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Abstract

Background—~Post-treatment control of viraemia after discontinuation of antiretroviral therapy
begun during primary HIV-1 infection is considered a potential path toward a sustained remission
of infection.

Methods—Subjects enrolled in an observational primary infection cohort who received at least
11 months of highly active antiretroviral therapy beginning within the first 12 weeks of HIV-1
infection and who subsequently discontinued therapy were evaluated for post-treatment control.

Results—Within a cohort of 389 subjects with primary HIV-1 infection enrolled over 22 years,
only 22 met criteria for evaluation of post-treatment control. Among these subjects, 21 (95%) had
loss of viral control (HIV-1 RNA>500 copies/ml) within 18 months after treatment
discontinuation, and only 1 (4.5%, 95% CI 0.32, 18.9) controlled viral load to levels <500
copies/ml for at least 24 months. The median time to virological failure was 2.17 (IQR 1.18-3.39)
months.

Conclusions—Our data suggest a low likelihood of post-treatment control even when highly
active antiretroviral therapy is started within 12 weeks of HIV-1 infection.

Introduction

A recent publication [1] described the VISCONTI cohort, a group of individuals treated
early during the course of HIV-1 infection whose viraemia remained controlled for several
years after discontinuing long-term antiretroviral treatment (ART). Known as post-treatment
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controllers (PTCs), most of these patients lacked features previously associated with
viraemic control such as protective HLA alleles [2,3]. The report estimated the probability
of post-treatment control to be as high as 15.3% among patients treated during primary
HIV-1 infection (PHI). We undertook a review of our own primary infection cohort to
determine the reproducibility of this finding.

The Seattle Primary Infection Program (SeaPIP) has enrolled individuals with PHI into an
observational cohort at the University of Washington Primary Infection Clinic (PIC) since
1992 [4-6]. At the time of cohort entry, all subjects were either HIV-antibody-negative with
detectable HIV-1 RNA (acute infection) or HIV-antibody-positive with a negative or
indeterminate western blot, negative ‘detuned’ antibody test or negative HIV test within 1
year of screening (early infection). All subjects were enrolled within 240 days after
infection, estimated to be the date of onset of seroconversion symptoms or, for
asymptomatic subjects, the mid-point between the last negative and first positive HIV tests.
From 1992 to May 2014, 389 subjects were enrolled. Over time, some subjects initiated
treatment during PHI based on the availability of potent ART, strength of consensus
treatment recommendations and personal preferences.

To determine the prevalence of PTCs in the SeaPIP cohort, we identified subjects who
satisfied the following conditions: initiation of potent ART within 12 weeks of the estimated
date of infection, continuation of potent ART for =11 months and subsequent
discontinuation of therapy. Drug combinations considered potent were: any three-drug
regimen including a boosted or unboosted protease inhibitor, non-nucleoside reverse
transcriptase inhibitor, integrase inhibitor or CCRS5 inhibitor; the triple nucleoside reverse
transcriptase inhibitor combination of zidovudine/lamivudine/abacavir (Trizivir); or any two-
drug boosted protease inhibitor regimen. In order to be evaluable for this analysis we
required that the subject have HIV-1 RNA less than the lower limit of quantitation prior to
their treatment interruption (all but one were <50 copies/ml, one was <90 copies/ml) at least
2 weeks of interruption, and an HIV-1 RNA measurement prior to any treatment re-
initiation. Virological control was defined as HIV-1 RNA levels <500 copies/ml for at least
24 months and virological failure as either the first of two consecutive HIV-1 RNA levels
>500 copies/ml or one RNA level >500 copies/ml followed by resumption of ART. A
Kaplan—Meier time-to-event analysis was used to estimate the probability of remaining off
ART without virological failure. A Fisher’s exact test was used to evaluate the association of
HLA type and seroconversion symptom severity. Log-rank statistics were used to evaluate
association of HLA type and seroconversion symptom severity with virological failure. All
tests were two-sided with alpha 0.05. Stata SE version 12.0 was used for all analyses
(StataCorp, College Station, TX, USA).

