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mutations, two patients who developed T69D/N mutations and two patients who
developed an L74V mutation. These phenotypic results are summarized in Table 22. For
the patients developing the K65R mutation, a mean reduction in tenofovir susceptibility
of 3.2-fold was observed. Patients developing ZDV-associated mutations, while taking
either ZDV or stavudine concomitantly, showed a notable decrease in ZDV susceptibility
and a minor decrease in abacavir susceptibility, but no significant change in tenofovir
susceptibility. The final two groups of patients, representing development of the T69D/N
and L74V mutations showed slightly increased susceptibility to tenofovir and ZDV, and
mild decreases in susceptibility to abacavir and lamivudine (L74V group only). These
results are consistent with the observations from earlier preclinical analyses, which
showed the activity of tenofovir against the T69D and the didanosine-associated L74V

mutations.

Table 22. Phenotypic analysis of patients developing specific types of NRTI mutations in study 902

Type of Mean Fold Change in Susceptibility from Baseline
Mutation N
Developing Tenofovir V4104 d4T ddil 3T1C ABC
ZDV 10 1.6 6.3 1.9 1.2 1.1 27
K65R 4 3.2 1.1 1.7 22 19.1 32
T69N/D 2 -08 08 1.2 1.0 1.0 3.1
L74V 2 -0.6 0.4 1.3 1.8 3.7 6.6
Study 907

Study 907 was a Phase Il randomized, double blind, placebo-controlled, multicenter
study of the safety and efficacy of tenofovir DF administered orally to HIV-1-infected
patients with plasma HIV-1 RNA levels > 400 copies/ml and < 10,000 copies/ml.
Patients on stable antiretroviral therapy containing no more than four active agents for >
8 weeks at study entry were randomly assigned in a 2:1 ratio to add either tenofovir DF

300 mg once daily or placebo to their existing regimen in a double-blinded manner.
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Patients were stratified by site according to HIV-1 RNA level, CD4 cell count, and

number of antiretroviral drugs prior to study entry (see Table 12 for baseline

characteristics).

A total of 552 patients were enrolled in this trial, 550 of whom received at least one dose
of study medication and represent the protocol-defined intent-to-treat (ITT) population (n
= 182 and 368, respectively, for the placebo and tenofovir DF randomization groups).
The primary efficacy endpoint was the time-weighted change in log;o HIV-1 RNA from
baseline average at week 24 post-randomization (DAVG,4). There were statistically
significant reductions in HIV RNA for patients treated with tenofovir DF (-0.61 log,o
copies/ml) as compared to placebo (-0.03 log;o copies/ml, p < 0.0001) for this primary

endpoint.

A virology substudy of Study 907 was conducted from a cohort of patients randomly
assigned throughout the: study into the virology substudy. These analyses were
prospectively defined. The virology substudy randomization was balanced for all strata
that were utilized for the treatment assignment randomization and, additionally,
maintained the 2:1 balance of tenofovir DF versus placebo-treated patients. According to
the randomization plan, approximately 50% of enrolled patients were included in the
genotypic analyses subsn;dy (n=274) and 50% of these patients were included in the
phenotypic analyses substudy (n = 137). Patients without baseline genotypic data were
excluded from the analysis creating a virology ITT population of 253 patients. Both the
HIV-1 RT and protease genes from banked plasma samples from the patients in the
genotyping substudy were genotypically analyzed at baseline, week 24, or upon early
termination. Phenotypic analyses of susceptibility to tenofovir and all approved
nucleoside analogs were performed at baseline, week 24, or upon early termination for all

patients in the phenotyping substudy.
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Baseline characteristics and baseline HIV genotypes: The overall mean CD4 cell count at
baseline was 427 cells/mm’ , and the mean plasma HIV-1 RNA viral load at baseline was
2291 copies/ml (n = 550). The overall mean duration of prior antiretroviral therapy was 5
years and 5 months. There were no significant differences between the two treatment
groups in baseline viral load and CD4 count. Moreover, patients assigned into the
virology substudy had a similar overall mean baseline viral load 2239 copies/ml (n =
274) and no significant difference between the treatment groups. Overall, patients in this
trial were heavily antiretroviral experienced with an overall mean duration of prior
antiretroviral therapy of 65 months. Consistent with the heavy ART experience, base line
genotyping showed that the enrolled patients had approximately 10-44 mutation in the

400 amino acid portion of the HIV RT sequence

At baseline, 99% of patients were taking one or more nucleoside analogs with lamivudine
and stavudine most commonly used (69% and 59% of patients, respectively).
Additionally, 55% of patients were taking at least one protease inhibitor (PI) and 41% of
patients were taking an NNRTI. Nelfinavir was the most commonly used PI (29%);
nevirapine (20%) and efavirenz (18%) were the most commonly used NNRTIs. There
were no significant differences among the treatment groups with regard to baseline ART
usage and there were no §igniﬁcant differences in baseline ART usage among patients
assigned into the virology substudy (n = 274) in comparison to all patients enrolled in the
trial (n = 550).

Baseline HIV genotypic data were obtained from 253 of the 274 patients in the virology
genotyping substudy; plasma HIV from 21 patients (14 tenofovir DF; 7 placebo) failed to
yield a sufficient PCR product for genotypic analysis. Consistent with the extensive
treatment experience of patients in this trial, baseline genotypic analysis revealed that
94% of analyzed patients had plaéma HIV expressing one or more primary nucleoside-

associated resistance mutations in RT (58% expressed primary Pl-associated resistance
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mutations, and 48% expressed primary NNRTI-associated resistance mutations (Table
23). Most patients (69%) had HIV with typical ZDV-associated resistance mutations at
RT codons M41L, D67N, K70R, L210W, T21 5Y/F, or K219Q/E/N (mean of 2.8
~mutations); 68% had HIV with the lamivudine/abacavir-associated M184V/I mutations;
and 45% had both of these types of resistance mutations. The prevalence of each of these

baseline resistance mutations is similar across the two treatment arms in the study.

