Pegylated IFNa-2b decreases latent HIV measures in ART-suppressed subjects.
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Abstract
Background

Data from NCT00594880 support that administration of pegylated interferon (Peg-IFN)-a2a
results in viral suppression and reduction in integrated proviral HIV DNA in ART-
suppressed subjects undergoing analytical ART interruption (ATI). NCT01935089 tested
the hypothesis that treatment with Peg-IFN-a2b, in the presence of HIV reactivation via
ATI.h wguld decrease the levels of latent viral reservoir in chronic HIV infection.

Methods

Study design: 20 individuals with chronic HIV infection (on ART, VL <50 copies/ml)
received 1 pglkg Peg-IFN-a2b sc for 20 weeks, with a 4 week ATI after 5 weeks of IFN
treatment. In addition to safety monitoring, HIV measures (see Table 1) were assessed at
baseline and end of treatment (EOT).

Statistical analysis: we used Wilcoxon Signed rank test to test differences between time
points; exact Fisher tests to compare frequency of viral suppression during ATI; Spearman
tests, mixed effect models and hierarchical clustering to test relationships between HIV
reservoir measurements.

Results

Of 20 subjects receiving treatment, 18 subjects completed treatment, with 7 grade 3-4 AEs
and no reportable SUSAR.

Peg-IFN-a2b suppressed plasma HIV RNA during a 4 week ATl in 52.6% of participants,
similar to Peg-IFN-a2a (NCT00594880: 66.6%, p= 0.5197), higher than ATI only (historical
controls: 12.5%, p= 0.0127)

At EOT the number of HIV RNA-expressing GALT cells was significantly reduced (p=
0.012); integrated HIV DNA in circulating CD4 also showed a decrease trend (p= 0.0797).
Despite some baseline correlations across HIV measures, their changes over time were
not correlated.

The change in GALT RNA was strongly correlated with baseline values. Similar significant
associations were also detected for integrated DNA, TILDA, p24 and 2LTR.

Plasma HIV RNA rebound during ATl was not associated with changes in reservoir
measures.

Conclusions

We conclude that treatment with Peg-IFN-a2b (20 weeks with a 4-week ATI) is safe, well
tolerated and can reduce the load of cells expressing viral RNA in GALT; additional viral
reservoir measures may be reduced in subjects with higher baseline levels.

Implications for future study design: the observed discordance between the tests
performed suggests that multiple assessments should be incorporated in future trial
design. In addition, randomized designs with no-treatment arm, robust test standardization
and repeated sampling at both baseline and EOT will be required extend these
observations and to rule out regression to the mean hiases.

Methods

Cohort description. 20 adult individuals with chronic HIV-1 infection receiving
suppressive combination ART (CART) were recruited in the Philadelphia, PA area
Study type. Single arm, open label clinical trial

Treatment. Pegylated IFN-a-2b (Pegintron, Merck Inc.)

Demographic characteristics. The study population was 23% female, 71%

African American, median age 47 y.o.

Visit Schedule and study disposition. See section 1

Collected data. Variables with missingness > 30% were excluded from the

analysis

Assays performed

Clinical labs: All clinical assessments were performed by Quest Diagnostics

PBMC (from whole blood or aphaeresis)

* Integrated proviral DNA (whole blood PBMC)

* Alu-Gag PCR. The integration assay was performed on CD4+ T cells
isolated from peripheral blood-derived cryopreserved PBMC by negative
magnetic selection. Briefly, Alu-gag-based polymerase chain reaction with
repetitive sampling techniques was used to increase the sensitivity and
accuracy of the assay in order to measure low levels of integration in patient
samples. Results are expressed as number of integrated HIV DNA copies
per number of CD4+ T cells (12).

* Invitro latency reactivation (Aphaeresis-derived PBMC)

e Tat/rev induced limiting dilution assay (TILDA). CD4+ T cells were
isolated and stimulated with PMA and ionomycin or DMSO (control); 24 hrs
later, cells were counted, re-suspended in PBS and added to 384 well plate
(4 dilutions, 24 replicates per stimulation). RT-PCR was performed after
diluting each well with TE (limiting dilution). At/rev amplicons were detected
in individual cells after 40 amplification cycles (13).