There were 251 treatment-naive subjects whose first antiretroviral regimen was a potent
combination (ART) regimen. Of these, 144 initiated treatment within 12 weeks of HIV
infection, including 60, 51 and 33 who started treatment within 0—<4 weeks, 4-<8 weeks
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and 8-<12 weeks, respectively (Figure 1). Nine (15%) of the 60 treated within 4 weeks, 11
(22%) of the 51 treated within 8 weeks, and two (6%) of the 33 treated within 12 weeks met
criteria for analysis. Thus, of the 389 subjects enrolled in the SeaPIP cohort over more than
20 years, only 22 (6%) could be evaluated for post-treatment control.

Demographic and other baseline characteristics of the 22 evaluable subjects are shown in
Table 1. The distribution of baseline characteristics does not mirror the entire cohort as more
recent trends have been for earlier identification of infection and for continuation, rather
than interruption, of treatment begun during primary infection. Interestingly, HLA B35,
associated with rapid HIV-1 progression, is overrepresented among our subjects (7 of 21,
33%) compared with the 8-15% prevalence reported in other HIV-infected populations
[7,8], but is similar to the prevalence reported in the VISCONTI cohort. This may be
explained by an association of HLA B35 with severity of seroconversion symptoms (42
(62%) of the 68 with HLA B35 had severe symptoms, compared with 95 (39%) of the 247
without HLA B35; £=0.001) making those with HLA B35 more likely to have been
identified in primary infection.

Four (18%) of 22 evaluable subjects began treatment at Fiebig Stage I or 11 [9]. Following
initiation of ART, the 22 subjects were treated for a median of 28.4 (IQR 19.5-37.9) months
and then followed off-treatment for a median of 19.0 (IQR 7.2-40.6) months. The reasons
for treatment discontinuation included: structured treatment interruption in the setting of a
clinical trial (/=4) or as subject decision under clinical care (7=12), lack of access to
medical care/insurance coverage (/7=3) or antiretroviral side effects (7=3). Twenty-one
(95%) of the 22 subjects had loss of viral control (HIV-1 RNA>500 copies/ml) within 18
months after treatment discontinuation (Figure 2). Virological failure occurred in 13 (59.1%)
within 3 months, 19 (86.4%) within 6 months, 20 (90.9%) within 9 months, and 21 (95.4%)
within 18 months. The median time to virological failure was 2.17 (IQR 1.18-3.39) months.
There was a trend toward more rapid loss of virological control among subjects having
either HLA B35 (P=0.13) or severe seroconversion symptoms (~=0.076). Within 3 months
5/7 (71%) with HLA B35 and 7/14 (50%) without HLA B35 experienced loss of virological
control. Similarly, within 3 months 7/11 (64%) with severe seroconversion symptoms and
6/11 (54%) without severe symptoms experienced loss of virological control. Only 1 subject
(4.5%, 95% CI 0.32, 18.9) controlled viral load to levels <500 copies/ml for at least 24
months. This subject is known to be wild-type for CCR5 and does not have HLA type B27
or B57. However, he did have other factors in PHI associated with a favourable prognosis:
he was asymptomatic and his pre-therapy HIV-1 RNA was 2, 248 copies/ml within a week
after having an indeterminate western blot (Fiebig IV) [9]. This subject is shown with id
63792 in Figure 2: virological control with RNA<500 copies/ml was maintained for 3 years
after treatment discontinuation, with subsequent values similar to pre-therapy levels (1,038-
3,737 copies/ml) for the ensuing 3 years.

