1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
J Clin Epidemiol. Author manuscript; available in PMC 2019 June 01.

-, HHS Public Access
«

Published in final edited form as:
J Clin Epidemiol. 2018 June ; 98: 16-23. d0i:10.1016/j.jclinepi.2018.02.007.

A joint frailty model provides for risk stratification of HIV-
infected patients based on unobserved heterogeneity

Tae Hyun Jung?, Tassos Kyriakides®P, Mark Holodniy®d, Denise Esserman?, and Peter
PeduzziaP

aYale Center for Analytical Sciences, Department of Biostatistics, Yale School of Public Health,
300 George Street, New Haven, CT 06520

bVA Cooperative Studies Program Coordinating Center, VA Connecticut Healthcare System, 950
Campbell Avenue, West Haven, CT 06516

¢VA Palo Alto Health Care System, 3801 Miranda Ave, Palo Alto, CA 94304

dDivision of Infectious Diseases and Geographic Medicine, Stanford University School of
Medicine, 300 Pasteur Drive, Stanford, CA 94305

Abstract

Objectives—To investigate the association between recurrent AIDS-defining events and a semi-
competing risk of death in patients with advanced, multi-drug resistant HIV infection and to
identify individuals at increased risk for these events using a joint frailty model.

Study Design and Setting—368 patients with antiretroviral treatment failure in the OPTIMA
Trial randomized to two antiretroviral treatment strategies using a 2x2 factorial design, intensive
vs. standard and interruption vs. continuation, and followed for development of AIDS-defining
events and death.

Results—Participants were heterogeneous for risk of AIDS-defining events and death (p<0.001)
and AIDS-defining events were strongly associated with death (p<0.001), irrespective of
treatment. The frailty model was used to classify individuals into high- and low-risk groups based
on unobserved heterogeneity. Low-risk individuals were unlikely to die (0%) or have an AIDS-
defining event (<4%), while high-risk individuals had event rates approaching 70%. About one-
third of high-risk individuals had accelerated mortality, all who died before experiencing an AIDS-
defining event. High-risk was associated with being immunocompromised and higher predicted 5-
year mortality.

Conclusion—The joint frailty model permits classification of individuals into risk groups based
on unobserved heterogeneity that may be identifiable based on observed covariates, providing
advantages over the traditional Cox model.
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1. Introduction

Over 37 million people are currently infected with the human immunodeficiency virus
(HIV) world-wide and over two million were newly HIV infected in 2015 [1]. As a result of
HIV infection, many people have developed the acquired immunodeficiency syndrome
(AIDS), which is manifested by the development of one or more opportunistic infections or
malignancies (AIDS-defining events) as a result of HIV-associated immune system
destruction [2]. Although antiretroviral therapy has resulted in a significant decline in AIDS-
defining events world-wide, there were over one million AIDS-related deaths in 2015 [1].
Thus, AIDS-defining events are still currently seen in clinical practice, either because of late
stage diagnosis, failure of or lack of antiretroviral treatment, or progression of HIV
infection.

Recurrent events, such as AIDS-defining events, are common in clinical research as patients
may experience more than one event during follow-up [3-6]. These recurrent events can
adversely affect a patient’s health and potentially result in death, a semi-competing risk that
precludes the event of interest from being observed [7,8]. Thus, recurrent events and death
can be dependent and standard survival analysis approaches, such as Cox regression models,
are not sufficient because they ignore all subsequent events and only account for the time-to-
first-event. These models also assume that a semi-competing risk of death is independent of
the event of interest, thus, is censored in the same manner as loss to follow-up. Therefore, in
these circumstances the standard models could potentially result in biased parameter
estimates, leading to erroneous inferences [4,9—-11]. Hence, frailty models are frequently
used to analyze recurrent event processes [5,12,13] and are extensions to the standard Cox
model.

Frailty models assume that some patients are either more or less likely to experience the
events of interest compared to others, i.e., more frail. Frailty captures the “vulnerability” of
an individual patient for events and accounts for the unobserved heterogeneity that cannot be
explained by observed covariates alone. It can also be viewed as a latent variable that
reflects the “health status” of a patient, i.e., some patients may be more vulnerable for an
event than others based on unobserved health factors such as genetics, chronic diseases, or
lifestyle. These more vulnerable or “frail” patients will a have higher risk of events resulting
in heterogeneity among patients leading to a correlation between the subsequent events
within a particular subject.