Table 23. Baseline genotypes of selected subgroups of HIV from patients in study
907 (n = 253, virology intent-to-treat)

RT and Protease Resistance

Percent of Patients (n)
Mutations at Baseline
Placebo Tenofovir DF Total
(n=84) (n=169) (n=253)
Nucleoside-Associated ': 94% (79) 94% (159) 94% (238)
ZDV-R (M41L, D67N, K70R, 73% (61) 67% (114) 69% (175)
L210W, T215Y/F, or K219Q/E/N)
M184V/ 64% (54) 70% (118) 68% (172)
T215Y/F 46% (39) 47% (80) 47% (119)
M184V/ + ZDV-R 45% (38) 44% (75) 45%(113)
T69D/N 17% (14) 12% (20) 13% (34)
L74vi1 11% (9) 9% (15) 9% (24)
A62V 1%(1) , 3% (15) 2% (6)
V75TAN 1% (1) 2% (4) 2% (5)
K65R - 3% (5) 2% (5)
QI5SIM 2% (2) 1% (2) 2% (4)
T69S Insertions 0% (0) 1% (2) 1% (2)
NNRTI-Associated mutations?: 52% (44) 46% (77) 48% (121)
Pl-Associated mutations *: 62% (52) 57% (96) 58% (148)

I Mutations M41L, A62V, K65R, D67N, T69D/N, K70R, L74V/, VI5T/, F77L, Y115F,
F116Y, Q151M, M184V, L210W, T215Y/F or K219Q/E/N in RT.

2 NNRTI resistance mutations are K103N, V106A, V1081, YI81C/1, Y188C/L/H, G190A/S/E

or P236L in RT.

3 Protease inhibitor resistance mutations are D30N, V321, G48V, 150V, V82A/F/T/S, 184V or

L90M in protease
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HIV RNA response to tenofovir DF therapy by baseline HIV genotype: Despite the
presence of extensive RT resistance mutations at baseline, patients in the virology
genotyping substudy who added tenofovir DF to their existing regimen demonstrated a
statistically significant mean decline in their plasma HIV RNA by week 24 (-0.59 logio
DAVGas, p <0.0001). This decline was similar to the decline observed among tenofovir
DF treated patients in the overall study (-0.61 logio DAVGa4, p < 0.0001). The HIV
RNA responses among patients with HIV expressing specific types of resistance
mutations at baseline are shown in Table 24 in an intent-to-treat analysis. In both intent-
to-treat and as-treated analyses, treatment with tenofovir DF resulted in statistically
significant decreases in plasma HIV RNA among patients expressing ZDV-associated or
lamivudine (M184V) mutations in their HIV.

APPEARS THIS WAY
ON ORIGINAL

APPEARS THIS way
ON ORIGINAL
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Table 24. HIV RNA responses by baseline resistance mutations in study 907
(n = 253, virology intent-to-treat)

Mean DAVG,,' (n)
Baseline Mutation Net Treatment
Group Placebo Tenofovir DF Effect * P-Value®
All Patients -0.03 (84) -0.59 (168) -0.56 <0.0001
No M184V +0.02 (30) -0.40 (51) -0.42 0.0006
MI184V -0.05 (54) -0.68 (117) -0.63 < 0.0001
M184V /No ZDV-R* -0.16 (16) -0.97 (42) -0.81 < 0.0001
No ZDV-R* -0.18 (23) -0.85 (54) -0.67 <0.0001
ZDV-R* +0.03 (61) -0.47 (114) -0.50 < 0.0001
ZDV-R*/No M184V +0.09 (23) -0.39 (39) -0.48 0.0002
ZDV-R* + M184V -0.01 (38) -0.51(75) -0.50 <0.0001
T215Y/F +0.05 (39) -0.32 (80) -0.37 <0.0001
T215Y/F/No M184V +0.08 (18) -0.31 (33) -0.39 0.002
T2I5Y/F + M184V +0.01 (21) -0.32 (47) -0.33 0.0018
T69D/N +0.08 (14) -0.42 (20) -0.50 0.002
L74V/1 +0.13 (9) -0.22 (15) -0.35 0.027
K65R 0 +0.12 (5) +0.12 NA’
QiSIM +0.05 (2) +0.38 (2) +0.33 0.698
T69S Insertions 0 +0.29 (2) +0.29 NA’
NNRTI-R® +Q.02 (44) -0.49 (77) -0.51 <0.0001
Protease Inhibitor-R ® -0.00 (52) -0.55 (96) -0.55 <0.0001

1 Average HIV RNA changes from baseline through week 24 (DAVG 3) in log,o copies/mL.

2 Difference between DAVG ,, values of tenofovir DF- versus placebo-treated patients.

3 Wilcoxon rank sum test comparing tenofovir DF to placebo in the same mutation group.

4 Zidovudine resistance mutations are M4IL, D67N, K70R, L210W, T215Y/F or K219Q/E/N in RT.

5 NNRTI resistance mutations are K103N, V106A, V108I, Y181C/, Y188C/L/H, G190A/S/E or P236L in
RT.

6 Protease inhibitor resistance mutations are D30N, V321, G48V, 150V, V82A/F/T/S, 184V or L90M in
protease.

7 Not applicable (no comparator patients in placebo arm).

Patients with HIV expressing the M184V mutation in the absence of ZDV-associated

mutations had the largest decline in HIV RNA among all genotypic groups (-0.97 logjo
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DAVGy,). Patients with HIV expressing the high-level ZDV resistance mutation T215Y
or F (47% of patients), NNRTI-associated, or Pl-associated resistance mutations also
responded significantly to tenofovir DF therapy. Additionally, patients expressing the
less common nucleoside-associated RT mutations T69N/D, associated with zalcitabine
and other nucleoside therapies, or L74V/1, associated with didanosine or abacavir

therapy, also responded significantly to tenofovir DF therapy.