Several of the evaluable subjects had some degree of virological control not meeting the
stringent criterion of <500 copies/ml, including one subject with HIV-1 RNA<1,000
copies/ml for 7 months before losing control, another who had a pretreatment HIV-1 RNA
value of 4.4 million copies/ml and showed post-treatment levels of <4,000 copies/ml for the
nearly 4 years he was followed, and a third who had a pretreatment HIV-1 RNA of 750,000
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copies/ml and post-treatment levels <3,000 copies/ml for nearly 2 years until RNA increased
and he restarted potent ART. Of interest as well is a subject with an initial post-treatment
RNA increase to 37,345 copies/ml, followed by evidence of substantial post-treatment
control (<300 copies/ml) at three time points over 7 months before RNA increased and
potent ART was subsequently restarted.

Our last observation relates to four subjects who had frequent HIV-1 RNA sampling done
after treatment discontinuation in the context of a therapeutic vaccination protocol [10].
Each of these subjects (two vaccine and two placebo recipients) showed HIV-1 RNA levels
of under 50 copies/ml for 2—4 weeks off treatment, and then a rebound to detectable levels.
These data are consistent with that from studies of patients with established HIV infection
that typically demonstrate trajectories of viral rebound within 2—4 weeks of treatment
interruption [11,12].

Overall, amongst the 21 subjects who did not maintain control, 7 did not re-start treatment
over a median duration of additional follow-up of 40.6 (6.4—44.0) months prior to censoring.
The remaining 14 re-initiated treatment at a median time of 15.1 (7.2-31.4) months from the
time of treatment discontinuation.

Discussion

The VISCONTI cohort has generated renewed excitement about the possibility of
virological control after ART started during primary infection [1]. Review of our primary
infection cohort identified a smaller proportion of individuals who met the definition of a
PTC; however, the 95% CI for our data contains the percentage (15%) of treated patients
observed by the ANRS VISCONTI report to be able to control viraemia for at least 24
months. Given our single controller’s relatively low HIV-1 RNA levels during primary
infection, however, we question whether he might have become a natural controller,
regardless of initiation of early therapy. Nonetheless, under the scenario where this subject is
considered non-evaluable and therefore excluded, then all subjects lose virological control
by 24 months and the upper bound of the exact binomial 95% CI is 16.1%, remaining
consistent with the ANRS VISCONTI data [1]. We also conducted an analysis to determine
whether our conclusions would be affected by including subjects who started therapy
slightly later, up to 20 weeks, into primary infection. This subsequent analysis identified 7
additional subjects, such that among all 29 subjects, the percentage of those who controlled
HIV-1 RNA to levels <500 copies/ml for at least 24 months was 6.9% (95% CI 1.2, 19.8).
The only additional subject who had features of post-treatment control in this expanded
analysis similarly showed features that might be associated with natural control, including
low HIV-1 RNA (3,428 copies/ml) during primary infection and HLA B57.

Our findings highlight the difficulty of assessing outcomes of very early therapy even within
a relatively large primary infection cohort. Specifically, even within a cohort of this size,
there were only a small number of individuals treated within the earliest stages of primary
infection and only a small proportion of those subsequently discontinued antiretrovirals. Our
data are then limited by the fact that the cohort is followed through an observational study
and has variable censoring.
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Nonetheless, important implications can be derived from the data collected across primary
infection studies [1,13-18] suggesting that treatment of HIV-1 infection during the very
earliest stages of infection may impact immunological responses and limit the development
of viral reservoirs. Given the relevance of reservoir development to possible functional cure,
additional data from our cohort and others should help clarify why a limited subset of those
treated during primary infection show evidence of post-treatment control. Understanding the
defining characteristics of this subset could prove key in strategies to control viraemia and
provide a path toward functional cure of HIV infection.
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Figurel.

Algorithm showing ART initiation and discontinuation among 389 subjects enrolled with

primary HIV-1 infection

4Indicates highly active antiretroviral therapy (HAART) as first treatment with no preceding
non-HAART antiretroviral (ART) regimen. “Evaluable subjects had HIV-1 RNA below the

limit of assay quantitation prior to interruption, at least 2 weeks of interruption, and an

HIV-1 RNA measurement prior to any treatment re-initiation.

