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Background: Quantification of recurrence risk following successful treatment is crucial to
evaluating regimens for multidrug- or rifampicin-resistant (MDR/RR) tuberculosis (TB).
However, such analyses are complicated when some patients die or become lost during post-
treatment-follow-up.

Methods: We analyzed data on 1,991 patients who successfully completed a longer MDR/RR-
TB regimen containing bedaquiline and/or delamanid between 2015 and 2018 in"16 countries.
Using five approaches for handling post-treatment deaths, we estimated the six-month post-
treatment TB recurrence risk overall, and by HIV status. We used inverse-probability-weighting
to account for patients with missing follow-up and investigated the‘impact of potential bias from
excluding these patients without applying inverse-probability weights.

Results: The estimated TB recurrence risk was 7.4 per 1000 (95% confidence interval (ClI):
3.5,12.9) when deaths were handled as non-recurrences, and 7.6 per 1000 (95% CI: 3.6,13.1)
when deaths were censored and inverse-probability. weights were applied to account for the
excluded deaths. The estimated risk of composite recurrence outcomes were 25.5 (95% CI:
15.4,38.1), 11.7 (95% CI: 6.5,18.3), and 8.6 (95% CI: 4.2,14.6) per 1000 for recurrence or 1) any
death, 2) death with unknown or TB-related cause, 3) TB-related death, respectively.
Corresponding relative risks for HIV. status varied in direction and magnitude. Exclusion of
patients with missing follow-up. without inverse-probability-weighting had a small impact on
estimates.

Conclusion: The estimated six-month TB recurrence risk was low, and the association with HIV
status was inconclusive due to few recurrence events. Estimation of post-treatment recurrence
will be enhanced by explicit assumptions about deaths and appropriate adjustment for missing
follow-up data.

Key waords: competing events, inverse-probability weighting, missing follow-up, MDR-TB,
post-treatment recurrence

BACKGROUND:

Quantifying post-treatment tuberculosis (TB) recurrence is critical to evaluating the effectiveness
of all multidrug- and rifampicin-resistant (MDR/RR) TB regimens during routine care.
Estimating risk of recurrence is complicated, however, when some patients die or are missing
data during the post-treatment follow-up (FU) period.
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Post-treatment deaths unrelated to TB preclude recurrence and constitute competing [1-3] or
intercurrent [4, 5] events. Conversely, if deaths occur due to undetected TB, the risk of
recurrence can be underestimated. In analyses of recurrence, assumptions are made regarding
post-treatment deaths; different assumptions alter the target of estimation (i.e., estimand), the
appropriate analytic method, and the resulting interpretation [1]. Prior studies have typically 1)
excluded patients who died [6-9], which will bias the estimated risk of recurrence in‘the likely
scenario that people who do and do not die have different underlying risks of TB.recurrence; 2)
effectively assumed that none of the post-treatment deaths were due to recurrent TB [10-11],
which is not supported by the literature [12-14]; or 3) omitted details on how. deaths were
analyzed [15-19], which prevents a clear interpretation of the resulting estimate:

Among patients without post-treatment FU data, it is unknown whether recurrent TB occurred.
Most prior studies that estimate TB recurrence have excluded/individuals with missing post-
treatment FU [6-8]. Valid estimates under this approach, however, require that individuals who
do and do not have post-treatment FU have a similar underlying risk of recurrent TB. If there are
common causes of recurrence and lack of post-treatment FU, this assumption does not hold, and
simply excluding individuals who lack FU data may lead to-selection bias [20-21].

In this paper we estimated the overall risk of TB.recurrence within six months of successful
MDR/RR-TB treatment with a longer regimen containing bedaquiline (BDQ) and/or delamanid
(DLM) and compared this risk by HIV status. Compared to people without HIV, those with HIV
face a greater risk of unfavorable treatment outcomes, including post-treatment recurrence and
death [13, 22-24]. In our analyses, we examined multiple approaches for handling post-treatment
deaths and investigated the impact.of selection bias from exclusion of patients without FU data.