» HIV p24 Single Molecule Array (Simoa). Supernatants were collected from
the cultures described above after 24 and 48 hrs of stimulation; Cell pellets
were also collected by centrifugation and tested at 48h. HIV P-24 was
detected using the Quanterix method, with a limit of detection of 4 fg/ml

GALT (from colorectal mucosal biopsies)

» Cell-associated HIV DNA and RNA: Cryo-preserved cells derived from
colorectal mucosa hiopsies were evaluated for viral measures including
 Cell-associated HIV DNA [total HIV DNA (pol copies) and Episomal 2-

long terminal repeat (2-LTR) circles] by droplet digital PCR (ddPCR) as
previously described (14).

 Cell-associated HIV unspliced RNA (gag), multiply spliced RNA (tat/rev)
and poly-A tailed transcripts (PolyA), by reverse transcriptase-ddPCR as
previously described (14).

* Total HIV RNA
» HIV RNA was detected in formalin-fixed, paraffin embedded tissue sections

using full-length DNA probes, according to a previously reported in situ
hybridization technique (15,16).

Statistical analysis

« Visual inspection: exploratory graphing, distributions

» Assessment of data missingness

« Differences between time points: Wilcoxon signed rank test

 Relations between variables: Spearman correlation test, linear regression and
mixed effect linear models, Fisher's exact test, Hierarchical clustering (Ward
method) with missing data imputation

IntrOdUCtlon. HIV eradication and/or functional cure approaches require strategies aimed at reducing or eliminating latent HIV reservoirs located in all body sites (1). To this end, a number of strategies
have been tested (2-4), ranging from Latency Reversing Agents (LARs, 5) to immunological approaches (6,7), stem cell transplantation (8) and genetic engineering (9) , with very limited success. In addition, the
issue of what assay best measures the real size of the latent HIV reservoir remains open (10). Data from our NCT00594880 clinical trial (11) support that administration of pegylated interferon (Peg-IFN)-a2a
(Pegasys) results in viral suppression and reduction in integrated proviral HIV DNA in ART-suppressed subjects undergoing analytical ART interruption (ATI). The present study, NCT01935089, was designed to test
the hypothesis that treatment with Peg-IFN-a2b (Peglntron), combined with a brief Analytical treatment interruption (ATI) intended to induce HIV reactivation, would decrease the levels of latent viral reservoir in ART

suppressed individuals with chronic HIV infection.
2. Suppression of HIV replication on ATI

1. Study design and disposition | Disposition | N_|

Screened 22 Age: Median 47 (42-53 IQR)

Enrolled 20 Race: 71% Afr. Am.; 29% Cauc.

Screening failures 2 Gender: 24% female (n=5) o

Exposed 2 8 _

Adverse experiences * 8 Test mean  SD i\l '<_,:

Dose reductions 2 CD4 count (cells/pl) 777 | 187 z =

Premature discontinuation CD8 count (cells/ul) 772 | 275 = %,

of study drug 3 WBCC (106 cells/ul) 54 15 I j

Premature termination 2 Lymph. count 2001 453 g .%

Reached endpoint 18 ANC 2892 1315 3

Elected additional visit 16 RBC 46 .56 e
* 1: depression; 7: neutropenia Viral load (copies/ul) <20  n.a. Historic ATI Peg-lFN-aZa PeQ'IFN'GZb

20 Individuals with HIV-1 infection (18-65 y.0., 135-300 Ibs, on ART for > lyear, HIV VL<50 copies/ml, CD4 count = 450 cells/ul, absent pathological conditions that would contraindicate the
administration of type-I IFNs) were treated with a 20-week course of peg-IFN-a2b, with a 4-week analytical treatment interruption (ATI) from week 9 to week 13. Blood was collected approximately
every 4 weeks; leukaphaeresis and rectal mucosa biopsies were collected at baseline (wk. 0) and endpoint (wk. 24). Study disposition and baseline characteristics of the cohort are represented in
section 1: no SUSAR was reported, and the rate of AEs was as anticipated based on the product's information package and our prior clinical experience

3. Change in HIV measures upon exposure to Peg-IFN-a2b

Baseline | 20 weeks
(med; IQR) | (med; IQR)
98 08

109.5

At the end of the 4-week ATI, 9 of 19 (52.6%) participants experienced a VL = 50
copies/ml, similar to our prior results using Peg-IFN-a2a (NCT00594880: 66.6%, p=
0.5197), but significantly higher than ATI conducted in the absence of immunotherapy
(historical controls: 12.5%, p=0.0127), confirming the antiviral effect of Peg-IFN-a2a.

