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Iss  AIDS a floatin g poin t betwee n HIV seroconversio n 
andd death? Insight s fro m the Tricontinenta l 

Seroconverte rr  Stud y 

Birgi tt  H.B. van Benthem , Paul J. Veugelers* , Peter G.A. Cornelisse f, 
Steffani ee A. Strathdee* , John M. Kaldor* , Kimberl y A. Page Shafer §, 

Roell  A. Coutinh o and Godfrie d J.P. van Griensve n 

Objective ::  To investigate the significance of the time from seroconversion to AIDS 
(incubationn time) and other covariates for survival from AIDS to death. 
Methods ::  In survival analysis, survival from AIDS to death was compared for 
differentt categories of length of incubation time adjusted and unadjusted for other 
covariates,, and significant predictors for survival from AIDS to death were 
investigated. . 

Results ::  Survival after AIDS was not affected by the incubation time in univariate as 
welll as in multivariate analyses. Predictive factors for progression from AIDS to death 
weree age at seroconversion, type of AIDS diagnosis, and CD4 cell count at AIDS. 
Thee relative hazard for age at seroconversion increased 1.38-fold over 10 years. Men 
withh a CD4 cell count at AIDS of < 1 3 0 x 1 06/l had a twofold higher risk in 
progressionn to death than men with higher CD4 cell counts. Persons diagnosed with 
lymphomaa had a sixfold higher risk of progression to death than persons with 
Kaposi'ss sarcoma or opportunistic infections. 

Conclusions ::  The incubation time as well as other factors before AIDS did not affect 
survivall after AIDS. Survival from AIDS to death can be predicted by data obtained 
att the time of AIDS diagnosis, such as type of diagnosis, age and CD4 cell count. 
AIDSS seems to be a significant point in progression to death, and not just a floating 
pointt between infection and death affected by prior factors for persons who did not 
receivee effective therapy and did not have long incubation times. 

©© 1998 Lippincott-Raven Publishers 

AIDSAIDS 1998, 12:1039-1045 
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Introductionn estimated at between 12 and 20 months [1-3]. These 
studiess showed that survival after AIDS decreases with 

Duringg the past decade, survival trends in persons with older age, and has improved in more recent calendar 
AID SS have been evaluated in several studies. In years, although survival times appear to differ according 
general,, median survival from AIDS to death has been to specific AIDS index diseases. For example, survival 
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Chapterr 2 

fo l lowin gg pr imary diagnosis wi t h Pneumocystis carinii 
pneumon iaa has improved, largely due to advances in 
t reatmentt and prophylaxis [4—8]. Kaposi's sarcoma has 
beenn associated with longer survival after A ID S than 
o therr A IDS-def in ing diseases, whereas persons diag-
nosedd wi t h lymphoma have poorer prognoses [9—13]. 

Survivall  after A ID S decreases wi th lower C D4 lym-
p h o c y tee c o u nt at t i me of A I D S d iagnos is [9,14]. 
A l thoughh several studies have shown that C D4 cell 
decl inee plays an important role in the progression to 
A ID SS [15,16], littl e is known about the role of CD4 
celll  decline preceding AID S on survival after A ID S and 
otherr factors before the time of AID S diagnosis such as 
durat ionn of infection (i.e., incubation t ime). A reason 
forr this is that most studies have only included informa-
t ionn f rom A I D S onwards, because the du ra t i on of 
in fect ionn is usually u n k n o w n. Sero inc ident cohorts 
providee more information because complete follow-up 
fromm seroconversion onwards is available and cases are 
nott selected on basis of disease progress ion. In our 
studyy we combined seroconverters from five cohorts of 
h o m o s e x u all  m e n, a l l o w i ng us to i n v e s t i g a te the 
durat ionn from infection to AID S and A ID S to death 
s imu l taneous ly.. To gain insight in the relat ionship 
be tweenn progression (time) of H I V infection before 
andd after the t imepoint of AID S diagnosis, we investi-
gatedd the impact of the length of incubation t ime on 
survivall  from AID S to death. 