METHODS
Data source and study population.

We used-data from the endTB Observational Study, a prospective cohort of individuals who
initiated a longer individualized MDR/RR-TB regimen containing BDQ and/or DLM between
2015 and 2018 in one of seventeen countries [25]. For this analysis, we included patients’ first
treatment in endTB, excluded those with confirmed sensitivity to rifampicin and restricted to
patients with end of treatment success, defined as cure or treatment completion (Figure 1). We
additionally excluded all individuals from North Korea, where post-treatment FU was not
conducted.

Six-month post-treatment outcomes.

Post-treatment outcomes, including culture results, were recorded six months post-treatment and
classified into the following categories: no change, post-treatment death, recurrent TB, lost to
follow-up (LTFU), and not evaluated. We grouped individuals with the latter two outcomes, or
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for whom there was no post-treatment outcome form, into a single ‘missing FU’ category.
Clinicians indicated cause of post-treatment death as: 1) “TB immediate cause of death”, 2) “TB
contributing to death”, 3) “Surgery related death”, 4) “Cause other than TB”, 5) “Cause related to
TB treatment”, 6) “Unknown”.

Defining estimands in the presence of post-treatment deaths and missing FU.

We considered five strategies from the competing/intercurrent events literature for-handling post-
treatment deaths (Table 1, Figure 2), each targeting a different research question. First, in what
we term the observed recurrence strategy, we included patients who died but did not count them
as recurrences, thereby assuming that patients who died did not experience recurrent TB. In this
scenario, we estimate 1) recurrence risk in the presence of deaths,2) the association of HIV
infection with TB recurrence (whether by a direct effect of HIV on recurrence or an indirect
effect of HIV through death, which makes recurrence impossible (Figure 2).

Second, in the hypothetical recurrence strategy [1-5], we excluded patients who died. In this
scenario, we estimate 1) recurrence risk in a world where deaths were eliminated (i.e., one in
which TB recurrence was observed in all patients, versus only in those who lived), and 2) the
association representing any direct effect between HIV infection and recurrence (Figure 2).

In strategies 3 through 5, we defined composite outcomes of recurrence or death. In the observed
composite/any strategy, we included recurrent TB and death from any cause in the outcome,
while in the observed composite/probable strategy, we included recurrent TB and death with
unknown or TB-related cause. In the observed composite/explicit strategy, we included recurrent
TB and only death due to a'TB-related cause in the outcome. In the latter two strategies, we
classified deaths not countedin the outcome as non-recurrences, thereby assuming that these
patients did not experience recurrent TB. By including deaths in the outcome, composite
strategies amswer a‘different research question.

In all strategies, we treated missing FU as a missing data problem and excluded these patients. In
the following section we describe the statistical adjustments used to ensure valid estimation of
the target quantities.

Aligning analytic methods with assumptions.

Post-treatment deaths: Excluding patients who died from analyses assumes they have the same
underlying risk of recurrent TB as those who lived. For the hypothetical strategy, we therefore
used inverse-probability (IP) weights to account for potentially different underlying risks of
recurrent TB among excluded vs included patients. HIV status and other factors associated with
both post-treatment death and recurrence were used to construct IP weights: age, CD4 count,
cavitary disease, alcohol use, drug use, smoking, incarceration, diabetes, stoppage of group A
drugs due to adverse events, and BMI. See Supporting Information for details.
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Missing post-treatment follow-up data: We utilized another set of IP weights to overcome the
potential selection bias induced by excluding patients who lack follow-up data [20-21]. We
constructed the weight denominators by estimating the probabilities of having an observed six-
month post-treatment outcome conditional on HIV status and joint predictors of missing FU and
recurrent TB: cavitary disease, BMI, time to culture conversion, use, duration, and" likely
effectiveness of Group A drugs, stoppage of Group A drugs due to an adverse event, country, and
diabetes. See Supporting Information for details.

Estimating post-treatment recurrence.

