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Context.— Time to development of acquired immunodeficiency syndrome
(AIDS)and time todeathhavebeenextendedwith the increaseduseofcombination
therapy and protease inhibitors. Cohort studies following up persons with human
immunodeficiency virus (HIV) infection in periods characterized by different thera-
pies offer the opportunity to estimate therapy effectiveness at the population level.

Objective.— To assess the effectiveness of self-reported, long-term potent an-
tiretroviral therapy in a cohort of 536 men whose duration of HIV infection was
known (seroconverters).

Design.— Cohort study. The cohort was compared for time to development of
AIDS and time to death in 1984 to 1990, 1990 to 1993, 1993 to July 1995, and July
1995 to July 1997 when the major treatments were no therapy, monotherapy,
combined therapy, and potent antiretroviral therapy, respectively. Survival analysis
methods with time zero set as the date of seroconversion and incorporating stag-
gered entries into each period were used. Mean CD4 cell change, stratified by in-
fection duration, was determined for each period using a random effects model.

Setting.— The Multicenter AIDS Cohort Study (MACS) in 4 urban areas (Balti-
more, Md; Chicago, Ill; Los Angeles, Calif; and Pittsburgh, Pa).

Participants.— A total of 5622 men who were 18 years or older were enrolled
into MACS. Of the 5622, there were 2191 HIV-positive individuals at enrollment. Of
the 3431 men who were HIV-negative, 536 were observed to seroconvert and were
followed up for up to 13 years. The group of 536 who seroconverted constituted the
study population.

Main Outcome Measures.— Time from seroconversion to development of AIDS
and to death and change in CD4 cell count.

Results.— A total of 231 seroconverters developed AIDS, and 200 men died. Us-
ing 1990 to 1993 as the reference period, the relative hazard of AIDS was 1.04 (95%
confidence interval [CI], 0.73-1.48)during1993 toJuly1995and0.35 (95%CI,0.20-
0.61) during July 1995 to July 1997. Relative hazards of death were 0.87 (95% CI,
0.58-1.31) and 0.62 (95% CI, 0.38-1.01) for the same periods. The relative time (the
factor by which times are contracted or expanded) to development of AIDS was 0.97
(95% CI, 0.86-1.09) for 1993 to July 1995 and 1.63 (95% CI, 1.40-1.89) for July 1995
to July 1997. Relative survival time for 1993 to July 1995 was 1.01 (95% CI, 0.91-
1.12) and for July 1995 to July 1997 was 1.21 (95% CI, 1.07-1.36) relative to 1990
to1993.The rateofCD4cell countdecline inJuly1995 toJuly1997wassignificantly
lower (P,.05) compared with the previous 2 periods.

Conclusions.— In the calendar period when potent antiretroviral therapy was
introduced, the time to development of AIDS and time to death were extended, and
rate of CD4 cell count decline was arrested.
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INCREASING USE of combination
therapy in the treatment of human im-
munodeficiencyvirus(HIV)infectionand
acquired immunodeficiency syndrome
(AIDS) began in the mid-1990s. In 1995,
protease inhibitors were approved for
treatment of HIV and AIDS, resulting in
an increase in their use alone and in com-
binationwithotherdrugs.Clinicaltrials1-8

havedemonstratedthedramaticeffectof
combined therapies on levels of circulat-
ing HIV when treatment was initiated
early in the course of HIV infection. It is
likely, however, that the impact of potent
antiretroviral therapy in the community
setting may not be as successful as ob-
served in clinical trials. Clinical trials se-
lect for compliant individuals and moni-
tor the participants for compliance to the
particular treatment regimen.

Recently, there have been reports of a
decline in death due to AIDS in several
major metropolitan areas of North
America, including Vancouver, British
Columbia, Los Angeles, Calif, and New
York, NY.9-12 Trends in AIDS incidence
are more difficult to determine, espe-
cially in the absence of data on the num-
ber of infected persons in the population.