Methods s 

Subjects s 
T hee T r i c o n t i n e n t al S e r o c o n v e r t er S tudy has been 
describedd in detail elsewhere [17]. Briefly, all partici-
pantss were homosexual men with documented inter-
valss of H I V seroconversion from five cohort studies: 
Vancouverr Lymphadenopathy-AIDS Study (n = 131). 
Sydneyy Prospective AID S Study (n — 79), Amsterdam 
Coho rtt Study (n — 151), San Francisco Men 's Health 
Studyy (n = 46), and San Francisco General Hospital 
S tudyy (n = 19) [18—22]. Seroconvers ion dates were 
estimatedd by taking the midpoint between the dates ot 
thee last HIV-seronegat ive and the first HIV-seroposi-
t i v ee test, d e n o t ed as the s e r o c o n v e r s i on interval. 
Personss with an interval of more than 2 years between 
thee date of last visit and date of AID S diagnosis were 
consideredd lost to fol low-up and were not included in 
thee analyses from AID S to death [23]. As a result of this 
censoringg method, 197 persons were included in these 
analyses.. For 156 (79%) of the participants, the sero-
conversionn interval was less than 1 year and the median 
lengthh was 6 months. 

Dataa collection prior to AIDS 
Al ll  subjects underwent physical examination and blood 
testing,, and completed detai led medical and behav-
iourall  ques t ionna i res at 3, 6 or 12 m o n t hs visits. 
I n f o r m a t i onn on A I D S d iagnoses and dea th w e re 
obtainedd dur ing fol low-up and through linkage with 
local/nationall  AID S and death registries at each study 
location.. In this study, AID S was diagnosed according 
too the definition in use at that t ime. AID S diagnoses 
basedd on C D4 cell counts were not included [24,25]. 
Dependingg on the end of fol low-up of each cohort and 
takingg into account report ing delay of registers, the 
censoringg date was ultimately 1 July 1996. 

Dataa collection after AIDS 
Post -AIDSS data were col lected until death, the last 
cl inicall  visit or unt il the end of the study per iod. 
Clinicall  follow-up for participants from Vancouver was 
obtainedd from medical charts contain ing information 
onn post-AIDS morbidity by physicians connected with 
thee cohort study, and for those who were involved in 
cl in icall  tr ials or hosp i ta l i zed, i m m u n o l o g i c al and 
virologicall  in format ion was also available. Data on 
antiretroviralss was obta ined th rough record l inkage 
w i t hh a p r o v i n c e w i de t r e a t m e nt reg is t ry. C l in ical 
follow-upp for participants from Amsterdam was realized 
th roughh a cont inuous documenta t ion ot pos t -A IDS 
morbidityy by physicians work ing both at the cohort site 
andd the affiliated university hospital and by reviewing 
hospitall  records. For Sydnev patients, hospital records 
weree checked prospectively. For San Francisco patients, 
onlyy self-reported clinical information on subsequent 
diagnoses,, C D4 cell count and antirctroviral treatment 
cou ldd be ob ta i ned. T h e r e f o r e, our f ind ings we re 
confirmedd by repeat ing the analysis w i thout persons 
fromm San Francisco. 

Statisticall analysis 
Kaplan—Meierr p roduc t - l im it me thods were used to 
estimatee median survival from AID S to death. The cut-
offf  da te of the analyses was 1 Ju ly 1996. Persons 
includedd in the analyses not seen in the year preceding 
thee cut-off date, and persons with a date of death more 
thann 2 years after their last visit were censored alive at 
thee date of their last visit. Persons in active fol low-up 
(i.e.,, seen m the year preceding the cut-off date) were 
assumedd to be alive at that date [26]. Persons who died 
withi nn 2 years of their last visit were censored at their 
datee ot death. Differences in survival rates between 
categoriess ot covariates were assessed using the log-rank 
test. . 

Thee effect of incubation t ime on progression time from 
AID SS to death was evaluated using Cox proport ional 
hazardss models. In the mult ivariate analysis we con-
trolledd for differences in age at seroconversion, calendar 
yearr of seroconversion, C D4 cell decline after serocon-
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version,, CD4 cell count at AIDS diagnosis, AIDS 
indexx diagnosis, and the use of treatment. In Cox pro-
portionall  hazards analysis, statistical significance was 
determinedd by likelihood ratio tests. We tested for 
interactionss between covariates and verified the pro-
portionalityy assumption for each covariate by adding a 
time-dependantt covariate to the univariate model and 
byy using a likelihood ratio statistic. The proportionality 
assumptionn was satisfied for all covariates. Significant 
interactionss were found for post-AIDS use of 
PneumocystisPneumocystis carinii pneumonia (PCP) prophylaxis with 
bothh pre-AIDS use of antiretrovirals and CD4 cell 
count.. To accommodate these interactions we included 
bothh interaction terms in the multivariate model. 