Under each strategy for handling post-treatment deaths, we estimated overall risk by computing a
weighted average of the corresponding outcome. Weights to account for missing FU were
included in all analyses, whereas weights to account for common causes of death and recurrent
TB were only employed in the hypothetical recurrence analysis;“in which new weights were
constructed by multiplying together the two sets of weights. We estimated the relative risk of the
outcome by HIV status by first fitting an 1P-weighted“logistic regression model with the HIV
status indicator as the only covariate. IP weights were calculated by multiplying the weights used
in the overall risk estimation with an additional set of IP weights constructed to adjust for
potential confounding by factors associated with HIVV.and recurrent TB (age, country, hepatitis
C, alcohol use, drug use, smoking, incarceration; see Supporting Information). Risk ratios were
computed using predicted probabilities from logistic regression output [26]. We constructed 95%
credible intervals for all estimates with a bootstrapping approach [27] using the boot R
package.

Exploring the impact of selection bias

Sensitivity analysis. \We repeated the analysis described in the previous section, this time without
applying IP weights for missing FU, thereby imposing the assumption that people with and
without FU aresimilar on average with regard to factors that influence recurrence. This approach
does not account for the potential selection bias induced by excluding patients who lack FU data.

Simulation Study. Finally, to investigate the impact of potential selection bias in a different data
setting, we-conducted a simulation study (see Supporting Information). Briefly, we generated an
underlying population in which treatment site is strongly associated with having missing FU, TB
recurrence, and death. We then computed and compared estimates of overall TB recurrence risk
with and without weights to account for joint predictors of missing FU and TB recurrence. We
explored the impact on results of varying different characteristics of the baseline simulation
scenario, such as the underlying risk of TB recurrence.
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RESULTS

Of 1,991 patients analyzed, 17 (0.9%) died within six-months post-treatment (2 TB contributing
to death, 11 cause other than TB, 4 unknown cause), 746 (37.5%) lacked post-treatment follow-
up data, and 1228 (61.7%) had an observed six-month post-treatment outcome of recurrence or
no change.

Table 2 shows the characteristics of the 1,991 patients, overall and by six-month post-treatment
outcome. Overall, patients living with HIV represented 11.9% of the cohort, but were over-
represented among those who lacked six-month FU data (21.4%). Relative'to those missing FU
data and those observed at six-months, patients who died were more_likely to be aged 60 or
older. Compared to others, patients who lacked FU data were more likely to have a BMI <18.5
and were less likely to have diabetes.

Six-month risk of TB recurrence. Ten patients (0.5%) experienced recurrent TB within six-
months. Table 3 shows the estimated six-month risk of recurrent TB under the five strategies for
handling post-treatment deaths. Risk of recurrent TB was 7.4 (95% credible interval [CI]:
3.5,12.9) per 1000 individuals under the observed .recurrence strategy, and 7.6 (95% CI:
3.6,13.1) per 1000 under the hypothetical recurrence ‘strategy. Estimated frequencies of a
composite outcome under the observed ccomposite/any, observed composite/probable, and
observed composite/explicit strategies were 25.5 (95% CI: 15.4,38.1), 11.7 (95% CI: 6.5,18.3),
and 8.6 (95% CI: 4.2, 14.6) per 1000, respectively.

Risk of TB recurrence by HIV status. The relative risk of recurrent TB in patients with and
without HIV under the observed recurrence and hypothetical recurrence strategies were 1.2
(95% CI: 0.1,5.7) and 1.2 (95%_Cl: 0.2,4.9), respectively (Table 3). The corresponding risk
ratios for the three compasite outcomes were 0.6 (95% CI: 0.1, 1.7), 0.7 (95% CI: 0.1, 2.8), and
1.0 (95% CI: 0.1; 4.0) for the observed composite/any, observed composite/probable, and
observed composite/explicit strategies, respectively.