In this article, we present a secondary analysis of the Options in Management of
Antiretrovirals (OPTIMA) trial focusing on recurrent AIDS-defining events in the presence
of a semi-competing risk of death. OPTIMA, at the time it was conducted, was the largest
and longest randomized clinical trial of alternative treatment strategies for patients with
advanced, multi-drug resistant HIV infection [14] manifested by the development of one or
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more opportunistic infections or malignancies and was not CD4 count-based. The primary
objective of this clinical trial was to evaluate two treatment strategies in a 2x2 factorial
design: 1) intensive vs. standard antiretroviral treatment and 2) interruption vs. continuation
of treatment in patients who experienced antiretroviral treatment failure requiring
retreatment. The primary analysis assessed the effect of treatment on time-to-first AIDS-
defining event, death, and the composite outcome of time to AIDS-defining event or death
via the Cox model assuming independent censoring because of death. Although participants
in this study experienced more than one AIDS-defining event in the presence of a semi-
competing risk of death, this information was not previously analyzed. Therefore, we
investigated the impact of antiretroviral treatment on recurrent AIDS-defining events and
death using a joint frailty model that simultaneously models the recurrent event and death
processes.

2. Methods
2.1. OPTIMA Design

OPTIMA was designed as a 2x2 factorial clinical trial to compare standard antiretroviral
treatment (< 4 antiretroviral drugs) with intensive ART (5+ antiretroviral drugs) and a 12-
week antiretroviral drug-free period interruption vs. no interruption (continuation of
treatment). Between 2001 and 2006, 368 individuals with advanced multi-drug resistant HIV
infection were enrolled from over 70 clinical sites in three participating countries (United
States, Canada, and United Kingdom) and were followed in clinic for a median of 4 years
until study closure in 2007. 288 participants were enrolled in the United States, 41 in Canada
and 39 in the United Kingdom. Eligible patients had CD4 counts below 300/x/and failed
two different multi-drug antiretroviral regimens. Details of the study protocol, procedures
and entry characteristics of the study population are reported elsewhere [14-16]. OPTIMA
was registered on Clinicaltrials.gov: NCT00050089.

2.2. Outcomes

The outcomes evaluated were death from any cause and AIDS-defining events. An AIDS-
defining event has previously been defined by the Centers for Disease Control and
Prevention [17]. In this analysis, all types of AIDS-defining events were assumed to be of
equal clinical importance, thus, no weighting of AIDS-defining events by severity was done.

2.3. Analysis

Because there was no interaction between treatment and outcome in the primary study
results, only the marginal effects of each antiretroviral treatment strategy were analyzed in
the 2x2 factorial design, that is, standard vs. intensive and interruption vs. continuation. We
did not adjust for baseline covariates in either the Cox or joint frailty models because the
randomization produced reasonable balance on baseline characteristics between treatment
arms [12]. OPTIMA was powered to detect treatment effects for time to first AIDS-defining
event or death [15], but not for the secondary analyses presented herein.

2.3.1. Standard Cox Regression Model—The Cox proportional hazards model was
used to analyze time-to-first AIDS-defining event and death, separately. The findings in the
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original study publication were replicated in this report [14]. For the analysis of AIDS-
defining events, patients without an event who were lost to follow-up were censored at their
date last seen, i.e., date of death, date lost to follow or date of study completion
(administrative censoring). Deaths were considered as independent censoring. For the
analysis of death, survivors were censored at their date last seen, i.e., date lost to follow-up
or date of study completion. Cox analyses were performed using the PHREG procedure in
SAS version 9.4 (SAS Institute Inc.).