Treatment of HIV infection by abacavir, didanosine and zalcitabine selects the K65R
mutation resulting in the reduced susceptibility to these drugs. Both cell culture
experiments and SIV-infected Rhesus monkey studies, showed that the K65R mutation 18
selected by tenofovir treatment. At baseline, five patients had HIV expressing the K65R
RT mutation. These five patients were all randomly assigned to tenofovir DF therapy and
did not respond to tenofovir DF therapy (+0.12 log;o mean DAVGg,). This result indicates
that patients with HIV expressing the K65R mutation do not respond to tenofovir
treatment. Fewer patients assigned to take tenofovir DF had HIV expressing mutations at
the multinucleoside drug resistance site Q151M (n = 2) or the multinucleoside resistance
insertion mutation after codon T69 (n = 2). Neither of these groups responded to
tenofovir DF therapy with mean DAVG,, values of +0.38 logio and +0.29 log,,

respectively. -

Development of mutations: Post-baseline genotypic data (week 24 or early termination)
were obtained from 171 of 274 patients in the genotypic analyses substudy, with the
remaining patients having insufficient HIV RNA to genotype (n = 102) or no post-
baseline plasma sample (n = 1). Proportionally fewer patients in the tenofovir DF
treatment arm (54%) than in the placebo arm (80%) had week 24 genotypic results due to
the greater number of tenofovir DF treated patients having insufficient HIV RNA for

analysis.
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Forty-seven patients developed one or more RT mutations at known nucleoside-
associated resistance sites during the first 24 weeks (Table 25). Slightly fewer patients in
the tenofovir DF treatment arm than in the placebo arm developed nucléeoside-associated
RT mutations (15% vs. 22%, respectively, p = 0.17, Fisher’s Exact Test). Development
of NNRTI- associated mutations were less common, but also occurred less frequently in
the tenofovir DF arm (5% vs. 9%, p = 0.17). There were significantly fewer patients
developing Pl-associated mutations in the tenofovir DF arm than in the placebo arm (2%
vs. 8%, respectively, p = 0.02, Fisher’s Exact Test). Thus, it appears that tenofovir DF
therapy was contributing to the suppression of nucleoside, NNRTI- and Pl-associated
mutation development, consistent with significant decreases in viral load observed among

tenofovir DF-treated patients.

Compan'son' of data on the emergence of RT mutations in study 902 and 907 show
different results. In study 902 there were more RT mutations in the tenofovir DF
treatment arm than the placebo arm ( Table 16) and in study 907 there were more
mutations in the placebo arm than tenofovir DF treatment arm Table 25). The applicant

has not offered an explanation for the opposing results between the two studies.

APPEARS THIS WAY
ON ORIGINAL
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Table 25. Development of selected antiretroviral-associated HIV mutations by week 24 in study
907 (genotyping substudy, n = 274)
RT and Protease Concomitant Percent of Patients (n)
Resistance Mutations Nucleoside ART
Developing Placebo Tenofovir DF Total
(n=91) (n=183) (n=274)
Nucleoside-Associated: 22% (20) 15% (27) 17% (47)
Any ZDV-Associated *: 13% (12) 10% (19) 11% (31)?
M4IL d4T, ZDV, ddl, ABC, 3TC 3% (3) 4% (8) 4% (11)
K70R/Q/N d4T, ZDV, ddl, 3TC 3% (3) 3% (6) 3% (9)
D67N d4T, ZDV, ddl, 3TC 1% (1) 4% (7) 3% (8)
T215Y/F/1 d4T, ZDV, ddl, ABC, 3TC 5% (5) 2% (3) 3% (8)
L7avil d4T, ddI, ABC, 3TC 5% (5) 0.5% (1) 2% (6)
K65R d4T, ZDV, ddl, ABC, 3TC 3% (5) 2% (5)
KZI9E/Q/R d4T, ZDV, ddl, ABC, 3TC 2% (2) 1% (2) 1% (4)
L210W/s d4T, ddl 1% (1) 1% (2) 1% (3)
M184v ZDV, ABC, 3TC 2% (2) 1% (2)
T69N/ 44T, ddl 1% (1) 0.5% (1) 1% (2)
VISIA d4T, ddi, ABC 1% (1) 0.5% (1) 1% (2)
A62V ZDV, 3TC 1% (1) 0.4% (1)
YHISF d4T, ABC, 3TC 0.5% (1) 0.4% (1)
QISIM d4T, ABC, 3TC ‘ 0.5% (1) 0.4% (1)
frimary NNRTI-Associated 9% (8) 5% (9) 6% (17)*
Primary Pl-Associated>: . 8% (7) 2% (3) 4% (10)°

1 Zidovudine resistance mutations are M41L, D67N, K70R, L210W, T215Y/F or K219Q/E/N in RT.
2 22 of these patients also had ZDV-associated mutations at codons 41, 67, 70, 210, 215, or 219 at baseline (10
placebo, 12 tenofovir DF).

