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DISCORDANT RESPONSES
TO ANTIRETROVIRAL THERAPY

Responses to potent antiretroviral ther-
apy in the form of increases and
stabilization in CD4+ cell count may
occur in spite of persistent viremia.
Potential biologic explanations and
clinical implications of these discor-
dant responses were discussed at the
Boston course by Amalio Telenti, MD.

linicians have been confronted with

a diversity of responses to potent
=== antiretroviral therapy. As shown in
Figure 1, these responses include not only
the optimal suppression of HIV-1 viremia
and continuous increase of CD4+ cell
count, but also various manifestations of
treatment failure. Treatment failure may
present with depletion of CD4+ cells fol-
lowing rebound of viremia. However, the

The most frequent
discordant response
is increase and
stability of
CD4+ cell count in
spite of significant

viremia

diversity of responses also includes a
paradoxical failure to reconstitute the im-
mune system despite successful suppres-
sion of viremia, and instances of increase
and stability of CD4+ cell count in spite
of significant viremia. The latter form of
discordant response occurs more fre-
quently than the former and may
constitute a common response in a sub-
stantial number of patients in whom
potent antiretroviral therapy is considered
to be failing.

(A)
500 6

400 -
300 ,
200

w] A =

04— R PR e S E A e R
24 -12 0 12 24 36 48 60 72 84 96

©
500
400

300

—=— CD4+ Count (cells/pL)

200
100

(B)
500 r6

400 - -\
300

200

ey
100 E
5
U
04— L . R 2 g
24 412 0 12 24 36 48 60 72 84 96 ]
=]
%0
) k]
-]
500 X e =
00T N / g
400 7 y / =
i e i L5 >
\ i
300 '
JE L4
200
1004/ \,-—f/\__ M3
0 DR S T R 2

o+—1—T—T—T1 T T T T T T2
24 -12 0 12 24 36 48 60 72 84 96

T
24 212 0 12 24 36 48 60 72 84 96

Initial Potent Antiretroviral Therapy (weeks)

Figure 1. Patterns of virologic and immunologic response after initiation of potent an-
tiretroviral therapy. (A) Optimal response, with viral load maintained below assay
detection limits and continuous increase in CD4+ cell count. (B) Discordant response of
persistent viremia and increase in CD4+ cell count. (C) Discordant response of suppres-
sion of viremia and absence of change in CD4+ cell count. (D) Advanced treatment
failure. Adapted from Perrin L, Telenti A. Science. 1998;280:1871-1873.

Recent data from the Swiss HIV
Cohort Study indicate that antiretroviral
therapy produces immunologic and clini-
cal benefit in many patients despite the
absence of optimal control of viremia.
Laboratory data are providing informa-
tion on the virologic and immunologic
basis for this benefit. Precisely how
these combined findings are to influence
management of patients with suboptimal
control of viremia remains to be deter-
mined.

POSSIBLE MECHANISMS
FOR THE DISSOCIATED
CD4+/VIREMIA RESPONSE

Reduction in Level of Viremia,
Mutations, and Viral Fitness

. One potential explanation for the im-

munologic benefit despite lack of control
of viremia is the moderate reduction in
viral load observed in patients failing

therapy. Explaining this “residual” activ-
ity of therapy requires an understanding
of changes in the replication kinetics of
multidrug-resistant virus.Viral isolates
from patients with persistent viremia on
potent therapy typically exhibit multiple
mutations in the protease and reverse
transcriptase (RT) enzymes, and these
viruses may exhibit replication defects
associated with most of the major pri-
mary mutations (Figure 2). In the
presence of primary mutations (those ap-
pearing early during the development of
resistance, and generally involving the
active site of the enzyme), the adaptive
effort of the virus will include develop-
ment of secondary mutations that may
contribute to improved function of the
mutated enzyme. However, secondary,
compensatory mutations may not restore
full replicative capacity of the virus.
Mammano and colleagues have demon-
strated, for example, that efficiency of
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HIV-1 protease in processing Gag viral
protein is decreased in vitro despite com-
pensatory secondary mutations in the
enzyme Gag cleavage site, resulting in
production of immature virions.
Similarly, Back and Berkhout have
demonstrated that replicative efficiency
is markedly reduced in virus with the RT
M184I mutation that precedes the char-
acteristic M184V mutation conferring
resistance to the nucleoside reverse tran-
scriptase inhibitor (nRTI) lamivudine.
The latter mutation is associated with in-
creased RT function compared with the
former, but reduced RT function com-
pared with wild-type virus. (It is
noteworthy that this defect is more pro-
nounced in the presence of low
intracellular deoxynucleoside triphos-
phate (ANTP) concentrations, a factor
that may explain the observed activity of
hydroxyurea in increasing the antiretro-
viral activity of purine nRTIs in the
context of antiretroviral resistance.)
Research by Dr Telenti and colleagues
indicates that most RT and protease mu-
tations have been associated with
measurable changes in viral fitness.
Changes in viral infectivity, replicative
efficiency, and pathogenicity may affect
the relationship of CD4+ cell destruction
and production in HIV-1 infection.

