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VIROLOGIC AND IMMUNOLOGIC MARKERS AND DUTCOMES OF TREATMENT IN HIV-INFECTED ADULTS

THE RELATION OF VIROLOGIC AND IMMUNOLOGIC MARKERS TO CLINICAL
OUTCOMES AFTER NUCLEOSIDE THERAPY IN HIV-INFECTED ADULTS
WITH 200 TO 500 CD4 CEXLS PER CUBIC MILLIMETER

Davip A. KatzensTeIN, M.D., Scort M. Hammer, M.D., Micyagt. D. Huskes, PH.D., HoLLy GUNDACKER, M.S.,
J. Brooks Jackson, M.D., Susan Fiscus, Pu.D., SURAIYA RasHeeD, M.D., TArex ELBRIK, PH.D,,
RicrarD Reciiman, M.D., ANTHonY Jarour, M.D., THomas C. Merican, M.D., AND Masnin S. Hirsch, M.D.,
FOR THE AIDS Cunical TRiaLs GRouP STUuDY 175 ViRoLogy STuny TeEam™

ABSTRACT

#d  We studied measures of human im-
munodeficiency virus {HIV} replication, the viral phe-
notype, and immune functicn {CD4 cell counts} and
the relation of changes in these indicators to clinical
outcomes in a subgroup of patients in a controlled tri-
al of early antiretroviral treatment for HIV, the AIDS
Clinical Trials Group Study 175.

Methods The 391 subjects, each of whom entered
the study with a single scraening CD4 cell count of
200 to 500 per cubic millimeter, wers randemly as-
signed to receive zidovudine alone, didancsine alone,
zidovudine plus didanosine, or zidovudine plus zalcit-
abine. Plasma conecentrations of HIV RNA were as-
sessed in 366 subjects, and viral isolates from 332
subjects were assayed for the presence of the syncy-
tium-inducing phenotype.

Results  After eight weeks, the mean {+SE} de-
crease from base line in the concentration of HIV RNA,
expressed as the change in the base 10 log of the
number of copias per milliliter, was 8.262:0.06 for pa-
tients troated with zidovudine alone, 0.65+0.07 for
didanosine alone, 0.93x0,10 for zidovudine plus di-
danosine, and 0.89x0.06 for zidovudine plus zalcit-
abine {P<0.001 for each of the pairwise comparisons
with zidovudine alone). Multivariate proportional-
hazards models showed that higher base-line con-
centrations of plasma HIV RNA, less suppression of
plasma HIV RNA by treatment, and the presence of
the syncytium-inducing phenotype were significant-
ly associated with an increased risk of progression to
the acquired immunodeficiency syndrome and death.
Aftar adjustment for these measures of viral replica-
tion and for the viral phenotype, CD4 cell counts
were not significant predictors of clinical outcome.

Conclusions Both the risk of the progression of
HIV disease and the efficacy of antiretroviral therapy
are strongly associated with the plasma level of HIV
RNA and with the viral phenotype. The changes in
the plasma concentration of HIV RNA predict the
changes in CD4 cell counts and survival after treat-
ment with reverse-transcriptase inhibitors. (N Engl
J Med 1896;335:1091-8.}
©1996, Massachusetts Medical Society.