2.3.2. Joint Frailty Model—The joint frailty model simultaneously models the recurrent
event and death processes linked by a shared common random effect [5,12,13]. Briefly, the
hazard (intensity) functions at time t for the recurrent events and death processes can be
expressed as

rij(t | v) =ry®exp BZ;+v) (1)

At v) = A1) exp (@Z; + gv)) (2)

where i indexes patient and j the recurrent event, Z; is a vector of patient level covariates
(assumed to be same for both processes in this report), p and a are the respective vectors of
regression coefficients for the recurrent events and death processes, v;is the common shared
random effect, and g estimates the degree of dependence (association) between the recurrent
events and death processes; /p(2) and Ag(9) represent the underlying hazards for recurrent
events (1) and death (2), respectively. We assume the random effect v; follows a normal
distribution with mean 0 and variance j. In this case, frailty is defined as exp(v;) and has a
lognormal distribution [10].

The unobservable random effect v;acts multiplicatively on the hazard functions [i.e.,
through exp(v;)], so a large value of the random effect will increase the risk of recurrent
event and death. The variance of the random effect (j) captures the degree of unobserved
heterogeneity among patients [18]. The larger the variance, the more heterogeneity there is
among patients with respect to their risk of events, while a null variance indicates patients
are homogeneous for their risk of recurrent events.

The g coefficient in equation (2) links the recurrent events and death processes, the larger the
value the greater the degree of dependence. When g = 0 the two different survival processes
are independent, which is the assumption of the traditional Cox survival model. Wheng =1
frailty has the same effect on the recurrent events and death processes, and when g is
negative the two processes are negatively correlated. Note, g only has interpretation in the
presence of significant heterogeneity or when j is different from zero. Joint frailty models
were fitted using the NLMIXED procedure in SAS version 9.4 (SAS Institute Inc.). For all
analyses, statistical significance is established at 0.05.
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3. Results

3.1. Characteristics of the OPTIMA Cohort

In OPTIMA, 368 patients were randomized to treatment strategy 1 (standard = 192 vs.
intensive = 176) and 339 to treatment strategy 2 ( interruption = 164 vs. continuation = 175);
29 patients in the United Kingdom opted out of strategy 2 and were only randomized to
strategy 1. The entry characteristics of patients in the two treatment strategies were
comparable (Table 1). Nearly all enrolled patients were male (98%), approximately 50%
were white, 40% black, and the majority had AIDS or prior AIDS at entry. The Veterans
Aging Cohort Study Index (range 0 to 164), a validated predictor of 5-year mortality in those
under treatment for HIV infection, was also comparable between treatment groups [19,20].
The Veterans Aging Cohort Study Index includes age, routinely monitored indicators of HIV
disease (CD4 count and HIV-1 RNA), and general indicators of organ system injury
including hemoglobin, platelets, aspartate and alanine transaminase, creatinine, and viral
hepatitis C infection. Higher Veterans Aging Cohort Study Index scores are associated with
increased risk of mortality.

The distribution of AIDS-defining events and deaths by treatment arm within each treatment
strategy is displayed in Table 2. During a median follow-up of 4 years, approximately 35%
of patients died on each treatment strategy and 35% experienced at least one AIDS-defining
event — about 20% had only one AIDS-defining event and 15% had two or more (recurrent)
AIDS-defining events. The number of AIDS-defining events was comparable for standard
and intensive antiretroviral treatment (107 vs. 106); however, it was somewhat higher for
antiretroviral continuation vs. interruption (119 vs. 86). The mean time to first AIDS-
defining event and mean time between recurrent AIDS-defining events (gap time) were
longer for standard antiretroviral treatment and continuation of antiretroviral treatment.

Table 3 displays the association between the number of AIDS-defining events and death for
each treatment arm within each treatment strategy. For both treatment strategies, the percent
dead increased according to the number of AIDS-defining events per patient, irrespective of
treatment. Patients with recurrent AIDS-defining events had nearly three times the risk of
dying as those without an event, and those with one AIDS-defining event had approximately
double the risk of dying as those without an event. Thus, there is evidence of an association
(dependence) between the AIDS-defining event and death processes.