The actual effect of potent antiretro-
viral therapy on survival to AIDS and to
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death expected to occur outside the rig-
orous clinical trial setting may be ap-
proximated by studying uninfected per-
sons enrolled in observational cohort
studies who become infected with HIV
and undergo treatment while under ob-
servation. Community experience with
treatment includes such variables as
compliance,accesstocareanddrugs,use
of other drugs, and physicians’ decisions
on treatment. The Multicenter AIDS
Cohort Study (MACS) is a study of the
natural history of HIV infection in men
who have sex with men. The study be-
gan in 1984 with men who volunteered to
participate13 who are thus not represen-
tative of all men who have sex with men.
The 5622 men in MACS have now been
followed up for 12 to 13 years, represent-
ing an opportunity to observe changes in
time to development of AIDS and time
to death associated with increased use of
combination therapy and protease in-
hibitors. Previous studies have com-
pared incidence of AIDS and death in
different calendar periods without ad-
justing for long-term survivors in later
calendar periods who are not compa-
rable with those experiencing a more
rapid progression.14,15 We restrict our
analyses here to those in whom infection
duration is known (ie, seroconverters).
We compared changes in CD4 cell levels
and incidence of AIDS and death in dif-
ferent time periods corresponding to
different reported uses of therapy in
persons with similar infection duration
and age.

METHODS
Study Design and Follow-up

A cohort of 4954 men who were 18
yearsorolderwererecruited intoMACS
in 4 metropolitan areas of the United
States from April 1984 through March
1985. To increase minority enrollment,
an additional 625 men were recruited
from 1987 to 1991. An additional 43 se-
roconverters from Pittsburgh, Pa, who
were recruited at the same time, were
followed up in a parallel study with the
MACS protocol and added to these
analyses.

The men were followed up at least ev-
ery 6 months with repeat interviews,
physicalexaminations,andbloodsample
collection.Theinterviewincludedexten-
sive questions about HIV or AIDS
symptoms and use of specific antiretro-
viral drugs and prophylactic treatments
for opportunistic infections in the 6
months preceding the semiannual visits.
The men were given the opportunity to
report use of other drugs. Serologic HIV
antibody tests were routinely done on
previously seronegative men at each
visit. Confirmation of reported AIDS di-

agnosis was made via physician and/or
hospital summaries. Deaths were moni-
tored by follow-up of the men for vital
status and by ongoing search of death
records. Details of study design and
method of follow-up have been pub-
lished.16,17

Study Population
The study population consisted of

MACS participants who were seronega-
tive at enrollment (n = 3431) and serocon-
verted during follow-up (n = 536)
before June 30, 1997. It has been docu-
mented that the seroconverters engaged
in receptive intercourse more often and
were younger than those remaining un-
infected.18 At time of recruitment nei-
ther participants nor investigators were
aware of their HIV status.

Seroconversion date is defined by the
last date an individual was known to be
HIV seronegative and the first date
known to be HIV positive. By study de-
sign, time lag between last negative and
first HIV-positive visits should be 6
months, but some men missed visits
whileundergoingseroconversion.Ofthe
536 men with known dates of last nega-
tive and first positive visits, 50%, 75%,
and 90% had a lag less than 6.2, 7.7, and
23.0 months, respectively. We have re-
ported a significant downward trend of
seroconversionovercalendartime inthe
full cohort19; thus, we defined serocon-
version as occurring at one third of the
time interval between last negative and
first positive visits, reflecting the true
situation of declining incidence more ac-
curately than using the midpoint be-
tween last negative and first positive
visits (which assumes incidence is un-
changing).

Outcome Variables
For each of the 536 seroconverters,

we determined AIDS-free and survival
times through June 30, 1997. Those
AIDS-free or alive at the end of follow-
up contributed with censored observa-
tions to the survival analysis of time to
development of AIDS and time to death,
respectively. Those seen from July 1,
1996, to June 30, 1997, with no report on
outcomes of interest (ie, AIDS, death)
were considered censored at date of
analysis (ie, June 30, 1997).20 For analy-
sis of survival times we considered all
deaths as events. Rate of CD4 cell count
change was calculated from longitudinal
counts concurrently measured at semi-
annual visits throughout the study.

Exposure Variables
The primary purpose of the analysis

was to compare hazards of AIDS and
death and rates of CD4 cell count change
in those reaching the same duration of

infection at different calendar periods
corresponding to different types of
therapy being used by the seroconver-
ter cohort. Thus, this is an analysis of
AIDStherapyeffectivenessat thepopu-
lation level rather than efficacy at the
individual level (ie, as prescribed by cli-
nicians and used by patients) as in a clini-
cal trial.21,22