HE AIDS Clinical Trials Group Study 175
{ACTG 175) provides direct evidence, in
the clinical report elsewhere in this issue of
the Journal! of the clinical and immuno-
logic benefits (e.g., increased CD4 cell counts) of the
treatment of human immumodeficiency virus (HIV)
infection with didanosine, zidovudine phis didano-
sine, and zidovudine plos zaldtabine, as compared
with zidovudine monotherapy. Although changes in
CD4 cell counts have provided a basis for the initia-
tion of antiretroviral treatment and have been used
10 help define the acquired immnodeficiency syn-
drome (AIDS),2 che plasma HIV RNA concentration
is increasingly used as a measure of viral replication in
order to evaluate the activity of antiviral drugs.3i¢ In
mrials comparing zidovudine with placebo in sympto-
matic subjects with CD4 cell counts of 200 to 500
per cubic millimeter, increasing plasma HIV RNA
concentrations and decreasing CD4 cell counts have
been associated with the development of AIDSM In
addition, the presence of the syncytinm-inducing
phenotype of HIV, associated with advanced disease
and resistance to zidovadine, may contribute to the
rapid progression of disease 213
In order to determine the relation of virologic and
immunologic factors to clinical progression in a sub-
group of subjects enrolled in ACTG 175, we evalu-
ated plasma HIV RNA concentrations, CD4 ccll
counts, and viral phenotype both at entry to the
study and during treatment. The associations among
virologic and immunologic responses, viral pheno-
types, survival, and the progression of disease were
examined in HIV-infected patients being treated
with nucleoside reverse-transcriptase inhibitors at an
intermediate stage of HIV discase.
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University, Clovdand (J.B.].); the University of Norrs Carolina, Chapel
Hill (S.E); the University of Soother California, Los Angeles {SR.); the
University of California a1 San Francisco, S20 Francisco (TE); and the
Univensty of Rochester, Rochester, MY, (R.R.}. Address reprint reguests
o Dr, Karzenstein at the Division of Infectious Discascs, 5-156, Stanford
Univensity Modical Center, Stanford, CA 94305

*Qther members of the AIDS Clinical Trials Geoup Study 175 Viralogy
Study Tesm arc fisted in the Appendix.
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METHODS
Tiial Dasign

The entry ctiteria, treacment regimens, and clinical charactesis-
tics of subjects in ACTG 175 arc described in the smdy’s clinical
reportd The smdy’s virology subgroup comprised 391 subjects
enrolled at 11 of che study sites, Blood was collected in acid cit-
rats dextrose on Two occasions, at least 72 hours apart, during the
12 days preceding neament, w0 decermine plasma HIV RNA
concentrations; the geometric mean of these two measurements
was defined as the base-line vahe. Plasma HIV RNA concentra-
tions were measured at woeks 8, 20, and 56, provided that the
subjects continued to receive the assigned meamment,

Virologic Studies

Syncyrinm-inducing viruses were detected by the cocultivation
of supernatant fluid fram cell-cultore izolates in MT-2 cells. These
were obscrved for 14 days, when the presence or absence of signs
of gytopathology led us w identify the solates as syncyrium-
inducing or non-syncytinm-inducing isolates, respectivelydd?
Plasma samples frozen at —7¢°C were assayed for their plasma
HIV RNA concenirations with the Amplicor polymerasc-chain-
reaction test {Roche Molecular Systems, Branchburg, N.J.)# All
samples from individual subjects were tested in the same assay with
control samples containing 15,008 and 150,000 copies of HIV
RNA. The laboratories were certified in the pesformance of the
assay by the Virology Quality Assurance Program of the ACTGY
Statistical Analysis

Analyses of plasma HIV RNA concentrations were undertaken
after log (base 10) wansformation of the values, Thronghout this
article, HTV RNA concentrations are expressed as the log of the
pamber of copies per milfifirer. Analysis of variance and two-sample
t-tests weee used to test associations among, base-line characteristics,
including CD4 cell comnts and plasma HIV KNA concenirations,
and the mean changes in CD4 cell counts and plasma HIV RNA
concentrations assocated with the different treatments, The associ-
arions between the base-line characteristics and the presence of the
syncytium-inducing phenotype werc evaluated with the chi-square
test and logistic regression¢ The diswribution of fimes to cvents
was compared with use of the Jog-rank st and Cox proportional-
hazards moodels, with stratification according to history of antiret-
roviral treatment and the assigned weatment regiment? Base-line
levels and chanpes from base line to week 8 and week 56 in plasma
HIV RNA concenrations and CD4 ¢ell counts wers included in
the proportional-hazards models as contimtons variables, but the
hazard ratios are presened as those associawed with a dearease of
1.00 log in the HIV RNA concentration and with an increase of
100 CD4 cells per cubic millimeter, Tests of interaction wers used
to assess whether the stenpsth of the assodiations vatied according
to treatment and history of antirerroviral therapy® All P values axe
two-sided and have not been adjusted for mulriple comparisons.