— Pretherapy
— Posttherapy
70,000
= 60,000+
E
T 50,000
£
= 40,000 -
g
2 30,000
<
i 20,000
o
& 10,000 -
0 T T T 1
0.0 235 5.0 7.5 10.0

Time (days)
(inoculum 100 pg, p24/mL)

Figure 2. Replication kinetics in peripheral
blood mononuclear cells of an isolate
obtained prior to potent antiretroviral
therapy (pre) and a multidrug-resistant iso-
late obtained from the same patient during
therapy (post). Courtesy of A Telenti, MD.

TaBLE 1. CD4+ CeLL RECOVERY IN 2 PATIENTS WITH AND WITHOUT

MuULTIDRUG-RESISTANT HIV

Patient 1:

Wild-Type HIV-1

Patient 2:
Multidrug-Resistant HIV-1

Baseline CD4+ Count 69 28

(cells/pL)

Current CD4+ Count 536 424

(cells/pL)

Current Viremia <100 70,600

(copies HIV-1 RNA/mL)

Memory CD4+ (RO+) 56% 26%

Naive CD4+ (RA+) 41% 59%

Cells in Cycle 2.1% 1.3%

(CD4+ Ki67+)

Altered Cellular Tropism

An alternative hypothesis for the discor- . o

dant response is the reduced ability of Mamtammg d
multiresistant viruses to inhibit T-cell re- .

generation. Stoddart and colleagues have discordant r esponse

demonstrated that while both wild-type
and resistant viruses are capable of de-
pleting mature CD4+ cells in vitro, they
display a different pathogenic potential
on thymic precursors. In a SCID-hu
mouse (a mouse containing human
thymic tissue), only the wild-type virus
caused productive infection and deple-
tion of CD4+ cells.

Apart from the decreased damage to
thymus implants in animal models, addi-
tional evidence from research by Deeks
and colleagues demonstrates a prolonged
survival of CD4+ cells generated under
conditions of persistent viremia under
treatment, compared with CD4+ cells in
patients with similar degrees of viremia
who are not taking a protease inhibitor-
containing regimen. In addition, it has
been demonstrated that the CD4+ cell
count increases observed in patients with
multidrug-resistant virus and persistent
viremia include increases in CD4+ cells
of naive phenotypé, irrespective of level

of sustained CD4+
cell count and
persistent viremia
may be the sole
alternative for some

patients

of viremia. This finding indicates the po-
tential for immune reconstitution. As
illustrated in Table 1, comparison of a
patient with controlled viremia and wild-
type virus with a patient with significant
viremia and multidrug-resistant virus
shows comparable percentages of naive
CD4+ cells and cells in cycle (Ki67+) in
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the context of comparable increases in
overall CD4+ cell count.

Other Potential Mechanisms

Protease inhibitors may induce a sus-
tained CD4+ T-cell response through
mechanisms independent of their direct
antiviral activity. A recent study by
André and colleagues suggests that pro-
tease inhibitors may inhibit HIV-specific
cytotoxic T-lymphocyte (CTL) activity.
In the study, ritonavir, and to a lesser ex-
tent saquinavir, reduced major histo-
compatibility complex-1-restricted anti-
gen presentation in mice infected with
the lymphocytic choriomeningitis virus,
and thus diminished CTL-mediated an-
tiviral response. No direct effect of
aspartyl protease inhibitors on apoptosis
pathways (cysteinyl-aspartic proteases)
has been shown.