Therapy regimens were classified as
monotherapy, combination therapy, and
potent antiretroviral therapy groups.
Monotherapy was defined as a single
nucleoside reverse transcriptase inhibi-
tor and included zidovudine, stavudine,
zalcitabine, didanosine, and lamivudine.
Combination therapy was defined as 2 or
more nucleoside reverse transcriptase
inhibitors.Potentantiretroviral therapy
was defined according to 1997 US Na-
tional Institutes of Health guidelines23

as 2 or more nucleoside reverse tran-
scriptase inhibitors with either a pro-
tease inhibitor, such as indinavir, sa-
quinavir, ritonavir, or nelfinavir, or a
nonnucleoside reverse transcriptase
inhibitor, such as nevirapine or delavir-
dine. Men taking a protease inhibitor
plus zidovudine and stavudine were not
considered to be receiving potent anti-
retroviral therapy because that combi-
nation is antagonistic and should not be
used (according to the National Insti-
tutes of Health guidelines) and, thus,
were classified as receiving combination
therapy. Conversely, those receiving 2
or more protease inhibitors were classi-
fied as receiving potent antiretroviral
therapy. Those receiving only 1 prote-
ase inhibitor or 1 nucleoside reverse
transcriptase inhibitorwereclassifiedas
receiving monotherapy.

Prevalence of antiretroviral use by
the seroconverters while free of AIDS is
shown in Figure 1. On the basis of this
analysis, follow-up has been divided into
4 periods corresponding to different
therapy regimens: before 1990 (mostly
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Figure 1.—Use of antiretroviral therapy by Multi-
center AIDS Cohort Study seroconverters while free
of AIDS (acquired immunodeficiency syndrome).
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notherapy),1990to1993(monotherapy),
1993 to July 1995 (combined therapy),
and July 1995 to July 1997 (potent anti-
retroviral therapy). These periods are
used in subsequent analyses as proxies
for the different regimens.

Data Analysis
Since it is crucial to compare hazards of

AIDS and death in those with the same
HIVinfectionduration,andsincesomeof
those contributing to later calendar peri-
odsenterwith longer infectiondurations,
we used survival analysis methods that
incorporatestaggeringentries.Calendar
period was treated as an external time-
dependent covariate.24 Individuals con-
tributed as many records for data analy-
sisascalendarperiodsinwhichtheywere
observed at risk for events of interest.
Each contribution was characterized by
(1) infection duration the individual had
when entering a given period, (2) infec-
tion duration when exiting a given pe-
riod, and (3) the status with respect to
events of interest at exit from the period
(ie, if exit was due to event occurrence or
ifeventfreeatexit).Inthesurvivalanaly-
sis, the individualonlycontributedtorisk
sets between entering and exiting and
thus we compared hazards of events of
interest in different calendar periods in
men with the same infection duration.22

Thus,themenseroconvertingearlyinthe
study and contributing to the last calen-
dar period have infection durations
longer than other men in previous calen-
dar periods. In the analysis, these men
make no contributions to inferential
statements about relative hazards (RHs)
and relative times to event.

Estimation of survival curves was ob-
tained using an extended (incorporating
staggered entries) Kaplan-Meier method.
Since in a given calendar period men en-
tered with different infection durations,
the method reconstructs survival func-
tion over the full range of values of years
from seroconversion. The estimator is to
be interpreted as the one to be obtained
ifconditionsofthatperiodarealwayspres-
ent. Comparison of survival functions was
done by estimating and testing RHs by
using a Cox proportional hazards model
with staggered entries.22 Appropriate
parametricregressionmethodswereused
to estimate and test relative times (ie, the
factorbywhichtimesareexpandedorcon-
tracted) with respect to a reference cal-
endar period.25,26 If therapies associated
with a calendar period are more effective
than those in the reference period, RH in-
dicates the factor by which the event haz-
ard is reduced, and relative times indi-
cate the factor by which times are
extended by more effective therapies.

To compare rate of CD4 cell count
change in different calendar periods, we

Table 1.—Descriptive Statistics of 536 HIV Seroconverters Seen at Different Calendar Periods in the
Multicenter AIDS Cohort Study From 1984 to 1997*

Variable

Calendar Period

Before 1990 1990-1993 1993-July 1995 July 1995-July 1997

No. seen while AIDS-free 367 414 370 288

Year of seroconversion† 1985.68 1986.76 1987.88 1989.15

Age at seroconversion† 32.3 32.7 33.0 33.4

Time between last negative
and first positive visits†

0.52 0.52 0.52 0.52

Infection duration at beginning
of calendar period†

0.34 3.41 5.12 6.35

No. of person-years while
AIDS-free†

1152 961 761 491

No. of AIDS cases 48 78 82 23

No. of deaths 29 57 73 41

*HIV indicates human immunodeficiency virus; AIDS, acquired immunodeficiency syndrome.
†All values are median years unless otherwise noted.