RESULTS
Study Subjects

This study included 391 of the subjects enrolled in
ACTG 173; of these, 216 reported having had one
week of previous antiretroviral therapy or less, and
175 had received more than one week of antiretro-
viral therapy, usually with zidovudine. Of the group,
89 subjects were randomly assigned to receive zido-
yudine alone; 107, didanosine alone; 102, zidovudine
plus didanosine; and 93, zidovudine plus zalcitabine.
Selected characteristics of the 391 subjects are shown
in Table 1. As compared with all 2467 subjects in
ACTG 175, this subgroup had some differences in

1092 - October 10, 1996

characteristics attributable to its slower rate of acam-
al and site selection. Although a larger percentage of
subjects in the virology subgroup had litde or no
previous antiretroviral therapy, as compared with the
overall sady group, the subjects in the two groups
who had bad such therapy received treatment of
similar duration. The median duration of treatment
during the study was 122 wecks; 17 percent of the
virology subgroup was lost to follow-up, and 51 per-
cent discontinged the study weatment. There was a
significantly greacer rate of discontinuation of trear-
ment among subjects assigned to receive zidovudine
alone (71 percent) than among those assigned to re-
ceive didanosine alone (41 percent, P<0.001), zido-
vudine plus didanosine {45 percent, P=0.002), or
zidovadine plus zalcitabine (48 percent, P<<0.001).
Analyses of changes in plasma HIV RNA concentra-
tions were restricted to the first 56 weeks of follow-
up, during which 68 percent of the subjects were still
taking their assigned medications.

Virologic and Immunologic Markers at Base Line

Plasma HIV RNA concentrarions were assessed at
basc line, in two separate measurements, for 366 of
the subjects. Four subjects had values (at both the
measurements) below the limit of detecdon (2.30
log copies per miltiliter). The mean plasma HIV RNA
concentration was 4.20 log (15,971 copies per mil-
liliter), and the values ranged 2s high as 6.16 log. For
80 percent of the subjects, the difference in the log
concentration between the two base-line measure-
ments was less than 0.26, and for 90 percent it was
Iess than 0.41. For each additional 100 cells per cubic
millimeter in a patient’s CD4 count, the mean plas-
ma HIV RNA concentration at entry was 0.14 log
lower (P<0.001), but subjects with similar CD4
counts had IV RNA concentrations that varied by
about =1 log from the average.

Syncytium-inducing virus was detecred in 59 (18
percent) of the 332 viral isolates from samples tak-
en at entry to the study. The subjects with syncyti-
um-inducing virus in isolates had significantly low-
er mean CD4 cell counts than those without snch
virus {29612 vs. 3526 cells per cubic millime-
ter, P<<0.001) and significantly higher plasma HIV
RNA concentrations {4.5320.10 vs. £.1820.04 log,
P<0.001).

The association between base-line characteristics
and plasma HIV RNA concentrations, CD4 cell
counts, and the presence or absence of syncytium-
inducing virus is shown in Table 1. The presence of
signs and symptoms related to HIV infection (oral
hairy leukoplakia, candidiasis, or herpes zoster) was
significantly associared with increased HIV RNA
concentrations {P<<0.001} and decreased CD4 cell
counts {P=0.006}. Homosexuality was associated
with a significantly higher plasma concentration of
HIV RNA (P=0.002), and intravenous drug use

Downloaded from www.nejm.org bg MS ROBYN GOLDSTEIN on November 13, 2006 .

Copyright © 1996 M

selts Medical Society. All rights reserved.

Page 3 of 10




Case 3:05-cv-04158-MHP  Document 110-8  Filed 11/15/2006 Page 4 of 10

VIROLOGIC AND IMMUNOLOGIC MARKERS AND OUTCOMES OF TREATMENT IN HIV-INFECTED ADULTS

TasLe 1. Prasma HIV RNA CONCENTRATION, CD4 CEIL COUNT, AND VIRAL
PHENOTYPE ACCORDING TG THE CHARACTERISTICS OF THE SUBJECTS AT Rase Live.*

SUBIECTS WITH
Srncynum-
No, (%] €02 Ceusf Inovcies

CHARACTERISTIC OF SUBSECTS HIV RNAT o Virus (%}
No, with data 391 366 391 332
Agc