3.2. Standard Cox Model Results

The Cox proportional hazards model showed no significant effect of either treatment
strategy on time to first AIDS-defining event and death (Table 4). However, there was a
suggestion that patients receiving antiretroviral treatment interruption had a lower risk of
first AIDS-defining event (hazard ratio (HR) = 0.70, p = 0.09) but a higher risk of death (HR
= 1.42, p=0.06) compared to those on continuation of antiretroviral treatment.

3.3. Joint Frailty Model Results

Table 4 also presents the results of fitting a joint frailty model for each treatment strategy on
the recurrent AIDS-defining events and death processes. Similar to the Cox model, the joint
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frailty models show no significant effect of either treatment strategy on AIDS-defining
events or death, but with hazard ratios near unity. The joint model indicates significant
heterogeneity among patients with respect to recurrent AIDS-defining events (p<0.001 for j)
and a significant association between AIDS-defining events and death (p<0.001 for g). The
latter is also evident in Table 3, i.e., increasing death rate with increasing number of AIDS-
defining events. The heterogeneity and association parameter estimates, j and g, were similar
for both treatment strategies. The association parameter estimate was not far from unity
(1.18) indicating that frailty has about the same effect on death as AIDS-defining events.
The distribution of the patient-level random effect estimates, v;, were similar for each
treatment arm within each treatment strategy indicating similar levels of frailty (data not
shown). We also examined a gamma frailty and the results were similar (data not shown).

3.3.1. Frailty Risk Subgroups—Because frailty acts multiplicatively on the hazard and
to gain further insights into the effect of frailty, we arbitrarily classified individuals into
high- and low-risk subgroups based on the exponentiated value of the common shared
random effect v;; low-risk, values < 1 (decreased risk for events) and high-risk, values = 1
(increased risk for events). Using this method of classification divided the cohort into
approximately equal numbers of high- and low-risk individuals. Table 5 presents the
association between AIDS-defining events and death by risk group within each treatment
strategy. Low-risk individuals had very few numbers of AIDS-defining events and no deaths,
while high-risk individuals had a high percentage of both AIDS-defining events and deaths
(approximately 70%). Thus, being high-risk has about the same impact on death as AIDS-
defining events and this is reflected in the association parameter (g) with value just above
one (1.18).

Table 5 also identifies a small group of high-risk individuals who all died before
experiencing an AIDS-defining event regardless of treatment strategy. The majority (60%)
of whom died from non-HIV related causes. In contrast, the majority of high-risk individuals
who died after experiencing an AIDS-defining event died from HIV-related causes (65%).
Figure 1 plots Kaplan-Meier survival rates in high-risk individuals with (N = 126) and
without AIDS-defining events (N = 57) for strategy 1 (results were similar for strategy 2 and
are not shown). Survival was significantly lower in the latter group (logrank p-value <0.001),
reflecting a small group of individuals with rapid mortality.

Although frailty captures unobserved heterogeneity that cannot be explained by observed
covariates alone, we examined the baseline characteristics of high- and low-risk individuals
in an attempt to characterize them phenotypically. Given that the treatments did not really
work, it allowed us to rely on the principles of randomization to look at these differences.
Results for strategy 1 are presented and were similar for strategy 2. Those classified as high-
risk tended to be more immunocompromised manifested by lower CD4 counts and higher
viral load compared with individuals classified as low-risk. Mean CD4 counts were about
40% lower and under 100/¢/in high-risk individuals and viral load was approximately 10%
higher compared with low-risk individuals (data not shown). High-risk individuals also had
a 36% higher Veterans Aging Cohort Study Index vs. those who were low-risk (39.9 + 15.4
vs. 29.3 + 13.6, p < 0.0001), indicative of increased risk for mortality at study entry. Among
high-risk individuals, the Veterans Aging Cohort Study Index was about 4 points higher in
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those without an AIDS-defining event compared to those with an event (42.4 + 16.4 vs. 38.8
+ 14.9, p = 0.14), which could partly explain their higher mortality. Otherwise, there were no
distinguishing observable features between these two risk subgroups.

4. Discussion

The primary analysis of the OPTIMA trial evaluated time to first AIDS-defining event or
death via separate Cox models assuming independent censoring. The findings replicated
herein showed no significant benefit of either treatment strategy on these two separate
clinical outcomes [14]. Because participants could have multiple AIDS-defining events and
death could be informative, we reanalyzed the OPTIMA data via a joint frailty model
treating death as a competing risk. This model is advantageous because it uses more
information than traditional survival models, providing the opportunity to glean further
insights into the data.