Table 2.—Drug Therapy and Health Care Use in 4 Calendar Periods by HIV Seroconverters in the
Multicenter AIDS Cohort Study From 1984 to 1997*

Variable

Use During Calendar Period, %

Before 1990
(n = 347)†

1990-1993
(n = 347)†

1993-July 1995
(n = 313)†

July 1995-July 1997
(n = 227)†

Nucleoside reverse transcriptase
inhibitor (NRTI)

Lamivudine 0 0 3.8 64.3

Zidovudine 17.0 49.1 44.1 53.7

Stavudine 0 0.9 8.6 37.9

Didanosine 0 9.8 20.4 15.9

Zalcitabine 0 8.1 17.9 14.1

Any NRTI usage 17.0 50.0 51.4 73.7

Protease inhibitor (PI)
Indinavir 0 0 0 33.5

Saquinavir 0 0 0 18.1

Ritonavir 0 0 0 11.0

Nelfinavir 0 0 0 10.1

Any PI usage 0 0 0 46.7

Nonnucleoside reverse transcriptase inhibitor
(NNRTI)

Nevirapine 0 0 0 8.4

Delavirdine 0 0 0.3 0.9

Any NNRTI usage 0 0 0.3 8.4

Pneumocystis carinii pneumonia (PCP)
prophylaxis and/or treatment

Sulfamethoxazole 1.4 13.3 24.9 28.2

Dapsone 1.2 4.9 8.6 5.3

Aerosolized pentamidine 2.0 10.7 5.1 3.1

Trimethoprim 0 0.3 0.3 0

Intravenous pentamidine 1.2 0.6 1.0 0

Any PCP prophylaxis and/or treatment 4.6 22.5 31.9 32.6

Mycobacterium avium–intracellulare
complex (MAC) prophylaxis

Clarithromycin 0 1.2 3.2 5.3

Azithromycin 0 0 0.6 4.8

Rifabutin 0 0 4.5 2.2

Any MAC prophylaxis 0 1.2 8.0 9.3

Other prophylaxis and/or treatment
Acyclovir for herpes 20.7 27.7 33.5 34.4

Acyclovir 2.3 15.3 19.5 22.0

Fluconazole 0 6.1 15.3 11.9

Health care usage
Outpatient visit to physician’s office, non–

health maintenance organization (HMO)
NA 70.5 76.9 77.5

Outpatient visit to HMO NA 22.9 26.3 37.0

Any health provider visit NA 87.5 94.2 96.5

*HIV indicates human immunodeficiency virus; AIDS, acquired immunodeficiency syndrome; and NA, data not
available for visits in this calendar period.

†Number of AIDS-free seroconverters for whom therapy could be assessed in the 4 calendar periods.
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used a random-effects model27 for cell
count trajectories in those achieving
similar infection durations at the begin-
ning of each calendar period. For strata
defined by infection duration at the be-
ginning of a calendar period, we allowed

intercepts and slopes to vary among in-
dividuals as a variable effect and we con-
trasted and tested for significance of dif-
ferences between the average decline in
each of the 3 calendar periods of interest.
A slower CD4 cell count decline or even

an increase in the latest period in those
with similar infection durations would
be indicative of therapy effectiveness.

RESULTS
Of the 536 HIV seroconverters in the

MACS followed up to June 30, 1997, 50%
seroconvertedbeforeDecember1986.Me-
dian age at seroconversion was 33 years
and median AIDS-free follow-up after se-
roconversion was 6.6 years. During the
study’s span of 13 years, only 67 (12.5%)
werelosttofollow-upwhileAIDS-freeand
49 (9.1%) in follow-up to death. While
AIDS-free, the 536 seroconverters were
seen at 82.2% (5474) of possible 6-month
visits. Table 1 presents descriptive statis-
tics for AIDS-free seroconverters at each
of the 4 calendar periods. The most strik-
ing difference between calendar periods
was infection duration at the beginning of
each period. Thus, we statistically ad-
justed for this difference in infection du-
ration to compare men with similar infec-
tion duration at each calendar period. The
appropriateness of such adjustment rests
on the overlap between periods. Inter-
quartilerangesof infectiondurationsaten-
try were 0.3 to 0.4, 0.9 to 4.7, 2.3 to 7.1, and
3.7 to 9.2 years for the 4 calendar periods
in Table 1, respectively. Thus, the last 3
periods, on which primary conclusions are
based, have sufficient overlap to allow ap-
propriate comparisons.