Antivir Ther. Author manuscript; available in PMC 2017 December 20.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Maenza et al.

RNA, log, copies/ml RNA, log,, copies/ml

RNA, log,, copies/ml

8 - Subject ID = 11592 I 2,000
1,500
- 1,000
- 500
T T 2 0
0 2 4 6 8 10
Years since HIV infection date
Subject ID = 33269
8 |- 2,000
- 1,500
- 1,000
_m
# - 500
A0
0 2 4 6 8 10
Years since HIV infection date
- Subject ID = 34993 L 2,000
1,500
~ 1,000
- 500
T T I T T - T T 0
0 2 4 6 8 10
Years since HIV infection date
8 4 . Subject ID = 38051 L 2,000
7 i
6 i - 1,500
5= |
4 - - 1,000
3 I {l
2 Mo - 500
146 |
0 ! -0
T T T T T T
0 2 4 6 8 10

Years since HIV infection date

suws|eo-1 +ao UWYSI90-1 .00 swiwi/s|@o-1 +ad

Wwys)8o-1 .pao

RNA, log,, copies/ml RNA, log,, copies/ml RNA, log, , copies/ml

O = N W s 3 - m
|

RNA, log,, copies/ml

8.—

O = N WA O3 - @
1

Page 8
. Subject ID = 25807 - 2,000
~ 1,500
1,000
- 500
T T T ; G
6 8 10
Years since HIV infection date
Subject ID = 34409
| - 2,000
~ 1,500
~ 1,000
- 500
-0
T I I I I
2 4 6 8 10
Years since HIV infection date
Subject ID = 35188
I~ 2,000
1,500
~ 1,000
= 500
«
T T T T T _ 0
2 4 6 8 10
Years since HIV infection date
Subject ID = 41319
| |- 2,000
- 1,500
= 1,000
- 500
- T T T 0
2 4 6 8 10

Years since HIV infection date

Antivir Ther. Author manuscript; available in PMC 2017 December 20.

SWW/SI99- 1 A0 AUW/S|e0-1 .$AD

WW/S|199-1 HAD

SWUy/S|89-1 a0



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Maenza et al.

RNA, log,, copies/ml

RNA, log,, copies/ml

RNA, log,, copies/ml

RNA, log,; copies/ml

Subject ID = 43510

8 I 2,000
?’ -
6 1,500
5
4 ~ 1,000
3
2 ~ 500
1
a T T T T T T a 0
0 2 4 6 ] 10
Years since HIV infection date
Subject ID = 63792
8 B - 2,000
i !
7 :,'anQ.
6 ;i | a - 1,500
_ VLR
& Y \ S e e,
41 Y - 1,000
s{t °
2 ~ 500
1 -
0- ] I I 1 1 I 3 0
0 2 4 6 8 10
Years since HIV infection date
Subject ID = 69689
8 4 - 2,000
? —
6 ~ 1,500
5
4 1,000
3
2 - 500
1 -
0 - -0
T T T T T T
0 2 4 6 8 10
Years since HIV infection date
Subject ID = 81563
8 - 2,000
? -
1,500
1,000
~ 500
T T -0
0 2 4 6 8 10

Years since HIV infection date

swys|ea-1 .+ad cW/s|Ie2-1 .#a0 sWwfs|ea-1 .+ad

cUW/s|80-1 . +a0

RNA, log,, copies/ml RNA, log, copies/ml

RNA, log,, copies/ml

RNA, log,, copies/ml

O =< N W s WL 3 N @ O = MW ok e~ @ O = MW hsE O d N @

O = N W RO ® N @

Subject ID = 56381

Page 9

5 | - 2,000
- 1,500
1,000
- 500
- -0
I I I T 1 1
0 2 4 6 ] 10
Years since HIV infection date
Subject ID = 67505
b ~ 2,000
- - 1,500
- 1,000
= 500
-0
0 2 4 6 8 10
Years since HIV infection date
Subject ID = 78569
4 I 2,000
d - 1,500
~ 1,000
- 500
- I T T I I T -0
0 2 4 6 8 10
Years since HIV infection date
Subject ID = 82548
- - 2,000
- - 1,500
-i - 1,000
bl
1 wj“'d '
-1 W - 500
o T T T T T T 3 0
0 2 4 6 8 10