Sensitivity-analysis.”When patients missing post-treatment follow-up were excluded from the
analysis without adjustment for potential selection bias, the estimated overall risk of recurrent
TB. was 8.0.per 1000 (95% CI: 4.0,13.6) under the observed recurrence strategy, 8.1 per (95%
Cl: 4.0,13.8) under the hypothetical recurrence strategy and 21.7 (95% CI: 14.2, 30.0), 12.9
(95% CI: 7.2,19.8), and 9.6 (95% CI: 4.8,15.9) per 1000 under the three composite strategies
(Table 3). Unadjusted relative risk estimates differed in magnitude from the adjusted estimates
under the observed composite/any strategy, but were similar in the other two composite
strategies. (Table 3).

Simulation study. The results of the simulation study are shown in Tables S4-S9 of the
Supporting Information. The variation in results across simulation scenarios demonstrates that
there are several factors that increase the impact of selection bias, such as a stronger relationship
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between the joint predictor(s) of missing FU and recurrence and 1) a higher frequency of missing
FU or 2) a higher incidence of recurrence.

DISCUSSION

The overall risk of TB recurrence and TB recurrence or death was small, substantiating the
effectiveness of longer MDR-TB regimens containing BDQ and/or DLM. This was true
irrespective of method used to handle post-treatment deaths. The association between HIV and
TB recurrence was inconclusive due to the small number of recurrences and deaths, which
resulted in wide credible intervals across all strategies.

Estimates of TB recurrence and relative risk comparing patients with and without HIV were
similar whether derived under the assumption that patients who-died post-treatment did not
experience recurrent TB (observed recurrence) or in a hypothetical“scenario where all patient
deaths were eliminated (hypothetical recurrence). There .are other scenarios in which the
difference between these two strategies might be larger; for example, if post-treatment deaths
were more common and patients who died had a much.higher risk of recurrent TB compared to
others, the hypothetical recurrence estimate would..be markedly higher than the observed
recurrence estimate.

As expected, estimates of the six-month.incidence of composite outcomes of TB recurrence or
death were higher than the estimates for recurrence alone. Furthermore, estimates varied
depending on which deaths were included in the composite outcome: the incidence of recurrent
TB or death from any cause was twice that of recurrent TB or TB-related death, and the risk ratio
estimates changed in magnitude depending on whether deaths of unknown cause were included
in the outcome or assumed to be non-recurrences. The proportion of post-treatment deaths that
are TB-related, and therefore, the importance of incorporating cause of death into composite
estimates, will-vary by setting and highlights the importance of TB programs ascertaining such
information.

The estimates from each strategy answer different questions and in practice, researchers and
decision-makers will need to select which one to report [1-5]. Intuitively, the observed
recurrence strategy may be preferred to the hypothetical recurrence strategy, as the latter
considers a scenario that is aspirational but not currently relevant to most settings (i.e., one in
which all post-treatment deaths could be prevented). Moreover, valid estimation under the
hypothetical recurrence strategy requires complete data on common causes of death and
recurrent TB, which may not be routinely collected by TB programs. On the other hand, the
observed recurrence strategy may be inadequate in certain circumstances. For example, if
patients with a certain characteristic were much more likely to die post-treatment compared to
those without that characteristic, the observed recurrence estimate could indicate that patients
with these characteristics are less likely to experience recurrent TB because earlier death largely
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prevented this group from developing recurrent TB; see Rojas-Saunero et. al [2] for another
example. A second scenario in which the observed recurrence strategy may not be ideal is when
deaths due to undetected TB are common. In this case, one of the composite strategies might be
preferable, particularly when complete information on cause of death is available, though this
fundamentally alters the outcome.