Table 2 shows the percentage of
AIDS-free seroconverters using a given
medication in the 4 calendar periods for
each of the commonly prescribed medi-
cations. The table shows that the most
striking change that occurred between
the last 2 periods was the introduction of
protease inhibitors with concomitant in-
creases in use of lamivudine and stavu-
dine. Marked increases were also noted
in zidovudine use and Pneumocystis ca-
rinii pneumonia prophylaxis between
thefirst2periods.Therewasarelatively
small increase in the proportion of men
with an outpatient visit in the last 3 in-
tervals, from 87.5% in 1990 to 1993 to
96.5% in July 1995 to July 1997. Thus,
most men have been under clinical care
since 1990.

Figure 2 shows the Kaplan-Meier
curves for AIDS-free time correspond-
ing to estimates obtained by juxtaposing
all contributions of different individuals
seen in a given period since seroconver-
sion. The percentage of those AIDS-free
ishighestforconditionsofJuly1995toJuly
1997 (ie, availability of potent antiretro-
viral therapy), followed by those with con-
ditions of the 2 middle periods (ie, mono-
therapy and combination therapy). The
poorest AIDS-free survival was seen for
conditions prior to 1990. With 1990 to 1993
as a reference, the RH of the period prior
to1990wasborderlinesignificantlyhigher
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(RH, 1.51; 95% confidence interval [CI],
0.96-2.39), the RH of 1993 to July 1995 was
closeto1(RH,1.04,95%CI,0.73-1.48),and
the RH of July 1995 to July 1997 was sig-
nificantly lower and close to a third of the
hazard in 1990 to 1993 (RH, 0.35; 95% CI,
0.20-0.61).

Figure 3 shows the corresponding
analysis for survival times and the RHs
of death. The inferences and direction-
alities were similar to those observed for
AIDS occurrence, with the proviso that
hazard of death during July 1995 to July
1997 relative to that for 1990 to 1993 was
closer to 1 (ie, 0.62) and borderline sig-
nificant (95% CI, 0.38-1.01).

To quantify relative times of different
calendar periods we used log normal re-
gression incorporating staggered en-
tries. This parametric model provided
an appropriate fit to the separate curves
shown in Figures 2 and 3, and this para-
metric family has been shown to appro-
priately describe overall distribution of
timetodevelopmentofAIDS.28 Sincethe
last 3 periods have comparable ranges of
follow-up and assessment of potent an-
tiretroviral therapy effectiveness vs
that of monotherapy and combination
therapy is of central interest, we re-
stricted analysis of relative times to the

last 3 periods. Table 3 characterizes
AIDS therapies received by the sero-
converter cohort at later calendar peri-
ods. The second half of Table 3 provides
estimates and 95% CIs of the relative
AIDS-freetimesandsurvival times.The
times for 1993 to July 1995 were similar
tothose for1990to1993, indicatingthere
was no major effect of combination
therapy relative to monotherapy at the
population level. In contrast, AIDS-free
times for July 1995 to July 1997 were
63% longer than those for 1990 to 1993,
and the extension of AIDS-free times
was statistically significant. Similarly,
survival times for July 1995 to July 1997
were significantly lengthened by 21%.

To determine the effect of potent an-
tiretroviral therapy on rates of CD4 cell
count change, we compared the mean
change per year in the 3 calendar periods
in men with similar HIV-infection dura-
tions at the beginning of the period.
Table 4 shows the numbers of men and
CD4 cell measurements, and mean CD4
cell count change per year by calendar
period and infection duration. For ex-
ample, there were 97 seroconverters
who at the beginning of 1990 were in-
fected for less than a year and provided,
while AIDS-free, 342 CD4 cell measure-

ments between 1990 and 1993. The mean
change for those men was −81.2 cells per
year. For all infection durations, the rate
of change in July 1995 to July 1997
showed a CD4 cell count increase or de-
cline of lesser magnitude than in the pre-
vious 2 periods. Except for those with
infection duration between 4 and 5.5
years, ratesofchange inJuly1995toJuly
1997 were significantly (P,.05) differ-
ent than those seen in 1993 to July 1995.
Also, for those with infection duration
between 1 and 3 years, rates in July 1995
to July 1997 were significantly different
from those seen in 1990 to 1993. Rate of
change in July 1995 to July 1997 for those
with infection duration less than 1 year
approached significance (P = .09) when
compared with the corresponding rates
in 1990 to 1993. Adjusted by infection
duration, mean rate of CD4 cell count
decline in 1990 to 1993 and 1993 to July
1995 was 80.9 and 94.2 cells faster than in
July 1995 to July 1997 (P,.05). Conso-
nant with inferences involving AIDS-
free status and survival times, rate of
CD4 cell count decline was not different
when the periods of 1993 to July 1995
and 1990 to 1993 were compared.