Incubationn time was treated as a continuous variable as 
welll  as a categorical variable based on tertiles. Age at 
seroconversionn was treated as a continuous covariate as 
welll  as in categories based on the median. Categories of 
CD44 cell count at AID S diagnosis were divided 
accordingg to the median. For 19 persons, no CD4 cell 
countt before AIDS diagnosis was available within 1.5 
years.. The slope of CD4 cell decline was estimated 
usingg linear least squares regression analysis starting 
withh CD4 cell counts from 6 months after seroconver-
sionn through to the time of AIDS diagnosis. To calcu-
latee an individual slope, at least three measurements had 
too be available in the defined period resulting in 
166 persons with missing values for the CD4 cell slope. 
Forr 28 persons, both CD4 cell covariates were not 
available.. Since site differences in CD4 cell decline 
havee been previously documented [27] and the hazard 
didd not change constantly, CD4 cell decline was 
includedd in the analyses as categories. 

Calendarr year of seroconversion was categorized into 
thee following five periods: before 1984, 1984, 1985, 
1986,, and after 1986. The classification of year of AIDS 
diagnosiss was based on the increasing availability of 
treatment.. Year of AIDS diagnosis was excluded from 
thee multivariate model since this variable is a combina-
tionn of the incubation time and year of seroconversion, 
ass well as age at the time of AIDS diagnosis, which is a 
combinationn of age at seroconversion and the incuba-
tionn time. AIDS index diagnoses were divided into the 
followingg groups: Kaposi's sarcoma, opportunistic 
infections,, and lymphoma. Wasting syndrome and 
AID SS dementia were categorized as opportunistic 
infections.. To correct for the effect of treatment, use of 
antiretroviralss and PCP prophylaxis before AIDS were 
includedd in the model as dichotomous covariates. Post-
AIDSS use of antiretrovirals and PCP prophylaxis were 
includedd as time-dependant covariates. To study the 
effectt of antiretroviral treatment more carefully, the use 
off  antiretrovirals was divided into monotherapy (mainly 
zidovudine)) and double combination therapy (no pro-
teasee inhibitors). Only three persons had received triple 
therapyy before AIDS was diagnosed and seven after 

AIDSS was diagnosed. These were categorized as double 
therapyy patients. 

Result s s 

Off  426 men, 197 (46%) developed AID S during 
follow-up,, and of these, 148 (75%) had died by July 
1996.. Of the 197 men included in the analyses from 
AID SS to death, 59 came from Vancouver, 49 from 
Sydney,, 68 from Amsterdam, and 21 from San 
Francisco.. Median age at seroconversion was 33 years. 
Mediann CD4 cell count at AID S diagnosis was 
1300 X 106/1. Of the men who developed AIDS by July 
1996,, 40% had an incubation time of less than 5 years, 
26%% of 5-6 years, and 34% of more than 6 years. The 
mediann time from seroconversion to AID S was 
5.77 years (interquartile range, 3.7-7.6 years). More than 
50%% of the men used antiretrovirals before they were 
diagnosedd with AIDS, whereas 30% used primary PCP 
prophylaxis.. Another 25% started taking antiretrovirals 
afterr AIDS was diagnosed and 13% started using PCP 
prophylaxiss after AIDS. Kaposi's sarcoma was diag-
nosedd in 21% of AIDS cases, opportunistic infections in 
72%,, and lymphoma in 7% (Tables 1 and 2). 

Tablee 1. Survival from AIDS to death using covariates before the 
timee of AIDS diagnosis among 197 homosexual men with AIDS 
registeredd in the Tricontinental Seroconverter Study. 

Site e 
Vancouver r 
Sydney y 
Amsterdam m 
Sann Francisco 

nn {%) 

599 (30) 
49(25) ) 
688 (34) 
211 (11) 

Agee at seroconversion (years) 
<33 3 
>> 33 

Yearr of seroconversion 
Beforee 1984 
1984 4 
1985 5 
1986 6 
Afterr 1986 

Incubationn time (years) 
0-4 4 
5-6 6 
>> 6 

Pre-AIDSS antiretrovirals 
Yes s 
No o 

Pre-AIDSS PCP prophylaxis 
Yes s 
No o 

977 (49) 
100(51) ) 

29(15) ) 
422 (21) 
555 (28) 
32(16) ) 
399 (20) 

799 (40) 
522 (26) 
666 (34) 

1011 (51) 
966 (49) 

599 (30) 
11 38 (70) 

CD44 cell decline (x 10fc/l/year) 
>150 0 
100-150 0 
50-99 9 
<50 0 

488 (24) 
399 (20) 
511 (26) 
411 (21) 

Mediann (95% CI) 
survivall (months) 