The preferred strategy may differ based on the clinical relevance of the questions each answers
[4], which is dependent on whose perspective is considered — e.g., that of the patient, the
clinician, or a national TB program (NTP). In the context of this study, the estimates from the
observed composite/any strategy might be most relevant to a patient, for'whom TB recurrence
and death from any case constitute unfavorable outcomes, or to clinicians'and NTPs who are
interested in minimizing overall TB morbidity and mortality. On the other hand, for the purpose
of evaluating a particular regimen’s effectiveness, the observed composite/probable or observed
composite/explicit strategies may be more relevant. In this latter scenario, yet another strategy
may be preferred if, contrary to our setting, information.on cause of death is complete and
precise: a hypothetical composite/explicit strategy, in which-the outcome is defined as a
composite of recurrent TB and TB-related deaths, and TB=unrelated deaths are excluded. Given
adjustment for common causes of TB-unrelated death and the composite outcome, this strategy
estimates risk of recurrence and TB-related death”in the hypothetical scenario in which TB-
unrelated deaths were eliminated, a scenario which might be plausible, if, for example, TB-
unrelated deaths are mostly accidental.

Patients with low BMI or HIVV were more likely, and patients with diabetes were less likely, to
have missing FU data in this:study. Previous studies have linked each of these subgroups to an
increased risk of recurrent TB[9,11,18], which underscores the importance of accounting for
patients with missing FU data when estimating recurrent TB. In sensitivity analyses, estimates
computed by excluding patients with missing FU data and without accounting for selection bias
through IP-weighting were similar to the IP-weighted estimates of overall recurrence. Though
credible intervals. were largely overlapping, the unadjusted overall risk estimates were typically
slightly higher than" the adjusted estimates, likely because patients from treatment sites with
higher rates of imissing FU and lower outcome rates were upweighted in the adjusted analysis.
Larger imbalances in the characteristics of patients with and without FU combined with a
stronger association of these characteristics with TB recurrence risk would result in larger
differences in the weighted and unweighted estimates. The simulation study of the Supporting
Information provides examples of several such settings.

This study has several limitations. First, although current evidence suggests twelve months of
follow-up to capture most relapses [28-29], we estimated six-month post-treatment outcomes, as
data were not consistently collected thereafter. Second, we did not conduct sequencing to
distinguish between TB relapse and reinfection; however, relapse is likely to be the prevailing
source of recurrent TB in the first six-months post-treatment [30]. Finally, our results on HIV as
a determinant of recurrence may be affected by collider bias [31-32]. This could occur if there is
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a factor such as age that is associated with both HIV status and inclusion in the cohort. If a third
factor, such as TB disease severity, is associated with cohort inclusion and recurrent TB risk, the
relationship observed between HIV status and recurrent TB may be distorted. This is a challenge
with all observational TB studies, as TB is more likely to go undetected among people living
with HIV [33]. This bias could be reduced through IP-weighting if data were available onfactors
related to 1) to HIV status and cohort inclusion and 2) cohort inclusion and TB recurrence.
Unfortunately, this information is often unattainable in practice.

As MDR/RR-TB treatment guidelines evolve in response to emerging evidence [34-36] on the
relative safety and effectiveness of all-oral shortened regimens compared .to conventional longer
treatments, an important question is whether this relative safety differs across important patient
subgroups, such as people living with HIV [28]. Rigorous analyses of post-TB treatment
recurrence are needed to accurately understand whether certain groups require closer monitoring,
given possible increased risk of recurrence [37-39] relative to longer regimens.

While methods for handling intercurrent events and potential selection bias due to missing FU
are well-established [4, 20-21], their use in estimating-TB. recurrence is sparse. Careful handling
of post-treatment deaths and missing post-treatment. FU data together with accompanying
sensitivity analyses will generate more robust and interpretable evidence, with the overall goal of
improving treatment and care.
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FIGURE LEGENDS:

Figure 1: Inclusion/exclusion criteria for the post-treatment analysis.