20-29 yr 88 {23) 413+0.08 36012 12

30-3% yr 190 {49} 42120.06 3397 18

4049 yr 83 {21} 4273008 334+12 22

>50 vr 30 (8) 4.18+0.15 31416 24

P vilue 0.90 0.11 0.10
Sex

Male 320 (82) 4272004 343*6 18

Female 71(18) 3.92:x0,09 34614 18

P wvaluc <0.001 0.33 093
Race or cthnic group

Non-Efispanic white 282 (72} 427+0.04 3436 18

Non-Hispasic black §7 (15) 3.99+0.10 347114 2

Hispanic 45 (22} 4.17+0.11 342x16 8

Other 7(2) 3612030 347440 20

P value 0013 099 217
Homoscxmality '

Yes 283 (72} 4.28+0.04 3456 16

No 108 (28} 4012007 33810 23

P value 0.002 052 0.16
Inmavenons drug vse

Yes 56 (14) 394010 34Bx12 19

No 335 (36) 4.25%0.04 343x6 18

P value 0.003 0.72 0.86
Eardy symproms of HIV]

Yes 60 (15} £.500.09 309213 2

No 331 {85) £.1540,04 34926 17

P value <0.001 0.006 0.35
Previous antiretroviral

therapy

Nonc or =1 wk 216 {85) 4,240.05 36327 13

>1 wk-12 mo 53 {14) 4,12x0.10 316x14 24

13-24 mo . 51 {13} £.13=0.11 312*14 20

25-36 mo 46{12) 4.13+0.11 320x15 24

>36 mo 25 {6} 5372016 341222 40

P valac 0.50 0.001 0.023

*Pins—minus values are means £5E. In caloulating the P values, age was weaied a3 a continnous
variablc; 2l othcr P valucs are for comparisons of the sut shown.

$Plasma HIV BNA concentrations ar¢ expressed 25 the log of the number of copics per milliliter.

$The symptoms of carly-stage infecti didiasis, hairy leukoplakia, or herpes zster
within 30 days before randomization.

% ' o

were oral

with a significantly lower concentration (P=10.003).
Women had significantly lower plasma HIV RNA
concentrations (P<0.001), as did black subjects
{P=0.013). However, there were no significant as-
sociations of these risk factors, sex, or race with the
CD4 cell count. Antiretroviral treatment before en-
try into the study was associated with lower CD4
ecll counts and a higher rate of the presence of syn-
cytium-inducing phenotype, but not with differenc-
es in plasma HIV RNA concentrations.

Multivariate Model of the Variation in Base-Line Plasma
HIV RNA Concentrations

A stepwise selection procedure for variables was
uscd to develop a multivariate model for assessing
factors associated with different base-line plasma HIV

Downloaded from www.nejm.org
Copyright © 1996 M

RNA conceatrations. In this model, the presence of
caly symptoms related to FIIV was independently as-
sociated with an HIV RNA conceatration, in copics
per milliliter, that was 0.28 log higher (P=0.006); a
dccreaseoflOO cells per cubie millimeter in the CD4
count was associated with an FIIV RNA concentra-
tion that was 0.17 fog higher {P<<0.001}; female sex
was associated with an. HIV RNA concentration that
was 0.28 log lower {P=0.003}; and intravenous drug
use was associated with an HIV RNA concentration
that was 0.26 log lower (P=0.013). Race and ethmic
group werc not significantly associated with a differ-
ence in HIV RNA concentrations. The presence of
the syncytium-inducing phenotype, however, was as-
sociated with an HIV RNA concentration that was
0.28 log higher (P=0.004).
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Changes in Plasima HIV RNA Concentrations
during Treatment

Study treatment was associated with a decrease
in plasma HIV RNA concentrations and an increase
in CD4 cell counts. Measurements made eight
weeks after the start of treatment revealed significant
differences in the response of plasma HIV RNA
concentrations to antiretroviral therapy among the
treatment ps. There was a mean decrease of
0.26=+0.06 log (45 percent) in the HIV RNA con-
centration in 65 subjects who received zidovudine
alone, a decrease of 0.65+0.07 (78 percent) in 87
subjects who received didanosine alone, a decrease
of 0.93+0.10 {88 percent) in 81 subjects who re-
ceived zidovadine plus didanosine, and a decrease of
0.89:+0.06 (87 percent) in 76 subjects who reccived
zidovudine plus zalcitabine (P<<0.001 for each of
the pairwise comparisons with zidovudine alone).