CLINICAL CONSEQUENCES OF
DISCORDANT RESPONSES

Data from the Swiss HIV Cohort Study
indicate a beneficial effect on CD4+ cell
counts and clinical progression in pa-
tients on potent antiretroviral therapy
with persistent viremia. Figure 3 shows
changes in CD4+ cell count and plasma
HIV-1 RNA level in patients from this
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Figure 3. Changes in CD4+ cell count and plasma viremia (mean, 95% confidence
interval) according to prior magnitude of control of viremia in patients receiving potent
antiretroviral therapy in the Swiss cohort. Courtesy of A Telenti, MD for the Swiss HIV

Cohort Studly.

cohort who have either (1) maintained
plasma HIV-1 RNA level below 400
copies/mL; (2) achieved plasma RNA
levels below 400 copies/mL but experi-
enced viral rebound; or (3) never had
viremia reduced to below limits of detec-
tion (whether as a result of documented
resistance or as a result of other factors
such as lack of adherence). A 24-month
increase in CD4+ cell count of approxi-
mately 70/uL occurred in the third group
in spite of the relatively small effect on
viral load and presumed poor adherence
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to treatment in an undefined proportion
of patients. As shown in Figure 4, data
on clinical progression in these groups of
patients show degrees of clinical benefit
that correspond with the CD4+ cell in-
creases and that are greater for each
group than for similar historical compari-
son groups that were treated prior to the
era of potent antiretroviral therapy.

After initiation of potent antiretrovi-
ral therapy, a rise in CD4+ cell count by
50/uL or more by 6 months reduced the
risk of opportunistic events by 68%.
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Figure 4. Rates of progression to death or opportunistic disease according to prior control of viremia in the Swiss cohort compared with
rates in patients with similar control of viremia treated in years prior to availability of protease inhibitors and use of potent antiretroviral
regimens. Adapted from Ledergerber B, et al. Lancet. 1999;353(9156):863-868.
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Virologic
Failure
Early Established
Failure Failure
>2 Options <2 Options

Figure 5. Proposed algorithm for management of treatment failure. Managing failure re-
quires analysis of 2 factors: whether the failure is early (first record of rebound of viremia)
or established, and the number of treatment options available. Courtesy of A Telenti, MD.

Achieving a CD4+ cell count of 200/uL
during treatment is also associated with a
dramatic protective benefit, with a less
than 5% risk of an opportunistic event
occurring over 18 to 24 months in such
patients.

MANAGEMENT OF DISCORDANT
RESPONSES

How the observation of immunologic
and clinical benefit under potent an-
tiretroviral therapy despite persistent
viremia impacts clinical management re-
mains unclear (Figure 5). For example,
in cases of established virologic failure
(as opposed to early treatment failure),
should patients with CD4+ cell counts
greater than 200/uL with several drug
options still available be maintained on
the current regimen (perhaps increasing
the number of mutations and further im-
proving viral fitness) or should their
treatment be altered at the potential ex-
pense of losing future treatment options?

Alternately, maintaining a discordant
response of sustained CD4+ cell count
and persistent viremia may be the sole
choice for patients with extensive expo-
sure to antiretrovirals and few remaining
treatment options. Switching to a dual-
protease inhibitor-containing regimen
from a single protease inhibitor-contain-
ing regimen in patients with CD4+ cell

counts below 200/uL constitutes a treat-
ment option that may produce a
protective increase in CD4+ cell count
and/or increase of the CD4+ cell count to
greater than 200/uL irrespective of
whether viremia can be controlled. Data
from the Swiss cohort indicate that such
a switch in patients with persistent
viremia has been associated with addi-
tional, CD4+ cell count gains of
approximately 50/uL. Additional support
for maintaining patients with few or no
treatment options on potent antiretroviral
therapy despite persistent viremia may

be provided by the observation of
marked increases in viremia and declines
in CD4+ cell count when the regimen is
withdrawn. Dr Telenti and colleagues
have consistently observed such a re-
sponse to withdrawal of these regimens
irrespective of prior degree of control of
viremia under treatment (Figure 6).

CONCLUSIONS

Discordant responses to potent antiretro-
viral therapy are not uncommon,
particularly the response of increased
and then stabilized CD4+ cell count de-
spite persistent viremia. Continuing
antiretroviral therapy may represent the
only remaining alternative for patients
with extensive exposure to antiretrovirals
and limited additional options. Such con-
tinued treatment may maintain
evolutionary pressure on the virus and
thus potentially maintain its relatively re-
duced fitness. In such cases, it is
important that adherence to the antiretro-
viral regimen is maintained, since
immunologic progression is characteris-
tic of withdrawal of treatment. When to
switch antiretroviral therapy remains a
complex issue.