3 NNRTI resistance mutations are K103N, V106A, V1081, Y181C/1, Y 188C/L/H, GI90A/S/E, or P236L in RT.

4 11 of these patients also had primary NNRTI-associated resistance mutations at baseline (6 placebo, 5 tenofovir
DF).

5 Protease inhibitor resistance mutations are D30N, V321, G48V, 150V, V82A/F/T/S, 184V, or L90M in protease.

6 7 of these paticnts also had primary Pl-associated resistance mutations at baseline (6 placebo, 1 tenofovir DF).

Development of nucleoside-associated RT mutations: The majority of the patients (31 of
47) who developed nucleoside-associated mutations developed typical ZDV-associated

mutations while taking zidovudine, stavudine, abacavir, or didanosine concomitantly.
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There were no significant differences in the development of any of the ZDV-associated
RT mutations between patients in the placebo and tenofovir DF arms of the study.
Development of the D67N mutation appeared to occur more frequently in the tenofovir
DF arm, but this was also not statistically significant (p = 0.28, Fisher’s Exact Test).
Among the seven patients who developed a D67N mutation, there was continued viral
load suppression (-0.94 logo DAVG,4). Overall, the concomitant use of antiretroviral
agents known to select for ZDV-associated mutations and their similar distribution
between the treatment arms suggests that the concomitant antiretroviral agents were

primarily responsible for their development.

Patients who developed nucleoside-associated RT mutations in the tenofovir DF
treatment group showed continued viral load suppression in HIV RNA at week 24 (-0.51
logio DAVG,4, n = 27) similar to the -0.60 logo decrease in DAVG,4 observed for all
patients treated with tenofovir DF in the virology substudy. Moreover, using the
secondary endpoint of absolute change in HIV RNA from baseline, tenofovir DF treated
patients who developed nucleoside-associated RT mutations during the first 24 weeks still
showed a statistically significant mean HIV RNA decrease of -0.41 log)o at week 24. This

suggests continued anti-HIV activity despite the development of these mutations.

Development of K65R RT mutations: Five patients (2% of all patients, 3% of tenofovir
DF treated patients) developed the K65R mutation, an RT mutation associated with
zalcitabine, didanosine and abacavir in vivo, and also selected by tenofovir in vitro. All
five patients were in the tenofovir DF treatment arm. Two of these patients were taking
either didanosine or abacavir concomitantly and three were taking lamivudine

concomitantly along with tenofovir DF. Among these five patients, there was a notable
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variation in their response to tenofovir DF therapy, with a mean DAVGy4 of -0.29 log),
copies/ml (range of -1.10 to +0.72). Overall, few patients developed the K65R mutation
and there was no consistent pattern of HIV RNA increases observed coincident with its

development that would reflect treatment failure.

Baseline phenotypic analyses: Baseline phenotypic analyses were attempted for all
patients randomly assigned into the virology phenotyping substudy (n = 137) with the
DAntivirogramTM assay. Successful phenotypic results were generated for 85 of
these patients (56 tenofovir DF, 29 placebo). Among these 85 patients, the mean number
of ZDV-associated resistance mutations was 2.1 and the mean number of NRTI-
associated resistance mutations was 3.2. Overall, the mean baseline susceptibility was
1.7-fold above wild-type control for tenofovir versus 7.6-fold above wild type for ZDV
and > 31.8-fold above wild type for lamivudine. There were a total of nine patients who
had HIV with > 4-fold reduced susceptibility to tenofovir. None of these nine patients
had the K65R mutation at baseline, but had multiple nucleoside-associated mutations
(mean = 4.8). No patient had HIV with > 10-fold reduced susceptibility to tenofovir at

baseline as compared to wild-type HIV.

Baseline phenotype and response to tenofovir DF therapy: Linear regression analyses
were performed to examine the relationship between the baseline susceptibility to
tenofovir and the patient’s HIV RNA response to therapy with tenofovir DF during the
first 24 weeks. Using a first order linear model and log,o transformed tenofovir
susceptibility data, a positive correlation between the baseline tenofovir susceptibility and
DAVGa4 was observed. This relationship was significant for both the intent-to-treat (p =
0.0051) and as-treated population (p = 0.0028). Figure 3 graphically depicts this

relationship with the intent-to-treat population in a scatter plot. Regression analyses were
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also performed adjusting for baseline viral load with similar results. In these multivariate
analyses, patients with HIV that is more susceptible to tenofovir and those who had
higher baseline viral loads had greater decreases in DAVGa,. The increased response
observed in patients who had higher baseline viral loads may be associated with the
potential for a larger observed decrease in HIV RNA before the lower limit of
quantification of the assay is reached. The results with baseline tenofovir susceptibility

suggest a pharmacodynamic interaction between drug susceptibility in vitro and anti-HIV

responses in vivo.

Figure 3. Effect of Baseline Tenofovir Susceptibility on Anti-HIV Response to
Tenofovir DF in Study 907 (DAVG.4, Intent-to-Treat)
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The HIV RNA response among various strata of baseline susceptibility to tenofovir is
shown in Table 26. In intent-to-treat analyses, patients with baseline tenofovir
susceptibility within 3-fold of wild-type responded with -0.42 to -0.72 log;, decreases in

HIV RNA through week 24. There were few patients within the other phenotypic strata,
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but there appeared to be a reduction in response consistent with the linear regression
modeling. There were only five patients in the tenofovir DF arm with > 4-fold reduced

susceptibility to tenofovir at baseline and, as a group, these patients did not appear to

respond to tenofovir DF therapy.