COMMENT
The classic analysis involving an obser-

vational study measuring therapy effi-
cacy is to divide groups by treatments ac-
tually taken and try to capture important
confounding variables at an individual
level. The major difficulty of such an ap-
proach is to ensure that there is no re-
sidual confounding. Although the ap-
proach presented herein does not
determine efficacy, it does determine ef-
fectiveness at the population level by
showingchangesoccurringindifferentcal-
endar periods in persons with compa-
rable infection duration. Also, it provides
acharacterizationof therapiesusedbythe
cohort in these different calendar peri-
ods. Our observational study of potent an-

Table 3.—Antiretroviral Therapy and Relative AIDS-Free and Survival Times by Calendar Periods*

Variable

Calendar Period

1990-1993 1993-July 1995 July 1995-July 1997

No. seen while AIDS-free 414 370 288

% of Patients who received†
No therapy 50 49 27

Monotherapy only 36 25 3

Combination therapy 14 26 21

Potent antiretroviral therapy 0 0 49

Relative AIDS-free times (95% CI)‡ 1 0.97 (0.86-1.09) 1.63 (1.40-1.89)

Relative survival times (95% CI)‡ 1 1.01 (0.91-1.12) 1.21 (1.07-1.36)

*AIDS indicates acquired immunodeficiency syndrome; CI, confidence interval. Estimates of relative times are
adjusted by infection duration and age at seroconversion and were obtained using log normal regression methods.

†Percentages of 347, 313, and 227 AIDS-free seroconverters for whom therapy could be assessed in the 3
calendar periods, respectively.

‡Relative time is the factor by which times are expanded or contracted.

Table 4.—Mean CD4 Cell Count Change per Year Prior to AIDS in HIV Seroconverters by Calendar Period and Infection Duration at the Beginning of Calendar
Period*

No. of Years
of Infection

Calendar Period

1990-1993 1993-July 1995 July 1995-July 1997

No. of
Individuals

No. of CD4 Cell
Measurements

Mean
Change in

No. of Cells/y
No. of

Individuals
No. of CD4 Cell
Measurements

Mean
Change in

No. of Cells/y
No of

Individuals
No. of CD4 Cell
Measurements

Mean
Change in

No. of Cells/y

0.01-1.00† 97 342 −81.2 47 144 −115.1 14 40 −4.8

1.01-2.00†‡ 32 151 −94.5 29 108 −79.4 15 52 49.0

2.01-3.00†‡ 46 200 −42.9 25 89 −86.5 12 37 112.8

3.01-4.00† 48 208 −57.3 40 143 −77.3 27 90 −13.8

4.01-5.50 114 477 −74.0 38 140 −80.6 26 73 −28.9

5.51-7.00† 0 NA NA 51 191 −65.3 35 114 34.1

7.01-8.50† 0 NA NA 65 244 −62.5 27 88 12.8

*AIDS indicates acquired immunodeficiency syndrome; HIV, human immunodeficiency virus. The adjusted difference relative to July 1995 to July 1997 for 1990 to 1993 is
−80.9 with a 95% confidence interval of −112 to −49; for 1993 to July 1995 it is −94.2 with a 95% confidence interval of −118 to −70.

†The calendar period of July 1995 to July 1997 in comparison with 1993 to July 1995 has a value of P,.05.
‡The calendar period of July 1995 to July 1997 in comparison with 1990 to 1993 has a value of P,.05.

JAMA, November 4, 1998—Vol 280, No. 17 Effectiveness of Antiretroviral Therapy on Cohort of Seroconverters—Detels et al 1501

©1998 American Medical Association. All rights reserved.



tiretroviral therapy intheMACSdoesnot
provide as accurate an assessment of bio-
logic efficacy as a clinical trial, nor can it
easily take into account frequent drug
regimenchangesanddosevariations in in-
dividual drugs, or concurrent use of other
drugs. Finally, it provides only self-
reported adherence information, possi-
bly subject to bias. These misclassifica-
tion problems would tend to reduce the
likelihoodofobservingadifference intime
to development of AIDS and to death at-
tributabletopotentantiretroviraltherapy.
Nonetheless, this study provides an as-
sessment of potent therapy effect in a set-
ting where rigorous monitoring of ad-
verse effects, vigorous promotion of drug
regimen adherence, and observation of
the use of other drugs is not possible. A
drug therapy showing efficacy in a clini-
cal trial may have little public health im-
pact under the less stringent conditions
existing in the community. Drug effec-
tiveness in the community, therefore, also
needs to be evaluated.