The changes from base line in HIV RNA concen-
trations during the first 56 weeks of treatment are
shown in Figure 1. Subjects without a history of an-
tiretroviral treatment who took zidovudine alone

Jhad a mean reduction at week 8 of 0.47 log; subjects

with that history had a mean reduction of 0.02.
Pairwise comparisons of the changes in plasma HIV
RNA concentrations between the other three treat-
ments and zidovudine alone showed no significant
differences between subjects with and without 2 his-
tory of antiretroviral treatment. At week 8 and week
56, as compared with subjects taking zidovudine
alone, subjects who were taking didanosine alone,
zidovudine plos didanosine, and zidovudine plus
zalcitabine all had significantly greater reductions in
plasma HIV RNA concentrations. The two combi-
narion therapies were associated with significandy
greater mean reductions than was didanosinc alone
at week 8, but these differences were not significant
at week 56.

Virologis Predictors of the Progression of Disease

During follow-up, 78 of the 391 subjects (20 per-
cent) had a 50 percent decrease in the CD4 cell
count, were given 2 diagnosis of ATDS, or died; 48
(12 percent) were given a diagnosis of AIDS or died;
and 28 (7 percent) died. The pattern of end points
found among the four treatment groups in our
study of the virology subgroup was not significant-
ly different from that in the overall study of 2467
subjects. The associations between the basc-line char-
acteristics of the virology subgroup and the progres-

Figure 1. Changes in Plasma HIV RNA Concentrations in the
Four Treatment Groups over 56 Weeks,

Values are shown for all subjects, subjects without previous
antiratroviral therapy, and subjects with previous antiretroviral
thsrapy. Concentrations are sxpressed as the log of the num-
ber of HIV RNA copies per milfiliter.
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Tame 2. QurcoMes ACCORDING TO Base-LiNg VIROLOGIC AND
IMMUNOLOGIC MARKERS IN A UNIVARIATE ANALYSIS, *

50% DECREASE
N £D4 Crus,
No. oF AIDS, or AIDS on
N Sursects DEATH DexTH Dexrs
numbar {percent)
Plasma HIV RNA (fog copics/ml)
474 1o 616 91 39 (43) 30 (33) 20 {22)
42810474 92 16 (17) 7{8) 3{3)
3.7% to 428 92 10 (11) 4(4) 1
<371 91 6(7)
‘Hazard ratio} 0.25 (P<0.001) 0.17 (P<0.001) 0.15 (P<0.001)
CD4 ool coumt (cclls /man®}}
131 w0 253 93 32(33) 19 {19) 10 (10)
256 1o 335 03 15 (15) 12 {12} & (6)
336w 412 98 16 (16) 8{8) 7
413 to 566 97 15 (15) 9 {9} S (5)
Hazard ratio§ 0.68 (P=0.002) 0.61 (P=0.003) 0.70 (P=0.081)
Syncytinm-inducing phenotype
Prescut 59 27 (46) 13 (31} 11 (i)
Abscnt 273 45 (16} 27 (10) 15 (5}
Hazard ratio} 0.28 (P<0.001) ©.25 (P<0.001) 0.24 (P<0.00I)
*P values are for the hazard ratios.

4The hazard arios are rthose sssociared with a 1.0 lower buse-kuc conceontration, in Jog copics per
millitirer,

$These base-linc valics are the means of twa masurements of the CD4 ocll connt, excluding the
scarocniug value of 200 m 500 colls per cubic millimeter required for entry into the stady.

$§The hazard ratios are those associated with a base-line CD4 cell count that is 100 cells per cobic

miltimeter higher.