18(10-26) ) 
19(13-26) ) 
23(17-26) ) 
18 (7 -25) ) 

211 (16-25) 
19(14-25) ) 

23(15-33) ) 
144 (10-20) 
24(16-27) ) 
177 (10-27) 
177 (14-22) 

211 (15-26) 
17(13-25) ) 
18(11-30) ) 

166 (12-21) 
255 (18-28) 

14(11-21) ) 
233 (17-26) 

177 (10-23) 
17(11-25) ) 
166 (11-31) 
255 (18-51) 

PP (log-
rank) ) 

0.70 0 

0.18 8 

0.11 1 

0.83 3 

0.OO3 3 

0.005 5 

0.12 2 

CI,, Confidence interval; PCP, Pneumocystis carinii pneumonia. 
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Tabl ee 2. Survival from AIDS to death using covariates at the time 
off AIDS diagnosis or thereafter amongst 197 homosexual men with 
AIDSS registered in the Tricontinental Seroconverter Study. 

Total l 
CD44 cell count at AIDS 

(xx 106/l) 
<< 130 
>> 130 

AIDSS index diagnosis 
Kaposi'ss sarcoma 
Opportunisticc infection 
Lymphoma a 

Yearr of Al DS diagnosis 
Beforee 1988 
1988-1991 1 
Afterr 1 991 

nn (%) 

197 7 

944 (48) 
844 (43) 

422 (21) 
1422 (72) 

133 (7) 

200 (10) 
899 (45) 
888 (45) 

Mediann (95% CI) 
survivall (months) 

20(16-24) ) 

155 (11-20) 
255 (17-27) 

266 (21-30) 
199 (16-23) 

3(1-14) ) 

188 (4-24) 
244 (16-26) 
188 (13-23) 

PP (log-
rank) ) 

0.007 7 

<< 0.001 

0.19 9 

3.5 5 

3 3 

2.5 5 

2 2 

1.5 5 

1 1 

0 5 5 

0 0 

I I -- . . 
55 6 

Incubationn tim 

CI,, Confidence interval. 

Fig .. 1 . Relative hazard [95% conf idence interval (CI)] for 
progressionn from AIDS to death by incubation t ime among 
h o m o s e x u a ll m e n p a r t i c i p a t i n g in the T r i c o n t i n e n t a l 
Seroconverterr Study. 

Mediann survival from AIDS to death 
Thee median survival time from AIDS to death was 20 
monthss [95% confidence interval (CI), 16-24; Tabic 1], 
Thee 1- and 2-year survival probabilities were 67% 
(95%% CI, 59-73) and 41% (95% CI, 34-48), respec-
tively.. No significant differences in survival time were 
observedd between sites, although the median survival 
t imee from AID S to death was slightly longer in 
Amsterdamm than in the other sites. Men aged 33 years 
orr over at seroconversion had a median survival of 19 
monthss (95% CI, 14-25), whereas younger men had a 
mediann survival of 21 months (95% CI, 16-25). No 
differencess were observed between categories of length 
off  incubation time and year of seroconversion. The use 
off  antiretrovirals and PCP prophylaxis before AIDS 
weree associated with a significantly poorer survival after 
AIDS.. No significant differences in median survival 
timee were found between categories of CD4 cell 
decline.. Men with a CD4 cell count below 130 X 10('/1 
att the time of AIDS diagnosis had a significantly poorer 
survivall  (15 months; 95% CI, 11-20) than men with a 
CD44 cell count of 130 X Kj'71 or more (25 months; 
95%% CI, 17-27; Table 2). AIDS diagnoses other than 
Kaposi'ss sarcoma or lymphoma were collapsed, since 
noo differences in median survival time were observed 
(dataa not shown). Lymphoma as an AIDS index diag-
nosiss gave a median survival of 3 months (95% CI, 
1-14),, Kaposi's sarcoma of 26 months (95% CI, 
21-30),, and opportunistic infection of 19 months 
(95%% CI, 16-23). Persons who were diagnosed with 
AID SS between 1988 and 1991 had a longer survival 
(244 months; 95% CI, 16-26) than persons who devel-
opedd AID S before or after that time (18 months), 
althoughh differences were not significant. Patients who 
receivedd antiretroviral treatment after the time of AIDS 
diagnosiss had a longer survival than those who did not. 
Thee effect of post-AIDS use of PCP prophylaxis on 
survivall  was not significant. 