Cohort studies offer not only data to
characterize which therapies are re-
ceived by cohort members, but also data
for comparing incidences of events of in-
terest (eg, AIDS, death) for those having
the same infection duration at different
calendar times. The RHs, AIDS-free
times, and survival times presented
herein are in men with similar infection
duration who were infected at the same
ages. Comparisons provided by national
registriesofpersonswithunknowninfec-
tion duration14,15,29 cannot be directly ad-
justed by infection duration. Arbitrary
CD4 cell levels used to approximate time
since infection do not adequately adjust
for the effect of long-term survivors be-
ing more prevalent in later cohorts.

Direct measures of the relative time
interval by which AIDS-free and sur-
vival times have been lengthened (Table
3)providedatauseful inconductingcost-
effectiveness analyses. Such analyses
will need to include the increased ex-
pense resulting from cost of potent an-
tiretroviral therapy, earlier therapy ini-
tiation, and prolonged survival. Hospi-
talizationcostreductionsandproductive
workprolongationcounterbalancethese
expenses.

Autran et al29 noted CD4 cell count in-
creaseswithpotentantiretroviral therapy
in a clinical trial. Our findings show a con-
sistent increase in CD4 cell counts in se-
roconverters with infection durations
varying from less than 1 year to 8.5 years.
This reduction in CD4 cell loss was not
seen during 1990 to 1993 and 1993 to July
1995 when monotherapy and combined
therapy were the dominant therapy
modes.Thesefindings furthersupportthe
beneficial effect of potent therapy as used
inthecommunity,especiallysincetheCD4

cell count increase in the study by Au-
tran et al29 was accompanied by an in-
crease in memory CD4 cell counts, reduc-
tion inT-cellactivation, improvedCD4cell
reactivityto recall antigens, anda late rise
in naive CD4 cells. Although we have not
yet completed HIV RNA measurements
in these men, the reported decrease in T-
cell activation29 suggests that the CD4 cell
count increase seen herein is associated
with concurrent HIV RNA load de-
crease.

Although we do not provide care for
MACS subjects, we did obtain data on
physician and/or health care facility vis-
its during the last 3 periods (Table 2). We
observed only a small (9%) increase in
the proportion visiting a health care fa-
cility between 1990 to 1993 and July 1995
to July 1997.

The proportion taking either mono-
therapy or combined therapy in the first
2 periods (1990 to 1993 and 1993 to July
1995) was about the same (50% and 51%;
Table 3), but fell to 24% in July 1995 to
July 1997. The proportion not taking any
therapy was similar in the first 2 time
periods, 50% and 49%, respectively, but
decreased to 27% in July 1995 to July
1997 because 49% of the men began tak-
ing potent antiretroviral therapy. Thus,
increased survival to AIDS and death in
July 1995 to July 1997 was probably due
to some men taking potent therapy (the
proportiontakingitduringthistimerose
steeply). Of the 49% reporting use of po-
tent therapy for the entire July 1995 to
July 1997 period, most reported receiv-
ing it for about one half of the period. The
majority, 74 (66%) of the 112 men report-
ing potent therapy use in July 1995 to
July 1997, reported taking no therapy
(n = 41, 37%) or monotherapy (n = 33,
29%) in the previous calendar period.
Only 1 (2%) of 41 men having no prior
treatment developed AIDS whereas 5
(7%) of 67 men with prior monotherapy
or combined therapy developed AIDS.
It has been reported that potent therapy
response is better in previously un-
treated persons,5 so this may have con-
tributed to its apparently high effective-
ness despite only 49% of the entire co-
hort taking it.

The lack of difference in apparent ef-
ficacy of monotherapy vs combined
therapy may reflect the fact that some
men in 1990 to 1993 were already receiv-
ing combined therapy. The difference in
the proportion reporting combination
therapy use between this earlier period
and 1993 to July 1995 was only 12%
(Table 3). Similarities between the 2 pe-
riods in the early 1990s are in agreement
with a recent report30 in which the same
methods were used to analyze a serocon-
verter cohort in Vancouver, British Co-
lumbia, where event of interest was sur-

vival time after seroconversion, but
these findings did not include the calen-
dar period when protease inhibitors
were introduced.30 Hogg et al15 recently
ascribed mortality declines in 1996 to in-
troduction of lamivudine and stavudine,
introduced concurrently with protease
inhibitors, which may have been the
more likely explanation for the decline.
We observed a protease inhibitor use in-
crease during the same period that lam-
ivudine and stavudine use increased
(Table 2). Our results complement those
from an observational HIV outpatient
study31 in which a decrease was shown in
overall mortality and incidence of Pneu-
mocystis carinii pneumonia, Mycobac-
terium avium complex disease, and cy-
tomegalovirusretinitis inthosewith less
than 100 CD4+ cells per mL with increas-
ing use of combination antiretroviral
therapy. The addition of protease inhibi-
tors augmented therapy benefits. The
study included women, people of color,
and injection drug users.