Years since HIV infection date

Antivir Ther. Author manuscript; available in PMC 2017 December 20.

eWW/S|8-1 -+a0 SWIW/S|I82-1 a0

gWWYS|I83-] $00

(WW/S|[89-1 +¥0D



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Maenza et al.

RNA, log,, copies/ml

Subject ID = 88787

RNA, log,, copies/ml

RNA, log,, copies/ml
o = N W ke OO~ @

Figure 2.

Subiject ID = 90793

Page 10

— 2,000 8 -
E
-1500 8 g
» a
-+ 8
- 1,000 g o
e
L s0 3 $
5 2, =
i 0
2 4 6 8 10 0 2 4 6 8
Years since HIV infection date Years since HIV infection date
ject ID = 917 bject ID = 92624
Subject ID = 91766 _ 2000 Subjec 926!
- 1,500 fU: %
7'| 2
'ﬁ\ A | - 1,000 § g;
L A g g
Lso0 3 £
c
=0
T T T T
4 6 8 10 0 2 4 6 8
Years since HIV infection date Years since HIV infection date
ject ID = 941 i =
Subjec 94109 _ 2,000 gl Subject ID = 96695
o E
F150 8 %
8
- g
100 8§ %
¢ 8
500 3 2
o
-0
T T
2 4 6 8 10
Years since HIV infection date Years since HIV infection date
B
o 1.00 |
;. J_l—'—l
£ 0.80
[}
Ks]
8 060
g
=
G 0.40 -
o)
=
2 0.204
o
[
& 0.00
’ T T T T T ] ] T ] T
0 3 6 9 12 18 24 30 36 42

At-risk: 22 9 3

Months since HAART interruption

2 2

1

1 1 1 0

- 2,000
-1,500 S
=
iy
- 1,000 8
e
3
Fs00 3
-0
10
_ 2,000
- 1,500 §
o
- 1,000 §
e
3
- 500 3
-0
10
-~ 2,000
- 1,500 8
&
ih
- 1,000 §
@
3
s 500 3
-0
T
10

Data from 22 subjects evaluated for post-treatment control and Kaplan—Meier curve showing
the cumulative probability of virological failure
(A) Data from 22 subjects evaluated for post-treatment control are shown. HIV-1 RNA data
shown as closed circles. CD4 lymphocyte data shown as open squares. The first solid
vertical line indicates highly active antiretroviral therapy (HAART) initiation in all subjects.
The dashed vertical line indicates HAART interruption. The last solid vertical line indicates
treatment re-initiation (for those subjects who re-started antiretroviral therapy while still in
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follow-up). (B) A Kaplan—-Meier curve showing the cumulative probability of virological
failure. The number of subjects at-risk at each time point is shown below the figure.
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Characteristics of subjects evaluated for post-treatment control and overall PIC cohort

Characteristic

Subjects evaluable for post-treatment
control (n=22)

All other PIC subjects (n=367)

Enrolment year
Months from estimated date of infection to ART
Age, years
Male
Race/ethnicity: non-Hispanic White
Education, years
HIV risk group
MSM
Heterosexual
MSM/IDU
IDU
Other/unknown
Seroconversion symptoms
Asymptomatic
Mild symptoms, no medical attention
Mild symptoms, medical attention
Severe symptoms, medical attention
Severe symptoms, hospitalized
Unknown
Fiebig stage at diagnosis of primary infection
|
1mé
I}
11
\Y
\%

vIvID
Vi
Missing
Fiebig stage at treatment initiation
1neé
1
11
v
\%

il
Vi
Missing

2000 (1998-2002)
1.1 (0.7-1.6)