Amalio Telenti, MD, is Chief of the
HIV Unit at the University Hospital of
Lausanne in Switzerland.
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Figure 6. Effect on CD4+ cell count of interruption of potent antiretroviral therapy in pa-
tients with initially controlled viremia and viral rebound, uncontrolled viremia and viral
rebound, or uncontrolled viremia and no viral rebound. Adapted from Kaufmann DK, et

al. Lancet. 1998;351:723-724.

11

VOLUME 7, SEPTEMBER 1999




International AIDS Society—USA

SUGGESTED READING

André P, Groettrup M, Klenerman P, et al. An inhibitor of HIV-1
protease modulates proteasome activity, antigen presentation and
T cell responses. Proc Natl Acad Sci USA.1998;95:13120-13124.

Back NK, Berkhout B. Limiting deoxynucleoside triphosphate con-
centrations emphasize the processivity defect of lamivudine-
resistant variants of human immunodeficiency virus type 1 reverse
transcriptase. Antimicrob Agents Chemother. 1997;41(11):2484—
2491.

Deeks S, Hoh R, Hanley MB, et al. T-cell turnover kinetics in pa-
tients with a sustained CD4 response after experiencing virological
failure of a protease inhibitor-based regimen. In: Abstracts of the
6th Conference on Retroviruses and Opportunistic Infections;
January 31— February 4, 1999; Chicago, lll. Abstract LB2.

Kaufmann DK, Pantaleo G, Sudre P, Telenti A, for the Swiss HIV
Cohort Study. CD4-cell count in HIV-1 infected individuals re-
maining viraemic with potent antiretroviral therapy (HAART).
Lancet. 1998;351:723-724.

Ledergerber B, Egger M, Opravil P, et al. Clinical progression and

virological failure on highly active antiretroviral therapy in HIV-1
patients: a prospective cohort study. Swiss HIV Cohort Study.
Lancet. 1999;353(9156):863-868.

Mammano F, Petit C, Clavel F. Resistance-associated loss of viral
fitness in human immunodeficiency virus type 1: phenotypic anal-
ysis of protease and gag coevolution in protease inhibitor-treated
patients. J Virol. 1998;72:7632-7637.

Perrin L, Telenti A. HIV treatment failure: testing for HIV resistance
in clinical practice. Science. 1998;280:1871-1873.

Piketty C, Castiel P, Belec L, et al. Discrepant responses to triple
combination antiretroviral therapy in advanced HIV disease. AIDS.
1998;12:745-750.

Stoddart C, Mammano F, Moreno M, et al. Lack of fitness of pro-
tease inhibitor resistant HIV-T in vivo. In: Abstracts of the 6th
Conference on Retroviruses and Opportunistic Infections; January
31—February 4, 1999; Chicago, Ill. Abstract 4.

Telenti A, Mufioz M, Bleiber G, et al. Heterogeneity in response to
antiretroviral therapy, AIDS Rev. In press.

SECOND ANNUAL
THE SCIENCE AND
TREATMENT OF H1V.

AN ADVANCED CME COURSE
FOR CLINICIANS

March 25 - 29, 2000

Snowmass Village, Colorado

Course Chairs
Scott M. Hammer, MD
Michael S. Saag, MD

Course Section Leaders
Judith S. Currier, MD
Daniel R. Kuritzkes, MD
Bruce D. Walker, MD
Course Faculty
Again this year, 15-20 leading + Future directions in HIV/AIDS

scientists and physicians in
HIV/AIDS care will speak at this
5-day program.

THE SCIENCE AND
TREATMENT OF HIV

AN ADVANCED CME COURSE FOR CLINICIANS

March 25—March 29, 2000
Snowmass Village, Colorado

« Basic science issues in development
and utilization of antiretroviral
treatments

« Complications of HIV/AIDS and
antiretroviral therapy

« Treatment strategies and practical
problem-solving in patient care

management

Participants will hear important up-
to-date information from expert

To receive information on CME
credits, agenda, and registration
materials, please contact:

International AIDS Society—USA
Presidio of San Francisco
1001 B O’Reilly Ave., PO Box 22916
San Francisco, CA 94129-0916

faculty in a relaxed, informal setting.
Four days of lectures, workshops, and
small-group roundtables will allow
opportunities for in-depth discussions
on complicated issues in HIV man-
agement.

Symposium Voice Mail: (415) 561-6725
Phone: (415) 561-6720
Fax: (415) 561-6740
E-mail: cme®@iasusa.org
Web site: www.iasusa.org

Registration fees:

$425 (on or before February 17, 2000)
$525 (after February 17, 2000)

IMPROVING THE MANAGEMENT OF HIV DISEASE

12