IThs hazard ratios arc those assogiated with the absence of syneytium-inducing virus.

sion of disease are shown in Table 2. The risk of dis-
ease progression was grearest among subjects in the
lowest guartile of CD4 counts (<255 CD4 cells per
cubic millimeter), with little change in the risk of
progression found over the remainder of the range
of CD4 counts. An increased risk of disease progres-
sion was associated with each successively higher
quartile of base-line plasma HIV RNA concentra-
tions and with the presence of syncytium-inducing
vims. The risk of progression ‘was examined with
multivariatc proportional-hazards models that con-
sidered the base-line plasma HIV RNA concentra-
tion, the base-line CD4 cell count, and the presence
or absence of the syncytinm-inducing phenotype at
base linc as variables.

Model 1 in Table 3 shows the hazard ratios
for adverse clinical cutcome associated wirh these
variables. Lower base-line plasma HIV RNA concen-
trations and the presence of the non—syncytum-
inducing phenotype at base line were significant pre-
dictors of a decreased bazard of disease progression,
After adjustment for base-line plasma HIV RNA con-
centrations and viral phenotype, CD4 ccll connts
were not significantly associated with the risk of pro-
gression. Furcher analyses {(data not shown) indicate
that the associations of disease progression with
base-line plasma HIV RNA concemtrations, CD4

cell counts, and the viral phenotype were not signif-
icantly different between subjeces who did and sub-
jects who did nor have a history of antiretroviral
treatment, nor did they differ among the four weat-
ment groups. :

Responses to Treatment and the Progression of Disease

Responses to treatment, measured as the suppres-
sion of plasma HIV RNA or increases in CD4 cell
counss, were included in proportional-hazards mod-
els (model 2 in Table 3). A decrease of 1.0 log in the
concentration of YIIV RNA from basc line to week
8 was associated with a significant lowering to 0.35
in the bazard ratio for AIDS or death (i.c., a 65 per-
cent reduction in the risk of AIDS or death). In
mode! 2, the reduction in the risk of the specified
clinical outcomes associated with changes in CD4
cell counts was nmot significant. The hazard ratios
associated with base-line plasma HIV RNA concen-
trations and base-line viral phenotype were similar
in models 1 and 2; both lower base-line plasma
HIV RNA concentrations and a decrease in the con-
centration between base line and week 8 were asso-
ciated with a significant reduction in the risk of dis-
ease progression (Table 4).

A praportional-hazards model similar to model 2
was fizted to the data, which indluded changes in plas-
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Taste 3. Two MOLTIVARIATE PROPORTIONAL-HAZARDS MODELS POR PREDICTING

OuTcoMes.*
60% DECREASE IR
4 Ceurs, AIDS, AlDS on
Manen on DeaTH Dexrat DearH

Model 13 base-line variables only

hazard ratic [95% confidence Interval)

Lower plasma HIV BNAT 0.23 (0.14-0.38)  0.17 (0.08-832) 0.17 (0.07-0.20)
P<0.001 P<0.001 F<0.001
Higher CD4 ccll countt 0.30 {0.59-1.09) 0.80 {0.54-1.19} 0.89(0.53-1.49)
P=0.15 P=0.27 P=0.66
Absence of syncytimmvinducing pbe- 031 {0.18-0.56)  0.34 {8.17-0.69} 0.38 (0.15-0.96)
notype P<0.001 P=0.003 P=0.041
Muodel 2: bare-line varfables
and changes at week 8
Plasma HIV KNA
Lowcr base-line concentration} 022 {0.33-0.37})  0.12 (0.-05-028) 0.13 {0.05-0.38}
P<0.0M P<0.001 <0001
Decresse from basc hus to week 8§ 0.22 (0.12-041)  0.35 (0.17-0.72) 0.2% {0.11-0.79)
P<0.001 P=0.005 »=0.015
CD4 ol count
Hipher base-line count 0.89 (0.63-1.25)  1.14 {0.74-175) 145 (0.78-2.69)
P=0.50 P=0.57 P=0.24
Increase from bass line to week 8] 0,68 (0.43-0.97)  0.68 {0.43-1.08) 0.70 (0.39-1.26)
=0.031 P=0,10 P=0.4
Absence of gmcytinm-indncing phe-  9.38 (0.20-0.71) 040 {0.13-091} 055 {0.17-1.79)
Rotype at base line P=0.003 P=0.028 r=0.32
*P valucs are for the hazard ratios.