Alu-Gag PCR (58.5:286) | (62:377) 0 P<0.0001 N.S. P<0.0001
Tat/rev TILDA ( 4?'207%) ( 4?'2()295) n.s

HIV p24 SIMOA . 5551254 3 (5‘(1;‘6"_3 5| ns

2-LTR ddPCR (1.1;4161) (1.1’;‘1“4) n.s

HIV Pol ddPCR (39?3?75) (322%‘;46) n.s.

GALT I5H (0‘7%.142.4) (0.9;2.2) 0.012 N.S. P=0.0001. N.S.

LEFT PANEL: Viral measurements were assessed at baseline and endpoint (20 weeks on treatment, median and interquartile ranges). Changes over time were assessed using the Wilcoxon signed rank test. A significant change in these variables was observed only in the number of HIV-1 RNA-
positive cells in GALT hiopsies. We also observed a decline trend in integrated HIV DNA (Alu-Gag PCR, p=.08). No significant change between time points was observed for the other viral measurements. CENTER PANEL: adjacent sections of colorectal mucosa biopsies, were used to assess the
location of CD4+ T cells (A); and CD68+ macrophages (B) by immunohistochemistry, and to detect HIV RNA (full length) by in situ hybridization at baseline (C, magnified in E) and endpoint (D, magnified in F). Results suggest that a) HIV RNA+ cells are detected in GALT derived from ART-suppressed
individuals, mostly outside typical T cell zones, and b) 20 weeks of peg-IFN-a2b exposure lead to a significant decrease in HIV-1 RNA positivity. RIGHT PANEL: a strong correlation was observed between baseline values and change over time in treatment for GALT RNA, CD4+ T cell TILDA and cell-
associated GALT 2 LTR DNA, suggesting that a meaningful change in these variables would be observed mostly in subjects that have relatively high initial values.

4. Observed patterns of change in HIV measures
A B C

To test the hypothesis that the antiviral response to peg-IFN-a2b treatment was limited to a discrete group of subjects in

our cohort (i.e.: responders vs. non-responders), we assessed:

1. The correlation between the change over time (delta) in 5 of the HIV latent reservoir markers (see panel 3): a
Spearmen test indicated that only TILDA DNA and p24 were significantly correlated, as anticipated since both tests
are derived from the same in vitro stimulation assay (panel 4A).

2. Hierarchical clustering based on measures of latent HIV reservoir: this was performed based on a minimal set of 4
variables (addition of 2LTR and/or Pol did not improve the clustering). Based on this test we identified 3 subjects
that clustered separately from the others (panel 4B; see also PC analysis in panel C). However, there were no
significant differences in latent reservoir variables, clinical labs, baseline values or ability to suppress HIV replication
at week 4 of ATI between clusters.

3. The relationship between viral control on ATl and changes in markers of HIV replication or latent reservoir: no
significant difference was detected between individuals who suppressed to < 50 copies/ml during ATI and those
who became viremic (not shown).

Principal component 1

Principal component 2

Conclusions

We have assessed the effect of 20-weeks exposure to peg-IFN-a2b
(Peglntron), coupled with a brief ATI, on measures of latent HIV
reservoir in 18 ART-suppressed individual with chronic HIV-1
infection.

® Qur results indicate that treatment with peg-IFN-a2b:
¢ was safe and tolerable.

® resulted in the control of viral replication to < 50 copies/ml
during a 4-week ATl in 53% of the study subjects, similar to
peg-IFN-a2a (67%), and significantly different from
historical studies in subjects undergoing ATl without type-1
IFNs .

® resulted in significant decrease or complete loss of RNA-
positive cells in the GALT was the most clearly affected,

® resulted in a trend in loss of integrated HIV DNA in
circulating CD4+ T cells, consistent with our previous
reports.

¢ did not significantly alter other viral measures.

® High baseline levels were associated with greater change over
time for three of the variables assessed. Further testing in larger
cohorts with multiple time point assessments will be required to
confirm this finding.

® We did not observe significant correlations between independent
HIV latency/replication measures in tissue or PBMC.

® We conclude that eradication studies are currently best monitored
by assessing multiple HIV latency and replication measures.
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