35 (30-39)

22 (100)

20 (91)

16 (14-17)

21 (95)
1(5)

0

0

0

2(9)
2(9)
7(32)
10 (45)
1(5)

0

2(9)
10 (45)
0

0
3(14)
4 (18)
1(5)

0

2(9)

2(9)
2(9)

0

1(5)
11 (50)
1(5)
4(18)
1(5)
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2001 (1996-2007)

Not described for overall cohort
33 (27-40)

357 (97)

306 (84)

15 (13-16)

305 (83)
15 (4)
24(7)
3(1)

20 (5)

56 (15)
62 (17)
88 (24)
137 (37)
23 (6)
1(03)

113)
88 (24)
13 (4)
8(2)

49 (13)
62 (17)
110 (30)
10 (3)
16 (4)

Not described for overall cohort
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Characteristic Subjects evaluable for post-treatment All other PIC subjects (n=367)
control (n=22)
HLA type (27/35/57)¢
HLA B27 0 21(7)
HLA B35 7(33) 61 (21)
HLA B57 0 26 (9)
Missing 1(5) 73 (19)
First ARV regimen
None N/A 98 (27)
NRTI-only 0 40 (11)
NNRTI-based 5(23) 80 (22)
Pl-based 16 (73) 111 (30)
NNRTI/Pl-based 1(5) 16 (4)
Integrase-inhibitor-based 0 20 (5)
Unknown 0 2(1)
Specific first ARV regimen Not described for overall cohort
EFV; 3TC; ABC 2
EFV; TNV, FTC 1
NVP; 3TC; D4T 2
NFV; 3TC; D4T 1
IDV; 3TC; D4AT 3
IDV; AZT; 3TC 4
IDV; RTV; 3TC; ABC 3
LPV; RTV; 3TC; ABC 1
LPV; RTV; 3TC; DAT 1
LPV; RTV; TNV, FTC 2
ATZ; RTV; TNV, FTC 1
EFV; IDV; 3TC; ABC 1
CD4 lymphocyte count closest to treatment initiation (-15 to +1 Not described for overall cohort
days)d
Absolute CD4* T-cell count, cells/mm3 576 (365-779)
CD4 percentage 32 (24-42)
HIV-1 RNA, copies/ml
At earliest time point in primary infection 505, 412 (26,600-3,717,000) 86, 807 (17,130-483,690)
Closest to treatment initiation (-15 to +1 days) 119, 807 (12,588-635,000) Not described for overall cohort

Data are 77(%) or median (IQR).

a. . . s s . - . .
Fiebig I/11 indicates that a distinction could not be made between Fiebig | and Fiebig Il as p24 antigen results were not available for the relevant
time point.

bFiebig V/VI indicates that a distinction could not be made between Fiebig V and Fiebig VI as western blot bands were not available for the
relevant time point.

cData available for 21/22 evaluable and 294/367 other subjects. Among the other subjects, 2 subjects had both HLA B35 and B57, and 1 subject
had both HLA B27 and HLA B57 alleles.
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dData available for 21/22 evaluable subjects. One subject did not have any CD4 data available until 11 days after treatment initiation. ABC,
abacavir; ATZ, atazanavir; ART, antiretroviral therapy; ARV, antiretroviral(s); d4T, stavudine; EFV, efavirenz; FTC, emtricitabine; IDU, injection
drug use; IDV, indinavir; LPV, lopinavir; MSM, men who have sex with men; NFV, nelfinavir; NNRTI, non-nucleoside reverse transcriptase
inhibitor; NVP, nevirapine; Pl, protease inhibitor; PIC, Primary Infection Clinic; RTV, ritonavir; TNV, tenofovir disoproxil fumarate; 3TC,
lamivudine.
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