The hazand ratios are those associated with 2 1.6 lower basc-line concentration, in Jog copies per

willitiver,

+The hazard ratios are those assodiated with a baseline €D cell count that is 100 cxlls per cubic

millimctor higher,

$The hazard ratics arc those associated with 2 dearease of 1.9, in log copies per illiliter.
The hazard ratios are thosc associated with an inceease of 10 cells per cubic milfimeter.

ma HIV RNA concentrations and CD4 ccll counts
from base line to week 56. There was a 90 percent
reduction in the risk of progression of disease associ-
ated with 2 reduction of 1.0 log in the plasma HIV
RNA concentration between base line and week 56
(P=0.007). In this model the change in the CD4
count was not an independent predictor of the risk of
progression to AIDS or death (P=0.52).

DISCUSSION

The measurement of plasma HIV RNA concen-
trarions provides a sensitive indicator of the risk of
disease progression and death in subjects with asymp-
tomatic HIV infection, both before and after treat-
ment with reverse-transcriptase inhibitors. Although
zidovudine monotherapy in subjects with 200 to
500 CD4 cells per cubic millimeter has relatively
[imited immnnologic and clinical benefits*2 treat-
ment with zidovudine plus didanosine, zidovudine
plus zalcitabine, or didanosine alone results in a
more sustained virologic and immunologic response.
Our virologic findings support the hypothesis that
treacment of the early stages of HIV infection with
antiretroviral drugs, as assessed by the measurement

1086 - October 10, 1996

of plasma HIV RNA concentrations, is associated
with protection against immunologic detcrioration,
AIDS, and death.

The ability to measure plasma HIV RNA concen-
trations may permit z more targeted, rational use of
antiretroviral drugs before the onset of severe immu-
nodeficiency. The risk of disease progression among
the mostly asymptomatic subjects enrolled in this
study was better indicated by the plasma HIV RNA
concentration than by the CD4 cell count, which
was not as strong a predicror of clinical events. The
gradient of risk for diseasc progression in the carly
stages of HIV infection as indicated by plasma HIV
RNA concentrations (Table 2) provides a rationale
for the use of antirctroviral therapy in patients with
higher plasma concentrations of FIIV RNA, regard-
less of the CD4 cell count, although farther studies
are needed to determine whether it is wise to defer
antiretroviral treatment when there arc lower con-
centrations of plasma HIV RNA.

These results regarding the predictive value of
plasma HIV RNA concentrations suppert the find-
ings of other recent smdies. In the analysis of a pla-
cebo-controlled study of therapy with zidovudine in

Downloaded from www.nejm.org by MS ROBYN GOLDSTEIN on November 13, 20086 .
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Tasie 4. ProcresstoN TG ATDS OR DEATE ACCORDING TO
Base-LINE PLasMa HTV RINA CONCENTRATION AND DECREASE

™ CONCENTRATION AT WEEK 8.
Base-Line HIV RNA
Concenmraron Prcrease N HIV RNA CONCENTRATION AT Weex B
flog copies/mi) {log coples/mi}
>0.43 «0.63 AL
% with progresslon [ne. with prog;
total in categoryl
=428 1(2/8Y) 5 (4/76) 3 (5/157}
>4.28 13(00/76) 28 (23/8)) 21 (33/157}
Al 7 (11/157) 17 (27/157) 24 (38/157)

270 symptomatic subjects with 200 to 500 CD4
cells per enbic millimerer, O°Brien ct al. concluded
that both the base-line levels of CD4 cells and plas-
ma HIV RNA and the changes in these levels over
six months were predictors of the development of
AIDSM Over a longer observation period, Mellors
et al. observed in the Mnulticenter AIDS Cohort
Study that the risk of AIDS and death was strongly
assoctated with increased plasma HIV BINA concen-
trations.? Our study found 2 significant association
between a reduction in the plasma HIV RNA con-
centration after the initiation of therapy with anti-
retroviral drugs and a reduction in the risk of AIDS
and death, but there was less evidence that changes
in the CD4 cell count in response to drug therapy
provided a nseful indication of the risk of clinical
progression.