Predictorss for survival from AIDS to death 
Thee relative hazard for progression from AIDS to death 
didd not change constantly over the incubation time, 
althoughh differences were not significant (Fig. 1). 
Therefore,, we showed the incubation time to be a 
categoricall  variable based on tertiles as well as a contin-
uouss variable. Survival after AIDS was not affected by 
thee incubation time m univariate or multivariate analy-
siss (Table 3). Restricting the analysis to persons with a 
seroconversionn interval of less than 2 years or including 
sitee as a covanate in the multivariate model did not 
changee the results (data not shown). 

Tablee 3. Crude and adjusted relative hazards (RH) for progression 
fromm AIDS to death by incubation time among homosexual men 
registeredd in the Tricontinental Seroconverter Study. 

RHH (95% CI) 

Crude e Adjusted* * 

Incubationn time (years) 
0-4 4 
5-6 6 
>> 6 

Incubationn time (per year) 

1.00 0 
1.055 (0.71-1.55) 
1.133 (0.76-1.69) 
1.011 (0.94-1.08) 

1.00 0 
1.111 (0.68-1.81) 
0.722 (0.41-1.25) 
0.944 (0.84-1.05) 

rr age at seroconversion, year of seroconversion, pre- and post-
AIDSS antiretroviral treatment and Pneumocystis carinii pneumonia 
prophylaxis,, CD4 cell count at AIDS, CD4 cell decline prior to 
AIDSS and type of index diagnosis. CI, Confidence interval. 

Tablee 4. Significant predictors for progression from AIDS to death 
inn multivariate Cox proportional hazards analysis amongst homo-
sexuall men registered in the Tricontinental Seroconverter Study. 

RHH (95% CI) 

Agee at seroconversion (per 10 years) 1.39 (1.09-1.77) 
AIDSS index diagnosis 

Kaposi'ss sarcoma 1.00 
Opportunisticc infections 1.20 (0.77-1.86) 
Lymphomaa 6.00(2.93-12.3) 

CD4celll count at AIDS > 130 x 10f'/l 0.50 (0.34-0.72) 

RH,, Relative hazard; CI, confidence interval. 
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Tablee 4 shows the significant covariates kept in the 
Coxx model. Age at seroconversion, type of AIDS diag-
nosiss and CD4 cell count at the time of AIDS diagnosis 
weree predictive factors for progression from AIDS to 
death.. The relative hazard for age at seroconversion 
increasedd 1.39-fold (95% CI, 1.09-1.77) over 10 years. 
Replacingg age at seroconversion with age at AIDS 
diagnosiss did not appreciably change results. Men with 
aa CD4 cell count of 130 X 106/1 or more had half the 
riskk of progression to death compared with men with a 
CD44 cell count of less than 130 X loVl . Including 
CD44 cell count at AIDS diagnosis as a square-root-
transformedd covariate gave comparable results, but for 
easee of interpretation we showed the dichotomous 
covariate.. Restricting the analysis to persons with an 
intervall  between their last CD4 cell count and AIDS 
diagnosiss of 6 months or less resulted in comparable 
valuess (data not shown). CD4 cell decline prior to 
AID SS was not a predictive factor for survival after 
AIDSS in the multivariate model. CD4 cell decline after 
AID SS was less steep for persons with an incubation 
timee of 7 years or longer. However, CD4 cell count at 
thee time of the AIDS diagnosis was lower for these 
personss than for persons with an incubation time up to 
44 years (data not shown). Men diagnosed with a 
lymphomaa had a sixfold higher risk of progression to 
deathh than men diagnosed with Kaposi's sarcoma or 
opportunisticc infection. The predictive effect of the use 
off  antiretrovirals before and after AIDS was diagnosed 
disappearedd in multivariate analysis after correction for 
CD44 cell count at AIDS. Stratifying antiretroviral treat-
mentt to mono- and double therapy did not change the 
results. . 

Discussion n 

Inn this study, in which follow-up ended at the time 
proteasee inhibitors were widely introduced, survival 
fromm AIDS to death could not be predicted by the 
lengthh of incubation time. Therefore, our study pro-
videss no evidence that AID S is a floating point 
betweenn seroconversion and death. This is comparable 
withh a study among haemophiliacs in which there was 
noo difference in survival time for persons with incuba-
tionn times of 7 years or less versus more than 7 years 
[28].. In several studies that investigated the role of the 
incubationn time in progression to AIDS, the incubation 
timee was also of littl e importance in predicting the 
residuall  time to AIDS [15,16,29]. Age at seroconver-
sionn and AIDS predicted survival after AIDS, but no 
otherr factors before the time of AIDS diagnosis were 
predictivee for progression from AIDS to death. This 
meansmeans that for persons in whom the AIDS index diag-
nosiss is the first sign of the HIV infection, prognosis 
cann still be determined given the information at that 
time. . 