Table 26. Response to tenofovir DF therapy by baseline tenofovir
susceptibility in study 907

Baseline Tenofovir Tenofovir DF Placebo

Susceptibility (fold change : 5

from wild-type) Mean DAVG,, (n) Mean DAVG,, (n)
Intent-to-Treat As-Treated Intent-to-Treat As-Treated

<10 -0.72 (25) -0.74 (25) -0.05 (13) -0.04 (13)

>1.0and<20 -0.50(17) -0.50 (17) +0.03 (10) +0.03 (10)

>20and <30 -0.42 (6) -0.36 (6) +0.41 (2) +0.41 (2)

>30and<4.0 -0.27 (3) -0.27 (3)

>4.0 -0.08 (5) -0.08 (5) -0.22 (4) -0.22 (4)

All Patients Analyzed -0.54 (56) -0.54 (56) -0.02 (29) -0.01 (29)

1 Mean DAVG, for all patients in group (log ;o copies/mL).

The HIV RNA responses to tenofovir DF therapy among patients within various strata of
ZDV resistance are shown in Table 27. In intent-to-treat analyses, patients with < 4-fold
ZDV resistance at baseline had HIV RNA responses of -0.72 to -0.93 logio DAVG,,.
Patients with 4 to 10-fold ZDV resistance also responded to tenofovir DF therapy with -
0.39 log;o decreases in HIV RNA (DAVGyq4). Patients with > 10-fold ZDV resistance
appeared to respond more poorly to tenofovir DF therapy (-0.17 logjo mean DAVG,,).
Overall, the HIV RNA results suggest the continued activity of tenofovir DF in patients
with up to 10-fold ZDV resistance and diminished responses with > 10-fold ZDV |

resistance.
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Table 27. Response to tenofovir DF therapy by baseline zidovudine

susceptibility in study 907

Tenofovir DF Placebo
?uassc?:::ieb%l?t: (fold change Mean DAVG,,' () Mean DAVG,, (1)
from wild-type) Intent-to-Treat As-Treated Intent-to-Treat As-Treated
<10 -0.93 (10) -0.93 (10) 0.06 (8) 0.07 (8)
>1.0and < 4.0 -0.72 (18) -0.73 (18) -0.26 (8) -0.26 (8)
>40and < 10.0 -0.39(14) -0.37 (14) 0.13 (6) 0.13 (6)
>10.0 -0.172(13) 0.17*(13) 0.05 (1) 0.05(7)
All Patients Analyzed® -0.54 (55) -0.54 (55) -0.02 (29) -0.01 (29)

1 Mean DAVG,, for all patients in group (log 1, copies/mL).

2 Includes two patients with multinucleoside resistant HIV (Q151M and T69S Ins) with DAVG24 values of
+0.72 and +0.48, respectively. Excluding these patients the mean DAV G24 for patients with > 10-fold
ZDV resistance was -0.31 log ¢ for both ITT and AT analyses (n=11).

3 One patient (RNR, Pat. ID 407-3070) with baseline tenofovir susceptibility results did not have
baseline ZDV susceptibility results.

Relationship between baseline phenotype and genotype

Effect of the M184V Mutation: Previous phenotypic analyses have indicated that the
M184V mutation increases the susceptibility of HIV to tenofovir. Among the 85 patients
with baseline phenotypic data, an approximate 2-fold increase in tenofovir susceptibility
was associated with the I;A 184V mutation among all analyzed patients or among those
patients with baseline ZDV resistance mutations. However, this increase in tenofovir
susceptibility did not result in a tenofovir DF-specific enhancement of the anti-HIV
response. Figure 4 shows the effects of increasing number of ZDV mutations on
susceptibility to ZDV and tenofovir among the 85 patients with baseline phenotypic data.
In patients with HIV with > 4 ZDV mutations, a mean of 19.4-fold ZDV resistance was
observed. Although there is a decrease in susceptibility to tenofovir with greater numbers
of ZDV mutations, HIV with > 4 ZDV mutations showed only a mean 2.8-fold reduced

susceptibility to tenofovir. This group of 16 patients had DAVG24 responses to tenofovir
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DF therapy of -0.30 log, copies/ml (n = 12) versus +0.11 log)o copies/ml (n = 4) for the

placebo-treated patients in intent-to-treat analyses.

Figure 4. Baseline comparison of susceptibility to tenofovir and ZDV to number

of ZDYV resistance mutations
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n
Q

WS Tenofovir
Zov

Mean Susceptibility
(fold change from wild-type)
S

None or 1 2 3 24
(n = 28) (n =18) (n=23) (n = 16)

Number of ZDV Mutations

Genotypic correlation of >4 fold reduced tenofovir susceptibility at baseline: Nine of 85
patients demonstrated greater than 4-fold reduced susceptibility to tenofovir at baseline in
these analyses. These patients as a group did not appear to respond to tenofovir DF
therapy. One patient expressed a T69S insertion mutation that is the likely basis for the
4.3-fold reduced susceptibility to tenofovir. For the remaining patients, a variety of
patterns of pre-existing nucleoside-associated mutations were observed all in the presence
of the T215Y/F mutation, with a mean of 4.8 nucleoside-associated mutations and a mean
of 3.8 ZDV-associated mutations. For comparison, among the 85 patients with a baseline
phenotype, the mean number of nucleoside-associated and ZDV-associated mutations

was 3.2 and 2.1, respectively. Overall, there were few patients with > 4-fold reduced
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susceptibility to tenofovir at baseline and there was no consistent genotypic pattern from

which to clearly determine the genotypic basis for the reduced susceptibility.