The presence of lower base-line plasma HIV RNA
concentrations among women and among intrave-
nous drug users is an inreresting but unexplained
observation. However, risk factors for HIV infec-
tion, sex, ethnic group, and a history of previons an-
tiretroviral reamment were not independently associ-
ated with differences in clinical outcome. Neither
are the clinical resules of ACTG 175 fully explaned
by the overall comparison of the changes in HIV
RNA concentrations in the different treatment reg-
imens. Therapy with didanosine alone led to clinical
results comparable o those with the combination of
zidovudine and didanosine, although patients treat-
ed with the latter regimen had a cleardy larger mean
decrease in plasma HIV RNA concentrations (Fig.
1}. The reduction in plasma HIV RNA concentra-
tions after treatment with zidovudine plus zalcita-
bine was similar to thar after zidovedine plus didan-
osine, yet the latter regimen was more effective in
the subjects with 2 history of antiretroviral therapy,!
and similar results have been observed in a recently
reported study of combination therapies in subjects
with more advanced disease, but without a history
of anciretroviral therapy.2!

These differences point to the importance of other

factors in the treatment of HIV infaction, including
the development of drug resistance, adherence to as-
signed treatment, and the durability of antiretroviral
actvity. Owerall, the specific treatment assignment
was of less importance as a predictor of clinical pro-
gression than was the reducrion in the plasma HIV
RNA concentration after antirctroviral therapy.

Besides HIV RNA, other virclogic factors also
have a role i the pathogenesis and treatment of
HIV. Syncytinm-inducing viras has been associated
with an accelerated rate of CD4 cell depletion, re-
duced CD4 cell responses, and resistance to zidovu-
dine 1213222 In our study, the presence of syncy-
oum-inducing virus was a risk factor for diseasc
progression independent of the CD4 cell count and
the plasma HIV RNA concentration. Whether more
aggressive antiretroviral intervention can prevent or
suppress the development of the syncytium-induwe-
ing phenotype requires additional study.

The observations in ACTG 175 are Emited to pa-
tients treated with zidovudine, didanosine, and zal-
citabine. Studies of therapy with other nucleoside
reverse-transcriptase inhibitors, stavedine and lami-
vudine, used in combination with protease inhibi-
tors, have found large decreases in plasma HIV RNA
and proportional increases in CD4 cells 113637 As ad-
ditional drugs and combinations of dngs are tested,
sradies are needed to confirm that decreases in the
rate of disease progression are proportional to the
suppression of plasma HIV RNA. However, our re-
sults provide evidence that in the treatment of HIV
infection with reverse-transcriptase inhibitors, clini-
cal benefits come about through the suppression of
viral replication and the reducdon of plasma HIV
RNA concentrations.

Supported by the AIDS Clinical Trials Group of the National Enstitaee
of Allerpy and Infectious Discases,

Drs, Katrematein, Hammer, Merigan, Hirsch, Jackson, Reichman, and
Jepour have served a8 ad hoc consultancs or as speakers in programs spoa-
sored by Bristal-Mycrs Squibb, Glaxo-Welliome, or Hotfmann—LaRache,
the pharmacentical firms whose products were stdied.

APPENDIX

Other members of the ACTG 175 Virology Study Team were:
Janet Lathey, Ph.D., Univessity of California, San Dicgo; Waler
Scow, Ph.D., University of Miami; Brigitte Griffichs, M.D., Yale
University; Mark Winsers, M.S., Stanford University; Tim Spahl-
inger, Case Western Reserve University; Jacqueline Gillis, New
England Deaconcss Hospital; and Richard D°Aquila, Harvard
Medical School.
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CORRECTION

The Relation of Virclogic and Immunologic Markers
to Clinical Outcomes after Nucleoside Therapy In
HIV-infected Adults with 200 to 500 CD4 Cells per
Cubic Millimeter

‘The Relation of Virglogic and Immunologic Markers to Clinical Out-
comes after Nucleoside Therapy in HV-infected Adults with 200 to
500 CD4 Cells per Cublc Milimeter . On page 1094, Figure 1 Is incor-
rect. Tha revised figure appears below.

Figure 1.
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