We found that the joint frailty model was generally consistent with the Cox model results
regarding the significance of the effect of each treatment strategy on AIDS-defining events
and death, although the hazard ratios were noticeably shrunk towards the null, particularly
for strategy 2. A reason for this finding is that AIDS-defining events and death are strongly
related and need to be modeled jointly to account for this dependence to avoid biased
parameter estimates. Hence, the joint frailty model captures the dependency between the
recurrent events and death processes that is not captured by the Cox model. In addition, the
joint frailty model showed that patients were heterogeneous (variable) with respect to their
risk of AIDS-defining events and death, with similar levels of risk across treatment arms and
strategies.

The joint frailty model also afforded the opportunity to retrospectively classify patients into
risk subgroups based on the shared random effect, a concept similar to latent class trajectory
models [21, 22]. Using this concept, we found that patients who were classified as low-risk
were unlikely to die or to have an AIDS-defining event, while high-risk individuals had a
high rate of AIDS-defining events and death with similar risk for both events. The model
also revealed a small group of high-risk individuals who had a rapid and 100% fatality rate
without experiencing any prior AIDS-defining event. These insights into the data provide an
advantage of the joint frailty model over the Cox model for the analysis of recurrent events
in the presence of dependent censoring. It is important to note that the risk subgroups were
determined post hoc based on the results of a model-dependent analysis. Thus, it would not
be appropriate to reanalyze the data stratified by risk group.

Although frailty models are designed to account for unobserved heterogeneity that cannot be
explained by observed covariates alone, the model can be used in an exploratory way to
retrospectively characterize individuals who are at increased risk for outcomes based on the
observed data, i.e., a phenotypic classification. Using this strategy, individuals in OPTIMA
who were classified as high-risk tended to be more immunocompromised with lower CD4
counts and higher viral load at baseline than those who were classified as low-risk. They
also had a higher Veterans Aging Cohort Study Index, indicative of their higher mortality at
the time of study entry. The higher Veterans Aging Cohort Study Index has implications for

J Clin Epidemiol. Author manuscript; available in PMC 2019 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Jung et al.

Page 8

the design of future treatment studies in patients with advanced, multi-drug resistant HIV
infection with mortality and AIDS-defining events as outcomes. The index could be used to
identify patients at higher risk for these events, lowering overall sample size requirements
making the trials more efficient.

A limitation of this study is that different types of AIDS-defining events (e.g. esophageal
candidiasis, Pneumocystis firovecii pneumonia, cytomegalovirus disease, HIV wasting
syndrome, etc.) were lumped together and considered to be of similar risk and severity to the
patient. Although this assumption simplifies the analyses, it does not take into account the
potentially different degrees of clinical impact by each type of event, e.g., some AIDS-
defining events can negatively affect a patient’s health more than others. Some approaches
have been developed to address this issue within the joint frailty model. For example, Oakes
[23] and Xue and Brookmeyer [24] have developed a bivariate frailty model to analyze two
types of recurrent events, such as hospitalization and community stays (duration of time
outside of hospital), that might be correlated; however, the semi-competing risk of death was
not accounted for in the model. Chen and Cook [25] later developed a model that accounts
for multiple types of skeletal complications and a dependent terminal event, but the
correlation between different types of recurrent events was not considered. Thus, to our
knowledge there are no survival models that can account for both different types of recurrent
events (clustered within individuals) and a semi-competing risk of death.

Another limitation is that only patient-level analyses were conducted, i.e., recurrent events
nested within a patient and termed Level-1 analyses in the literature. In OPTIMA, the
randomization was stratified by country and by clinical site within country. Thus, patients
could differ within and across countries with respect to case mix, delivery of care, etc.,
introducing another level of heterogeneity. This additional level of heterogeneity (Level-2)
was not taken into account via stratification or covariate adjustment because of the large
number of clinical sites (> 70) relative to the few number of individuals enrolled in the trial
(N=368). Thus, all clinical sites were considered comparable in the analysis, implying that
unobserved factors such as delivery of care, hospital environment, etc. were similar within
and between countries. However, there are no analytic methods that could evaluate these
components (e.g., recurrent events, semi-competing risk, and multilevel clustering)
simultaneously in a joint model.