An unexpected finding was that the
reported increasing use of potent anti-
retroviral therapy appeared to have
greater effect on extending time to de-
velopment of AIDS than time to death.
This relative difference in delaying
AIDS and death is similar to that seen
with zidovudine use.32,33 It is not clear
why the effect is greater for delaying
AIDS onset vs death, but it may reflect
lower efficacy of antiretroviral therapy
given to individuals with very advanced
HIV disease.

The results strongly suggest that po-
tent antiretroviral therapy use by HIV-
infected persons in the community will
have a substantial beneficial effect on
prolongingtimetodevelopmentofAIDS
and time to death, and arresting CD4
cell count decline. While comparisons
made here are of calendar periods and,
therefore, reflect all differences from
previous calendar periods, the most
likely cause for improved survival was
introduction and use of potent antiret-
roviral therapy in the last calendar pe-
riod. Although the magnitude of its im-
pact on seroconverters appears large
given that only 49% were taking this
therapy during the last period, it is prob-
able that those with advanced disease
were more likely to have been offered, or
have chosen to take potent therapy. It is
these men, and not those in earlier dis-
ease stages, who would have been most
likely to develop AIDS and die in the last
calendar period had they not received
potenttherapy.Furtherfollow-upofthis
cohort and of cohorts of women, persons
of color, and injection drug users,34 as
prevalence of potent antiretroviral use
increases, will provide a clearer picture
of its long-term effect, as well as of treat-
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ment failures and less than optimal lev-
els of adherence.

MACS is funded by the National Institute of Al-
lergy and Infectious Diseases with additional supple-
mental funding from National Cancer Institute
grants UO1-AI-35042, 5-M01-RR-00722 (GCRC),
UO1-AI-35043, UO1-AI-37984, U01-AI-35039, UO1-
AI-35040, UO1-AI-37613, and U01-AI-35041.

MACS investigators: The Johns Hopkins Uni-
versity School of Hygiene and Public Health, Balti-
more, Md, Joseph B. Margolick, MD, PhD, principal
investigator, Haroutune Armenian, MD, DrPH,
Homayoon Farzadegan, PhD, Nancy Kass, ScD,

Justin McArthur, MD, Ellen Taylor; Howard
Brown Health Center and Northwestern Univer-
sity Medical School, Chicago, Ill, John P. Phair, MD,
principal investigator, Joan S. Chmiel, PhD, Bruce
Cohen, MD, Maurice O’Gorman, PhD, Daina Vari-
akojis, MD, Jerry Wesch, PhD, Steven M. Wolinsky,
MD; University of California, Schools of Public
Health and Medicine, Los Angeles, Roger Detels,
MD, MS, and Janis V. Giorgi, PhD, principal inves-
tigators, Barbara R. Visscher, MD, DrPH, Janice P.
Dudley, MPH, John L. Fahey, MD, Oto Martı́nez-
Maza, PhD, Eric N. Miller, PhD, Hal Morgenstern,
PhD, Parunag Nishanian, PhD, John Oishi, MSPH,
Jeremy Taylor, PhD, Harry Vinters, MD; Univer-
sity of Pittsburgh Graduate School of Public Health,

Pittsburgh, Pa, Charles R. Rinaldo, PhD, principal
investigator, James T. Becker, PhD, Phalguni
Gupta, PhD, Lawrence Kingsley, DrPH, John Mel-
lors, MD, Sharon Riddler, MD, Anthony Silvestri,
PhD; National Institute of Allergy and Infectious
Diseases, Bethesda, Md, Lewis Schrager, MD,
project officer; and the National Cancer Institute,
Rockville, Md, Sandra Melnick, DrPH. The data co-
ordinating center was located at The Johns Hopkins
University School of Hygiene and Public Health
with Alvaro Muñoz, PhD, as the principal investi-
gator and Cheryl Enger, PhD, Stephen Gange, PhD,
Lisa P. Jacobson, ScD, Cynthia Kleeberger, MAS,
Robert Lyles, PhD, Glen McFarlane, MS, Steven
Piantadosi, MD, PhD, and Sol Su, ScD.
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