Post-baseline phenotypic analyses: Week 24 phenotypic analyses were done for all
patients randomly assigned into the virology phenotyping substudy (n = 137). Of these
137 patients, a post-baseline phenotype was obtained from 75 patients and 59 of these
patients also had matching baseline phenotypic results, permitting a direct comparison of
changes in drug susceptibilities over the treatment period (35 tenofovir DF, 24 placebo).
As a result of the sensitivity limitation of phenotypic assays to analyze HIV at low copy
numbers, fewer patients in the tenofovir DF arm than in the placebo arm had post-
baseline phenotypic results reflecting the lower post-treatment HIV RNA levels in

patients receiving tenofovir DF.

Changes in tenofovir susceptibility during treatment: Of the 35 tenofovir DF-treated
patients with both baseline and post-baseline phenotypic results, the mean post-baseline
fold change in tenofovir susceptibility was 2.2-fold (Table 28), slightly greater than the
1.5-fold mean change observed for the 24 placebo-treated patients. The majority of
patients analyzed in both arms showed no change or a change of less than 2.5-fold in
tenofovir susceptibility from baseline, the threshold of inter-assay variation for the
Antivirogram™ assay. Twelve tenofovir DF-treated patients had changes in tenofovir
susceptibility of greater than 2.5-fold, with a range of 2.9 to 8.8-fold (6). For five of the
12 patients, the week 24 tenofovir susceptibility was still within 2.5-fold of wild-type
since hypersusceptibility was observed at baseline. One patient who developed the K65R
mutation showed a 4.3-fold decrease in tenofovir susceptibility. For the remaining seven
patients, there was no consistent pattern of genotypic change and, in fact, only one of
these seven patients had developed any new NRTI-associated mutation (D67N and
K70R). For the two patients with the greatest change in susceptibility (5.8-fold and 8.8-
fold), no changes at any RT residue were detected, although the patients had HIV with

numerous nucleoside-associated RT mutations at baseline. Overall, there were few
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patients with changes in tenofovir susceptibility beyond normal assay variation of 2.5-

fold and genotypic analysis of these patients did not suggest the presence of

uncharacterized resistance mutations to tenofovir

Table 28. Comparison of baseline and week 24 phenotypic analyses in study 907 (n = 59)

Patients Developing Mean Fold Change in Susceptibility from Baseline
New NRTI Mutation
N Tenofovir | ZDV d4T ddl 3TC ABC
Tenofovir DF Patients 35 22 3.6 22 1.7 1.4 1.7
None by Week 24 27 2.1 32 22 1.6 1.3 1.7
Yes by Week 24 6 25 5.5 24 22 1.6 20
K65R 2 3.0 25 22 1.2 22 0.5
Placebo Patients | 24 1.5 2.6 25 1.3 1.8 15
None by Week 24 19 1.6 24 23 L1 13 1.4
Yes by Week 24 5 1.2 33 32 2.1 3.7 22
All Patients Analyzed 59 1.9 32 23 1.5 1.6 1.6

Correlation with viral load rebound: There was an infrequent development of viral load
rebound, as defined by a >0.5 log;o response followed by confirmed > 0.5 log) increase
in HIV RNA, among the tenofovir DF-treated patients with complete baseline and post-
baseline phenotypic analyses (n = 7, 20%). Four of the 12 patients who had > 2.5-fold
changes in tenofovir susceptibility had evidence of viral load rebound. Three of the
patients had no genotypic changes in HIV RT and the fourth patient had developed both a
D67N and K70R mutation. Phenotypic data was obtained from 2 of the 5 patients who
developed the K65R mutation (Table 28). They showed a mean decrease in tenofovir
susceptibility of 3-fold but no viral load rebound. Overall, these results suggest that

reductions in tenofovir susceptibility during tenofovir DF treatment are generally not
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associated with viral load rebound and, if they are, there are generally no genetic changes

associated with the rebound.

Changes in susceptibility to other nucleoside analogs: Both treatment arms showed
similar and low-level mean changes in susceptibility to tenofovir and the other
nucleosides during the 24 week period (Table 28). The greatest changeé were observed
for zidovudine susceptibility and these were most marked in patients who had also
developed nucleoside-associated mutations during this period. For the two patients who
developed the K65R mutation in this phenotypic analysis, changes in the susceptibility to
other nucleoside analogs were within 2.5-fold of the baseline susceptibility results for
these nucleoside analogs. Reductions in susceptibility to lamivudine and abacavir might
be expecteq in these patients, however both patients had > 30 and > 6.8-fold reduced
susceptibility to these drugs at baseline, respectively, due to pre-existing mutations.
Thus, in comparison with placebo, treatment with tenofovir DF is not potentiating the
development of resistance to other nucleoside analogs and changes in tenofovir

susceptibility are minimal.