Ass observed in other studies [9-13], persons diagnosed 
withh lymphoma had a much higher risk of progression 
too death than persons with Kaposi's sarcoma or oppor-
tunisticc infections. We found no differences in survival 
betweenn specific opportunistic infections. Persons par-
ticipatingg in cohort studies are usually diagnosed earlier 
thann persons not under follow-up in a specific study, 
whichh results in a delay in diagnosing an AIDS-
definingg illness for persons not under follow-up. In 
studiess based on surveillance data, AIDS diagnosis is 
oftenn the first sign of HIV infection. Therefore, this 
delaydelay is more likely to occur in surveillance studies. 
Thiss can suggest a shorter survival for some specific 
diagnosiss because the infection is already more severe at 
thee time of diagnosis and therefore treatment can come 
tooo late or can be less effective. Delay in diagnosing an 
AIDS-definingg illness played a minor role in our study 
andd could be one explanation for the non-significant 
findingsfindings in survival time between different opportunis-
ticc infections. On the other hand, frail persons have 
moree rapid disease progression and thus are less likely 
too be included in seroincident studies. If rapid progres-
sionn is restricted to certain opportunistic infections, this 
couldd be another explanation for the lack of differences 
inn survival time between opportunistic infections. 

CD44 cell count at AIDS was already a strong predictive 
factorr for progression from AIDS to death. This was 
comparablee to other studies in which CD4 cell count 
wass also a strong predictor [9,12]. CD4 cell decline 
fromm seroconversion to AIDS was not a predictive 
factorr for progression from AIDS to death in our study, 
whichh was comparable to a study by Bindels et al. [14]. 
However,, these findings were in contrast with the 
importantt role of CD4 cell decline in predicting 
progressionn to AIDS [15,16]. Overall, it seems that the 
quantityy and quality of the immune system (e.g., 
magnitudee and reactivity of the immune response) at 
thee time of AIDS diagnosis are more important for 
survivall  than the rate of decline of immune function 
priorr to AIDS diagnosis. 

Predictivee values of antiretroviral treatment and PCP 
prophylaxiss disappeared in the multivariate analyses due 
too correction of CD4 cell counts at AIDS. No differ-
encess were found between mono- and double therapy. 
Inn contrast to our study, Saah et al. [12] found a better 
survivall  probability for patients who started antiretrovi-
rall  therapy after the AIDS diagnosis than for persons 
whoo used antiretrovirals before AIDS or never received 
therapy.. Pre-AIDS use of zidovudine gave a higher risk 
off  death from 1 year after the time of AIDS diagnosis 
onwardss in a study among homosexual men in 
Amsterdamm [14]. In a study that analysed the effect of 
zidovudinee on survival [30], zidovudine gave a substan-
tiall  but temporary effect on survival when started after 
thee AIDS diagnosis. Numbers in this study may have 
beenn too small, or it might be too early to find an effect 
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off  treatment in observational studies, but we know 
fromm clinical trials that there is an improvement of sur-
vivalvival due to treatment. It might be true that mono- and 
doublee therapy are not effective in lengthening the 
totall  survival time from infection to death, but are only 
successfull  in delaying the appearance of AIDS during 
thee infection. On the other hand, evaluating treatment 
inn observational studies may give rise to misleading 
outcomess since sicker persons start therapy sooner. 
However,, given the prognostic significance of treat-
mentt it is important to correct for its impact when 
studyingg covariates of survival. 

Ourr study indicates that survival from AIDS to death in 
homosexuall  men diagnosed with AIDS can be pre-
dictedd by data that can be obtained at the time of AIDS 
diagnosis,, such as the type of AIDS diagnosis and CD4 
celll  count at the time of AIDS. Furthermore, age at 
seroconversionn was also a predictor for survival from 
AID SS to death, but could be adequately replaced by 
agee at the time of AIDS diagnosis. Incubation time did 
nott affect survival after AIDS. However, follow-up 
t imee was too short to find an effect of triple 
combinationn therapy and to include persons with long 
incubationn periods. Therefore, we conclude from our 
studyy that AIDS seems to be a significant point in pro-
gressionn to death, and not just a floating point between 
infectionn and death affected by prior factors for persons 
whoo did not receive highly effective therapy and did 
nott have long incubation times. This implies that when 
AID SS is the first sign of the infection in those persons, a 
prognosiss for survival can still be made by physicians at 
thatt time. Nowadays, it is preferable to know the HIV 
statuss earlier than the time of AIDS diagnosis because 
treatmentt can then start sooner. In patients who receive 
thee effective therapy, AIDS diagnosis could be a float-
ingg point, but it is more dependent on compliance to 
therapyy rather than the length of incubation time. 
Futuree investigations are needed to investigate whether 
thee relationship holds for persons with long incubation 
times. . 