DOI: 10.1093/cid/ciad589

13



Figure 1: Inclusion/exclusion criteria for the post-treatment analysis

2802 longer individualized
treatment regimens containing
BDQ and/or DLM initiated in
endTB

Restrict 1o first endTB
treatment for each of the 2788
individuals who initiated
treatment

AJ

Restrict 10 2762 patients with
MDR/RR-TB

v

Data related to 13 second endTB
treatment initiations removed

A4

Resirict to 2053 patients cured
(n=1926) or completed
treatment (n=147)

v

Remove sites with 100%
missingness in post-treatment
outcomes

A4

1991 patients included in post-
treatment analysis

DOI: 10.1093/cid/ciad589

hd

26 patients without MDR/RR-TB
removed

715 patients with unsuccesstul
treatment outcomes removed

1 site (Democratic People’s
Republic of Korea) removed with 62
patients

14



Figure 2: Graphical representation of the association between HIV and recurrent TB at six
months post-treatment. In the diagram, post-treatment death temporally precedes TB recurrence;
occurrence of death makes subsequent TB recurrence impossible, and the arrow from death to
TB recurrence represents this deterministic relationship. The observed recurrence strategy
targets recurrence risk and association with HIV status in the observed scenario where post-
treatment deaths are not eliminated, and estimates the association between HIV status and TB
recurrence agnostic of pathway (i.e., estimates both paths a and b-c); the hypothetical recurrence
strategy targets recurrence risk and association with HIV status in the hypothetical scenario
where post-treatment deaths are eliminated, and estimates the association between HIV status
and TB recurrence only through the direct path, a, adjusting for common factors.of death and
recurrent TB (L1) to eliminate bias through the b-d-e path; adjustment for the joint predictors of
missing FU and recurrent TB (L2) accounts for potential selection“bias through the f-g-h path;
adjustment for common causes of HIV infection and recurrent - TB (L3) addresses potential
confounding bias by blocking the i-j path.
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Table 1: Strategies for handling deaths post-treatment

Approach Operationalization | Assumptions | Corresponding strategy | Corresponding
in ICE literature? causal effects>®
Observed Include individuals | Patients who | Composite/favorable Total effect
recurrence who died in the died did not | strategy3
analysis and treat | experience

as non-
recurrences!

recurrent TB

Hypothetical Censor (exclude) All common | Hypothetical strategy Controlled direct
recurrence individuals who causes of effect

died, account for death and

common causes of | recurrence

death and have been

recurrence with accounted

inverse-probability | for

weights
Observed Define a Composite/unfavorable | Total effect on
composite/any composite strategy® composite

outcome of outcome

recurrence or
death from any

cause
Observed Define a Patients with | Composite/unfavorable | Total effect on
composite/probable | composite deaths strategy” composite
outcome of unrelated to outcome
recurrence or TB did not
death with either | experience

1) unknown cause,
2) cause related to
TB; treat deaths
with cause
unrelated to TB as
non-recurrences?

recurrent TB

Observed Define a Patients with | Composite/unfavorable | Total effect on
composite/explicit | composite deaths of strategy* composite
outcome of unknown outcome
recurrence or cause or
DOI: 10.1093/cid/ciad589 17




death with cause cause
related to TB, unrelated to
treat deaths with TB did not
1) unknown cause | experience
and 2) cause recurrent TB
unrelated to TB as
non-recurrences?!

1Recurrent TB outcome indicator set to 0 for all patients handled as non-recurrences

2|CH E9(R1) guidelines [5], Pham et al [4]

3Though there is no direct analog in the ICE literature [4,5] this can be thought of asa strategy that defines a
composite outcome of unfavorable events, with TB recurrence as unfavorable and death as favorable

4The composite strategies all correspond to variations of the composite strategy in.the ICE literature [4,5], with all or
a subset of deaths defined as unfavorable

SYoungetal[1]

6Although the associations reported here do not necessarily represent causal effects, the strategies for handling-post
treatment deaths are related to strategies used to estimate causal effectsin the presence of competing events
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Table 2: Summary of patient characteristics by six-month post-treatment outcome.