CONCLUSIONS

The in vitro antiviral activity studies show that tenofovir, an inhibitor of HIV-RT, blocks
HIV replication in a variety of host cell /virus infection test systems. These in vitro
nonclinical studies provide support for clinical studies. In the cell /virus infection test
systems, the applicant stated that 50% inhibitory concentration of tenofovir was in the
range of 1.0 to 6.0 uM. PK studies at the treatment selected dose of 300-mg once daily
demonstrated that the Cax was 326 ng/ml, which corresponds to approximately 1.0uM of
tenofovir in the plasma. Comparison of the in vitro ICsp to that available in plasma
suggests that the plasma concentration of tenofovir may be subtherapeutic at the 300-mg
once daily dose.
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HIV variants with reduced susceptibility to tenofovir have been selected in cell culture in
vitro. Similarly in the in vivo studies, SIV variants with reduced susceptibility to
tenofovir have been found in four out of the four rhesus monkeys infected with SIV. Both
of the in vitro and in vivo generated resistant viruses showed mutations primarily at
K65R of the viral RT and in some cases at other additional sites. Previous studies showed
that zalcitabine, didanosine and abacavir also select for the K65R mutation suggesting
potential cross-resistance among these drugs. Only about 3% of the patients in the
placebo controlled clinical trials developed the K65R mutation. Tenofovir treatment
showed no decrease of the viral RNA in patients with this mutation, suggesting that
K65R is a tenofovir selected resistant mutation and that there may be cross-resistance

among didanosine, abacavir and tenofovir resistant variants of HIV.

In several of the nonclinical and clinical reports, the applicant attempted to correlate
genotypic changes with phenotypic susceptibility, by use of recombinant constructs of
HIV instead of the ‘pure’ HIV isolates themselves. This procedure evaluates
local/regional effects of the inserted sequence into the hybrid unlike the global effects
manifested by the ‘pure’ HIV isolates. Results derived from such recombinant constructs
may not be extrapolatable€ to clinical settings. As an example, the hypersensitivity effect
of M184V mutation to tenofovir observed in the recombinant constructs (Tables 6 and 7)
could not be translated in clinical studies (Tables 14 and 15). This result also emphasizes
the importance of mutational interaction effects in the manifestation of antiviral activity

of antiretroviral agents.

In the clinical trials conducted, addition of tenofovir-DF to heavily ART experienced
(mean of ~5years) patients lead to a significant decrease in the viral RNA through 24 to
48 weeks. There appears to be a low incidence of genotypic and phenotypic resistance to

tenofovir during 24 to 48 weeks of tenofovir-DF therapy. In these clinical trials the HIV-
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infected subjects were relatively healthy in that their immune system was well preserved
with mean CD4 cell count of approximately 400, with a low viral load of approximately
3500 copies/ml. The combination of higher CD4 cells and lower viral load and thus a
low existing viral variation and competent immune system due to the higher CD4 cell
count provide conditions for minimizing the potential for the emergence of resistance and
maximizing the potential for antiviral activity. The antiviral benefit of tenofovir-DF and
its ability to bring about mutations in the viral genomes in patients with higher viral RNA

and lower CD4 cells remains to be evaluated in future clinical trials.

In preliminary clinical studies, treatment of HIV-infected subjects (study 701 and 901)
with tenofovir or tenofovir-DF for <28 days, mutations in the viral RT have emerged
indicating that tenofovir treatment brings about mutations and thus changes the genetic
pools of HIV. The clinical significance of these mutations is unknown, as of yet no

follow up on the patients with regard to their viral load and CD4 cell count is available.

The enormous plasticity of HIV due to its inherent genetic variation and rapid replication
is reflected in the large number of mutations found in viral sequences from antiretroviral
agent challenged isolates. By the early part of the year 2001, there were 107 mutations in
the 1-400 amino terminal amino acid sequences of the full length 560 amino acid HIV
RT, and 56 mutations in the full length 99 amino acid HIV PR”. In the ART
experienced patients enrolled in studies 902 and 907 the base line HIV isolates had
mutations in up to 44 amino acid positions of the 400 amino acid portion of the HIV RT.
In consideration of the large number of existing (background) mutations, the dynamic
nature of the mutations, and their recognized antagonistic and synergistic interactions, it
1s problematic to isolate and attribute the contribution of single, pairs or small groups of

mutations to response or lack of response to antiretroviral agents.




DIVISION OF ANTIVIRAL DRUG PRODUCTS - HFD-530
MICROBIOLOGY REVIEW
NDA#: 21-356 SNOO DATE REVIEWED: October 18, 2001

RECOMMENDATIONS

The microbiology section of the draft package insert as currently written is acceptable.

With respect to microbiology this NDA is approved.

Phase 4 considerations: The following four microbiology phase 4 commitments were

submitted to the applicant:

1.

Conduct genotypic and phenotypic analyses of clinical isolates from all adult and
pediatric patients in studies 903 and 928 who experience loss of virologic response.
Evaluate the virologic response of VIREAD in patients with baseline reduced
susceptibility to didanosine and abacavir. Isolates with mutations conferring
resistance to didanosine or abacavir should be evaluated in order to discern
meaningful differences in virologic response.

Characterize the role of the K65SR mutation in conferring resistance to VIREAD and
cross-resistance between VIREAD and other nucleoside reverse transcriptase
inhibitors, specifically didanosine, abacavir and zalcitabine. '

Investigate whether the M184V increases virologic response, if present alone or in
combination with other NRTI mutations. Isolates should be evaluated in order to

discern meaningful differences in virologic responses.
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Mechanism of Action: Tenofovir disoproxil fumarate is an acyclic nucleoside
phosphonate diester analog of adenosine monophosphate. Tenofovir disoproxil fumarate
requires initial diester hydrolysis for conversion to tenofovir and subsequent
phosphorylations by cellular enzymes to form tenofovir diphosphate. Tenofovir
diphosphate inhibits the activity of HIV reverse transcriptase by competing with the
natural substrate deoxyadenosine 5’-triphosphate and, after incorporation into DNA, by

DNA chain termination. Tenofovir diphosphate is a weak inhibitor of mammalian DNA

polymerases o, 3, and mitochondrial DNA polymerase .