Acknowledgements s 

Thee authors thank K.J.P. Craib, J. Vizzard, P. Bindels, 
E.. Boucher, T. Halaby and N. Albrecht for their help-
full  assistance. 

References s 

1.. Mocrof t A, Johnson MA, Phillips A N : Factor s affectin g surviva l 
i nn patient s wit h AIDS . AIDS 1996, 1 0 : 1 0 5 7 - 1 0 6 5 . 

2.. Hessol NA, Koblin BA, van Griensven CJP, et al.: Progressio n o f 
huma nn immunode f i c i enc y viru s t yp e 1 ( H I V - 1 ) in fect io n 
amon gg homosexua l me n in hepatiti s B vaccin e tria l cohort s in 
Amsterdam ,, New Yor k City , and San Francisco , 1 9 7 8 - 1 9 9 1 . 

AmAm I Epidemiol 1994, 139 :1077 -1087 . 
3.. Mocroft A, Youle M , Morc inek J, et al.: Surviva l afte r diagnosi s 

o ff  AIDS : a prospectiv e observationa l stud y o f 2625 patients . 
BMjBMj 1997, 314 :409 -413 . 

4.. Jacobson LP, Kirby AJ, Polk S, et al.: Change s in surviva l afte r 
acquire dd immunodef ic ienc y syndrom e (AIDS) : 1 9 8 4 - 1 9 9 1 . 
AmAm j Epidemiol 1993, 138 :952 -964 . 

5.. Lemp C F , Payne SF, Neal D, Teme lso T, Ru the r fo rd C W : 
Surv i va ll  t r e n d s fo r p a t i e n t s w i t h A I D S . JAMA 1 9 9 0 , 
263 :402 -406 . . 

6.. Lundgren JD, Pedersen C, Clumeck N, ef al: Surviva l differ -
ence ss in Europea n patient s wit h AIDS , 1 9 7 9 - 8 9 . BMj 1994, 
308 :1068-1073 . . 

7.. Blum S, Singh TP, Gibbons J, et at.: Trend s in surviva l amon g 
person ss wit h acquire d immunodeficienc y syndrom e in New 
Yor kk City . Am I Epidemiol 1994, 1 3 9 : 3 5 1 - 3 6 1 . 

8.. Seage GR, Oddle i fson S, Carr E, et al.: Surviva l wi t h AIDS in 
Massachuse t t s ,, 1 9 7 9 t o 1 9 8 9 . Am I Public Health 1 9 9 3 , 
83 :72 -78 . . 

9.. Luo K, Law M, Kaldor JM, McDona ld A M , Cooper DA : The rol e 
o ff  initia l AIDS-definin g illnes s in surviva l followin g AIDS. AIDS 
1995,, 9 :57 -63 . 

10.. Chang H G H , Morse DL, Noonan C, et al.: Surviva l an d mortal -
it yy  of an acquire d immunodeficienc y syndrom e (AIDS) cohor t 
inn New Yor k state . Am j Epidemiol 1 993, 138 :341 -349 . 

11.. Bacchetti P, Osmond D, Chaisson TE, et al.: Surviva l pattern s o f 
th ee firs t 500 patient s wit h AID S in San Francisco . / Infect Dis 
1988,, 157 :1044 -1047 . 

12.. Saah AJ, Hoover DR, He Y, et al.: Factor s influencin g surviva l 
afte rr  AIDS : repor t f ro m th e mult icente r AIDS cohor t stud y 
(MACS) ,, \ Acquir Immune Defic Syrtdr 1994, 7 :287-295 . 

13.. Mocroft AJ, Lundgren JD, d 'Armin io Monfor te A, et al.: Surviva l 
o ff  AIDS patient s accordin g to typ e of AID S definin g event . Int 
)) Epidemiol 1997, 2 6 : 4 0 0 - 4 0 6 . 

14.. Bindels PJE, Krol A, Roos M , et al : Th e predictiv e valu e of T 
cel ll  functio n in vitro an d pre-AID S zidovudin e use fo r surviva l 
afte rr  A ID S diagnosi s i n a cohor t o f homosexua l me n in 
Amsterdam .. I Infect Dis 1995, 172 :97 -104 . 

