,
label comprehension, self selection and/or actual use)?
PEDIATRIC USE
28. Has the applicant submitted the pediatric assessment, or
provided documentation for a waiver and/or deferral?
ABUSE LIABILITY
29. If relevant, has the applicant submitted information to
assess the abuse liability of the product?

FOREIGN STUDIES
30. Has the applicant submitted a rationale for assuming the
applicability of foreign data in the submission to the U.S.

No

NA

Comment
for CO-US-104-0380
(Partners PrEP).
See above.

;

For CO-US-146-0288
(iPrEx), all AEs were
coded using MedDRA
Version 10; for COUS-104-0380
(Partners PrEP), it is
not clear which
version of MedDRA
was used. A coding
dictionary was not
found.

;

;

Nonclinical overview
includes animal
studies of PrEP. A
study summary
(including draft
manuscript), CRFs,
and datasets for Study
CDC 4323 are
included in Module 5.

;
;
;

No new or updated
information regarding
overdose or drug
abuse is presented
within this sNDA

;

2

The “coding dictionary” consists of a list of all investigator verbatim terms and the preferred terms to
which they were mapped. It is most helpful if this comes in as a SAS transport file so that it can be sorted
as needed; however, if it is submitted as a PDF document, it should be submitted in both directions
(verbatim -> preferred and preferred -> verbatim).
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Content Parameter

Yes

population?
DATASETS
31. Has the applicant submitted datasets in a format to allow
reasonable review of the patient data?

32. Has the applicant submitted datasets in the format agreed to
previously by the Division?
33. Are all datasets for pivotal efficacy studies available and
complete for all indications requested?
34. Are all datasets to support the critical safety analyses
available and complete?
35. For the major derived or composite endpoints, are all of the
raw data needed to derive these endpoints included?
CASE REPORT FORMS
36. Has the applicant submitted all required Case Report Forms
in a legible format (deaths, serious adverse events, and
adverse dropouts)?
37. Has the applicant submitted all additional Case Report
Forms (beyond deaths, serious adverse events, and adverse
drop-outs) as previously requested by the Division?
FINANCIAL DISCLOSURE
38. Has the applicant submitted the required Financial
Disclosure information?
GOOD CLINICAL PRACTICE
39. Is there a statement of Good Clinical Practice; that all
clinical studies were conducted under the supervision of an
IRB and with adequate informed consent procedures?

No

NA

;

Comment
Raw datasets in SAS
transport format were
submitted. The
submitted datasets are
in a non-standardized
format (i.e., not
CDISC SDTM). Data
elements are not
clearly defined; the
define pdf file is
inadequate to easily
identify the data
elements. There is no
clear explanation in
the define file of data
origins, other than
annotated CRF.

;
;
;
;
;
;
;
;

IS THE CLINICAL SECTION OF THE APPLICATION FILEABLE? Yes
The following requests were sent to the Applicant on January 20, 2012; the applicant confirmed
that requested items would be provided during the review cycle:
1. Please provide a dataset for each study, CO-US-104-0288 and CO-US-104-0380, which
lists by clinical site and treatment arm: the number of participants screened, enrolled, and
discontinued; site specific efficacy effect size and variance; and the number of AEs,
SAEs, deaths, and protocol violations. In addition, include the full contact information for
each investigator/clinical site.
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2. Please provide an analysis dataset for each study, CO-US-104-0288 and CO-US-1040380, consisting of subject ID, subject’s demographics and baseline characteristics,
clinical site, assigned and actual treatment arm, special study features such as index
participant or partner, flags for analysis populations (intention-to-treat [ITT], modified
ITT [mITT], per protocol [PP], and safety population [SP]), date of screening, date of
randomization, first date of study medication, first date of HIV-1 seroconversion, HIV-1
RNA at seroconversion, date of discontinuation, reason for discontinuation, last visit
date, and other important covariates such as adherence to study drug as well as other
antiviral drugs.
All input datasets used for the generation of analysis datasets should be submitted to the
CDER EDR. SAS programs for the generation of the two analysis datasets should also be
provided. Additionally, SAS programs for the primary efficacy and safety endpoints
should be provided.
3. In addition to the above, all datasets should include a column identifying the actual
treatment arm for each subject.
4. The MEDRAPT columns in the CO-US-104-0288 AE datasets and the MEDTERM 1
column in the CO-US-104-0380 AE dataset appear to include PT, SOC and LLT terms
all within the same entry field. To facilitate review of the safety endpoints, different
MedDRA codes should be separated into individual columns for each reported AE, one
entry per column, with appropriate column headers.
5. Please indicate which version of MedDRA was used for coding in CO-US-104-0380.
6. Please confirm that the datasets included in the CO-US-104-0288 addendum contain
cumulative data from enrollment through the November 1, 2010 cut-off and thus
encompass all of the data presented in the primary analysis datasets. In addition, please
clarify the distinction between datasets with a July 29, 2011 cut-off and those with a
September 09, 2011 cut-off included in the addendum.
7. Please indicate which dataset(s) were used to generate Table 1.1.1.1 in the CO-US-1040288 CSR. Similarly, indicate which dataset(s) were used to generate Figures 8-1 and 8-2
in the CO-US-104-0380 CSR, since the report indicates that pre-existing tables from
were used the DSMB report.
8. Please provide analysis datasets for laboratory testing for each study, CO-US-104-0288
and CO-US-104-0380, that includes:
• Subject ID
• Treatment assignment
• Date of lab test
• Study Day
• Lab test code
• Lab category (hematology, chemistry, coagulation, viral load, lipids, etc.)
• Baseline lab value
• Date of baseline lab value
• Lab test result in standard units
• Unit of measurement
• Reference range lower limit
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•
•
•
•
•
•
•
•
•

Reference range upper limit
Reference range indicator for lab test result: normal, high, low
Change from baseline value
Toxicity Grade (DAIDS)
Visit Number or Study Week
Visit name: Screening, Baseline, Treatment, Follow-up, etc.
Flag indicating whether subject was taking study drug at time of lab test
Drug start date
Drug stop date

The following additional comment will be sent in the 60-Day Filing Letter:
9. Please submit a rationale for assuming the applicability of foreign data in the submission
to the U.S. population.

Peter S. Miele, M.D.
Reviewing Medical Officer

February 8, 2012
Date

Kendall A. Marcus, M.D.
Clinical Team Leader

February 8, 2012
Date
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