It is also important to note that OPTIMA represents a unique HIV population of individuals
with multi-drug resistant virus and limited retreatment options following multiple
antiretroviral treatment regimen failures and with a high risk of mortality; thus, the findings
may not be applicable to other HIV populations and might require replication.

In summary, the joint frailty model allows for the dependence between recurrent events and
a terminal event, and the estimate of the random effect can be used to classify individuals
with different levels of risk for the events. Although frailty models are traditionally used to
account for unobserved heterogeneity that cannot be explained by observed covariates alone,
the frailty parameter can be used to retrospectively classify individuals into risk groups
based on observed characteristics in an exploratory type of analysis, conceptually similar to
the approach of latent class trajectory models. This characterization can aid in the design of
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more efficient clinical trials by identifying a more vulnerable population at high-risk for

ad
ad

verse outcomes, thereby reducing sample size requirements. These features provide an
vantage over the traditional Cox analysis.
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What is new?

The joint frailty model accounts for unobserved heterogeneity allowing the
classification of individuals into groups with different levels of risk that may
be identifiable based on observed patient characteristics, conceptually similar
to latent class trajectory models. The identification of such patients could aid
in the design of future clinical trials by identifying a more vulnerable
population at high-risk for adverse outcomes, thereby reducing sample size
requirements.

Application of the joint frailty model to the OPTIMA study showed that death
and AIDS-defining events were dependent. The model identified a group of
high-risk individuals who were at increased risk for both events, including a
small subset with accelerated mortality who all died without experiencing an
AIDS-defining event. High-risk was also associated with being
immunocompromised and having a higher Veterans Aging Cohort Study
Index, a validated predictor of mortality for those undergoing treatment for
HIV infection. These insights into the data could not be gleaned from a
traditional Cox analysis.
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Figure 1.

Cumulative survival rates for high-risk individuals with (blue) and without (black) AIDS-
defining events for strategy 1 (logrank p-value <0.001)
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Entry characteristics of OPTIMA cohort by treatment strategy ™

Table 1

Strategy 1 (N=368)

Characteristic
Standard N (%)

Intensive N (%)

Strategy 2 (N=339)

Interruption N (%)

Continuation N (%)

No. randomized 192
Age (years) - mean (SD) 48 (9)
Male 189 (98)
White 90 (47)
Black 80 (42)
AIDS or prior AIDS at entry 107 (56)
Hepatitis B virus infection 26 (14)
Hepatitis C virus infection 46 (24)
HIV RNA copies/ml -mean logy, (SD) 4.7 (0.6)
CD#4 cells/ul — mean (SD) 129 (107)
Veterans Aging Cohort Study Index 34.2 (15.6)

176
48 (8)
172 (98)
90 (51)
64 (36)
109 (62)
13(7)
34 (19)
47(0.8)
125 (106)
35.0 (15.4)

164
49 (8)
160 (98)
73 (45)
67 (41)
95 (58)
23 (14)
39 (24)
47(0.7)
129 (106)
34.6 (15.6)

175
49 (8)
172 (98)
87 (50)
71 (41)
105 (60)
14 (8)
38 (22)
48(0.7)
131 (109)
35.2 (15.3)

*
29 United Kingdom patients opted to be randomized to the standard or intensive antiretroviral treatment strategy only

SD = standard deviation
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Number of AIDS defining events and deaths by treatment strategy *

Table 2

Outcome Strategy 1 (N=368)

Standard N (%)

Intensive N (%)

Strategy 2 (N=339)

Interruption N (%0)

Continuation N (%)

No. randomized 192

No. AIDS-defining events/patient

0 128 (67)
1 38 (20)
2+ 26 (14)
No. patients with an event 64 (33)
No. events 107
No. events/patient 0.55
Mean (SD) time in days between events 560 (323)
Mean (SD) time in days to first event 647 (551)
No. dead 67 (35)
Mean (SD) time in days to death 877 (543)