15.. Phill ips A N , Lee CA, Elford J, et al.: Seria l CD4 lymphocyt e 
count ss an d developmen t of AIDS , lancet 1 9 9 1 , 337 :389 -392 . 

16.. Yong FHL, Taylor JMG, Bryant JL, Chmiel )S, Gange SJ, Hoover 
D:: Dependenc e of th e hazar d of AID S on markers . AIDS 1997, 
11 :217-228 . . 

17.. Veugelers P|, Page KA, Tindall B, et a/.: Determinant s of HIV 
diseas ee progressio n amon g homosexua l me n registere d in th e 
Tr icont inenta ll  Seroconverte r Study . Am I Epidemiol 1994 , 
140 :747 -758 . . 

18.. Schechter MT , Soyko WJ, Jeffries E, et al.: Th e Vancouve r 
Lymphadenopatf ty-AID SS Study . Persisten t generalize d lym -
phadenopathy .. Can Med Assoc I 1985, 132 :1273 -1279 . 

19.. Tindall B, Swanson CE, Cooper DA: Developmen t o f AIDS in a 
cohor tt  o f HIV-seropositiv e homosexua l me n in Australia . Med 
lAustlAust 1990, 153 :260 -265 . 

20.. van Griensven GJP, Tielman RAP, Goudsmit J, et al.: Ris k factor s 
andd prevalenc e of HIV antibodie s in homosexua l me n in th e 
Netherlands .. Am j Epidemiol 1987, 125 :1048-1057 . 

2 1 .. Moss AR, Bachetti P, Osmond D: Seropositivit y fo r HIV and th e 
developmen tt  o f AID S or AID S relate d condit ion : thre e year 
follo ww up of th e San Francisc o Genera l Hospita l cohort . BMj 
1 9 8 8 , 2 9 6 : 7 4 5 - 7 5 0 . . 

22.. Winkelstein W, Lyman D M , Padian N, et al.: Sexua l practice s 
andd ris k of infectio n by th e huma n immunodeficienc y virus . 
IAMAIAMA 1987, 257 :321 -325 . 

23.. van Ben them BHB, Veugelers P|, Sche th te r MT, Kaldor JM, 
Page-Shaferr KA, van Griensven G|P: Model l in g th e AIDS incu -
batio nn t ime : evaluat io n of thre e righ t censorin g strategie s 
[letter] .. AIDS 1997, 11 :834 -835 . 

24.. Centers for Disease Contro l : Revisio n o f th e case definitio n of 
acqu i re dd i m m u n e def ic ienc y synd rome . MMWR 1987 , 36 
(5uppll 1S):1S-15S. 

25.. Centers for Disease Control : 1993 Revise d classificatio n syste m 
fo rr  HIV infectio n and expande d surveillanc e cas e definitio n 
fo rr  AID S amon g adolescent s an d adults . M M W R 1992, 41 
(RR-11 7):1 19. 

40 0 



Impactt of incubation time to AIDS on survival 

26.. Munoz A, Xu J: Model s fo r th e incubatio n perio d o f AIDS an d 
va r ia t ion ss acco rd in g t o age a n d p e r i o d . Stat Med 1 9 9 6 , 
15 :2459 -2473 . . 

27.. Veugelers PJ, Schechter MT , Tindai l B, e! al.: Dif ference s i n 
t i m ee f r o m H I V s e r o c o n v e r s i o n t o C D 4 + l y m p h o c y t e 
end-point ss  an d AID S in cohort s o f homosexua l m e n . AIDS 
1993,, 7 :1325-1329. 

28.. Ghirardin i A, Puopolo M, Rossetli C, et at.: Surviva l afte r AIDS 
amon gg Italia n haemophiliac s wit h HIV infection . AIDS 1995, 

9 :1351 -1356 . . 
29.. Shi M , Taylor )M, Currier R), e( a!.: Replacin g t im e sinc e huma n 

immunodeficienc yy viru s infectio n by marke r value s in predict -
in gg residua l t im e to acquire d immunodef ic ienc y syndrom e 
diagnosis .. Mul t icente r AID S Cohor t Study . J Acquir Immune 
DeficDefic Syndr Hum Relrovirol 1996, 1 2 : 3 0 9 - 3 1 6 . 

30.. Lundgren JD, Phillips AN , Pedersen C, el al.: Compariso n of 
long-ter mm prognosi s of patient s wi t h AID S treate d an d no t 
treate dd wit h zidovudine . JAMA 1994, 271 :1088 -1092 . 

41 1 