DOl:

Characteristic Overall Observed LTFU Died
(%) (%) (%) (%)
n=1991 n=1228 n=746 n=17
HIV
Yes 237 (11.9) 75 (6.1) 160 (21.4) 2 (11.8)
No 1754 (88.1) | 1153 (93.9) | 586 (78.6) 15 (88.2)
Age
0-19 79 (4.0) 37 (3.0) 42 (5.6) 01(0.0)
20-44 1292 (64.9) | 806 (65.6) | 478 (64.1) 8 (47.1)
45-59 486 (24.4) | 308 (25.1) 174 (23.3) 4 (23.5)
60+ 134 (6.7) 77 (6.3) 52 (7.0) 5(29.4)
BMI <18.5kg
Yes 423 (21.2) 215 (17.5) | 197 (26.4) 11 (64.7)
No 1568 (78.8) | 1013(82.5) | 549 (73.6) 6 (35.3)
Diabetes mellitus
Yes 295 (14.8) 189 (15.4) | 103 (13.8) 3(17.6)
No 1669 (83.8) | 1031 (84.0) | 624 (83.6) 14 (82.4)
Missing 27 (1.4) 8(0.7) 19 (2.5) 0(0.0)
Hepatitis C
Yes 185 (9.3) 130 (10.6) 53(7.1) 2(11.8)
No 1806 (90.7) | 1098 (89.4) | 693 (92.9) 15 (88.2)
Cavitary disease
Yes 722 (36.3) | 469 (38.2) | 246 (33.0) 7 (41.2)
No 1156 (58.1) | 722 (58.8) | 425 (57.0) 9 (52.9)
Missing 113 (5.7) 37 (3.0) 75 (10.1) 1(5.9)
BDQ use
Yes 1567 (78.7) | 993 (80.9) | 561 (75.2) 13 (76.5)
No 424 (21.3) 235(19.1) | 185 (24.8) 4 (23.5)
FQ.ever used
Yes 1341(67.4) | 819 (66.7) | 510 (68.4) 12 (70.6)
No 650 (32.6) | 409 (33.3) | 236(31.6) 5(29.4)
LZD ever used
Yes 1787 (89.8) | 1149 (93.6) | 622 (83.4) 16 (94.1)
No 204 (10.2) 79 (6.4) 124 (16.6) 1(5.9)
Region
Central Asia 583 (29.3) | 373 (30.4) | 206 (27.6) 4 (23.5)
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East or Southeast Asia
South Asia

Western Asia

Europe

Sub-Saharan Africa
South America or

94 (4.7)
455 (22.9)
276 (13.9)

82 (4.1)
264 (13.3)
237 (11.9)

27 (2.2)
280 (22.8)
217 (17.7)

65 (5.3)

54 (4.4)
212 (17.3)

64 (8.6)
170 (22.8)
56 (7.5)
17 (2.3)
208 (27.9)
25 (3.4)

3(17.6)
5 (29.4)
3(17.6)
0 (0.0)
2 (11.8)
0 (0.0)

Caribbean

Table 3: Estimated overall risk of recurrence and relative risk by HIV status under five
strategies for handling post-treatment deaths.

Strategy Adjusted for missing FU Not adjusted for missing FU
Overall risk per | Relative risk®-2 |.. Overall risk Relative
1000 per 1000 risk1-2
Observed 7.4 1.2 8.0 1.3
recurrence (3.5,12.9) (0.1,5:7) (4.0,13.6) (0.2,5.5)
Hypothetical 7.6 1.2 8.1 1.3
recurrence (3.6,13.1) (0.2,4.9) (4.0,13.8) (0.2,4.9)
Observed 25.5 0.6 21.7 0.8
composite/any (15.4,38.1) (0.1,1.7) (14.2,30.0) (0.2,2.1)
Observed 11.7 0.7 12.9 0.7
composite/probable (6.5,18.3) (0.1,2.8) (7.2,19.8) (0.2,2.7)
Observed 8.6 1.0 9.6 1.0
composite/explicit (4.2,14.6) (0.1,4.0) (4.8,15.9) (0.2,3.8)

195% credible intervals are constructed as the 2.5t and 97.5! percentiles of the 1000 bootstrap sample estimates
2 Relative risk is comparing risk of outcome among people living with HIV (numerator) and this risk among people
living without*HIV (denominator)
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