176

113 (64)
37 (21)
26 (15)
63 (36)
106
0.60
499 (313)
551 (449)
61 (35)
811 (500)

164

110 (67)
32 (20)
22 (13)
54 (33)
86
0.52
464 (313)
527 (496)
61 (37)
751 (487)

175

107 (61)
41 (23)
27 (15)
68 (39)
119
0.68
591 (313)
673 (508)
62 (35)
967 (538)

*
29 United Kingdom patients opted to be randomized to the standard or intensive antiretroviral treatment strategy only
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Table 3

Association between number of AIDS-defining events and death by treatment strategy *

Number of AIDS-defining Strategy 1 (N=368) Strategy 2 (N=339)

events/patient . . . .
Standard dead/N (%) Intensive dead/N (%) Interruption dead/N (%) Continuation dead/N (%0)

0 29/128 (23) 28/113 (25) 26/110 (24) 28/107 (26)
1 19/38 (50) 16/37 (43) 19/32 (59) 16/41 (39)
2+ 19/26 (73) 17/26 (65) 16/22 (73) 18127 (67)
Total 67/192 (35) 61/176 (35) 61/164 (37) 62/175 (35)

*
29 United Kingdom patients opted to be randomized to the standard or intensive antiretroviral treatment strategy only

J Clin Epidemiol. Author manuscript; available in PMC 2019 June 01.



1duosnuey Joyiny

1duosnuen Joyiny

Jung et al. Page 16

Table 4

Cox and joint frailty model results for recurrent AIDS-defining events and death by treatment strategy

Outcome Cox Model Joint Frailty Model
Strategy 1
Intensive vs. Standard (N=368) HR (95% CI) p-value HR (95% CI) p-value
AIDS-defining event 1.30(0.87,1.94) 021  1.10(0.67,1.82)  0.70
Death 1.13(0.79,1.60) 050  1.00(0.54,1.89)  0.98
Frailty Estimate (SE)
Heterogeneity (j) NA 1.64 (0.15) <0.001
Association with death (g) NA 1.18 (0.18) <0.001
Strategy 2
Interruption vs. Continuation (N=339) - HR (95% Cl)
AIDS-defining event 0.70 (0.46,1.07)  0.09  0.99 (0.60,1.66) 0.9
Death 142 (0.99,2.05) 0.06  1.11(059,2.11) 073
Frailty Estimate (SE)
Heterogeneity (j) NA 1.67 (0.155) <0.001
Association with death (g) NA 1.18 (0.185) <0.001

*

Time to first AIDS-defining event was analyzed by the Cox Model and time to recurrent AIDS-defining event was analyzed by the joint frailty
model.

*Kk

29 United Kingdom patients opted to be randomized to the standard or intensive antiretroviral treatment strategy only

HR = hazard ratio, Cl = confidence interval, SE = standard error, NA= not applicable

1duosnuey Joyiny

1duosnuen Joyiny

J Clin Epidemiol. Author manuscript; available in PMC 2019 June 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Jung et al.

Table 5

Association between AIDS-defining events and death by risk group and treatment strategy ™

Number of AIDS-defining events/patient  Low-risk dead/N (%) High-risk dead/N (%)

Total dead/N (%)

Strategy 1
0 0/184 (0) 57/57 (100)
1 0/1 (0) 35/74 (47)
2+ 36/52 (69)
Total 0/185 (0) 128/183 (70)
Strategy 2 o
0 0/163 (0) 54/54 (100)
1 0/7 (0) 35/66 (53)
24 34/49 (69)
Total 0/170 (0) 123/169 (73)

57/241 (24)
35/75 (47)

36/52 (69)

128/368 (35)

54/217 (25)
35/73 (48)
34/49 (69)

123/339 (36)

*
Strategy 1 = intensive vs. standard antiretroviral treatment; Strategy 2 = antiretroviral treatment interruption vs. continuation

Aok

29 United Kingdom patients opted to be randomized to the standard or intensive antiretroviral strategy only
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