Antiviral Activity In Vitro: The in vitro antiviral activity of tenofovir against laboratory
and clinical isolates of HIV was assessed in lymphoblastoid cell lines, primary monocyte/
macrophage cells and peripheral blood lymphocytes. The ICso (50% inhibitory
concentrations) for tenofovir was in the range of 0.04 uM to 8.5 uM. In drug
combination studies of tenofovir with nucleoside and non-nucleoside analog inhibitors of
HIV reverse transcriptase, and protease inhibitors, additive to synergistic effects were

observed. Most of these drug combinations have not been studied in humans.

In Vitro Resistance: HIV isolates with reduced susceptibility to tenofovir have been
selected in vitro. These viruses expressed a K65R mutation in reverse transcriptase and

showed a 3-4 fold reductipn in susceptibility to tenofovir.

Cross-resistance: Cross-resistance among certain reverse transcriptase inhibitors has
been recognized. The in vitro activity of tenofovir against HIV-1 strains with zidovudine-
associated reverse transcriptase mutations (M41L, D67N, K70R, L210W, T215Y/F or
K219Q/E/N) was evaluated. Zidovudine-associated mutations may also confer
reductions in susceptibility to other NRTIs and these mutations have been reported to -
emerge during combination therapy with stavudine and didanosine. In 20 samples that
had multiple zidovudine-associated mutations (mean 3), a mean 3.1-fold increase of the
ICso of tenofovir was observed (range 0.8 to 8.4). The K65R mutation is selected both in
vitro and in some HIV-infected subjects treated with didanosine, zalcitabine, or abacavir;
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therefore, some cross-resistance may occur in patients who develop this mutation
following treatment with these drugs. Multinucleoside resistant HIV-1 with a T69S

double insertion mutation in the reverse transcriptase showed reduced susceptibility to

tenofovir.

Genotypic and Phenotypic Analyses of VIREAD in Patients with Previous
Antiretroviral Therapy (Studies 902 and 907): See Description of Clinical Studies

In Vivo Resistance:

Post baseline genotyping in Studies 902 and 907 showed that seven of 237 VIREAD-
treated patients’ HIV (3%) developed the K65R mutation, a mutation selected by
VIREAD and other NRTIs in vitro. Among VIREAD-treated patients whose HIV
developed NRTl-associated mutations, there was continued HIV RNA suppression
through 24 weeks. The rate and extent of tenofovir-associated resistance mutations has

not been characterized in antiretroviral naive patients initiating VIREAD treatment.

Phenotypic analyses of HIV isolates after 48 weeks (Study 902, n=30) or 24 weeks
(Study 907, n=35) of VIREAD therapy showed no significant changes in VIREAD
susceptibility unless the K65R mutation had developed.

Narayana Battula, Ph.D

Microbiology Reviewer
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ABC
AIDS

ART
AUC
BDNA
CCso
CD4
Crnax
D4T
DATP
DNA
DNTP
DTTP
HAART
HBV
HBV DNA
HBeAg

HBeAb
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APPENDIX-1

GLOSSARY OF ABBREVIATIONS

Abacavir

acquired immunodeficiency syndrome
adenylate kinase

Antiretroviral therapy

area under the time-concentration curve
branched DNA

Concentration required for 50% cytotoxicity
antigenic marker on helper/inducer T cells

maximum serum concentration

* Stavudine

Deoxyadenosine triphosphate
Deoxyribonucleic acid
Deoxynucleoside triphosphate
thymidine triphosphate

highly active antiretroviral therapy
hepatitis B virus

hepatitis B virus deoxyribonucleic acid
hepatitis B envelope antigen

hepatitis B envelope antibody
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HBsAg

HIV, HIV-1,
HIV-2

HIV-RT
HPLC
ICso

PMEGpp
PMPA
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hepatitis B surface antigen

human immunodeficiency virus, type 1, and type 2

HIV reverse transcriptase

high-pressure (performance) liquid chromatography
concentration that inhibits 50%

Intravenous

kinetic inhibition constant

Michaelis-Menton constant

milligram(s)

milligrams per kilogram

nicotinamide adenine dinucleotide phosphate

not determined

nucleoside reverse transcriptase-inhibitor
non-nucleoside reverse transciiptase inhibitor
Nevirapine .

peripheral blood mononuclear cell

polymerase chain reaction

Phytohemagglutinin

Protease inhibitor

Pharmacokinetic
2-phosphonylmethoxyethylguanosine diphosphate

9-[(R)-2(phosphonomethoxy)propylJadenine
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PMPAp
PMPApp
Po

RNA

RT

RTI

Sc
SIVmac251
3TC
3TCTP
TDF

TK

TP

ZDV
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Tenofovir monophosphate

Tenofovir diphosphate

Orally

Ribonucleic acid

reverse transcriptase

reverse transcriptase inhibitor

Subcutaneously

simian immunodeficiency virus macaque strain 251

Lamivudine

. lamivudine triphosphate

Tenofovir disoproxil fumarate
Thymidine kinase
Triphosphate

Zidovudine
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APPENDIX-2

KEY TO AMINO ACID CODES

A Ala alanine
C Cys  cysteine
D Asp  aspartic acid
E Glu  glutamic acid
F Phe phenylalanine
G Gly glycine
H His histidine
I Ile 1soleucine
Lys  lysine
Len leucine -

Met  methionine
Asn  asparagine
Pro proline
Gln  glutamine
Arg  arginine

Ser serine

4 v ® 0 v Z Z - R

Thr threonine



<

Val
Trp
Tyr
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valine
tryptophan

tyrosine

74





