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Abstract

Background The EMPIRICAL trial aims to assess safety and efficacy of an empirical treatment against cytomegalovi-
rus (CMV) and tuberculosis (TB) compared to standard of care (SoC), on adverse events and 15-day and 1-year mortal-
ity among infants living with HIV hospitalized with severe pneumonia in Africa.

Methods and design The EMPIRICAL trial (NCT03915366) is an international multicenter phase Il-ll, open-label
randomized factorial clinical trial conducted in six African countries. The trial has four randomization armsin a 1:1:1:1
fashion with patients allocated to (i) TB-Treatment plus SoC, (i) valganciclovir plus SoG, (iii) both TB-Treatment and val-
ganciclovir plus SoC, and (iv) SoC only.

Discussion This paper describes the statistical analysis plan (SAP) for the trial which, per the study publication plan,
needs to be published prior to the database lock and final analysis results. The SAP includes details of the analyses
to be undertaken and unpopulated tables that will be reported to address primary and secondary endpoints. The
database will be locked on 31st January 2025.

Trial registration ClinicalTrials.gov: NCT03915366 (registered on April 16, 2019), Universal Trial Number: U111-1231-
4736, Pan African Clinical Trial Registry: PACTR201994797961340.
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Introduction

Pneumonia remains the main cause of death in chil-
dren in the postnatal period. Although underdiagnosed,
tuberculosis is also a common cause of death, particu-
larly in children with HIV infection. In 2022, according
to UNAIDS, 1.5 million children under 15 years of age
were living with HIV worldwide, mainly in Sub-Saharan
Africa, and the global number of child deaths is 110,000
to 120,000 per year. Of those, 40,000 deaths could be
attributable to tuberculosis (TB), despite early initiation
of antiretroviral treatment (ART) [1, 2].

The current World Health Organization (WHO) guide-
lines include a standard of care (SoC) intervention to
treat pneumonia in children living with HIV (CLHIV)
caused by Preumocystis jirovecii, Streptococcus pneumo-
niae, and Haemophilus influenzae b [3]. This interven-
tion has insufficiently decreased mortality, allegedly due
to other important causes of death, such as cytomegalo-
virus (CMV) and TB. Both are still underdiagnosed and
undertreated in this population [4] due to the barriers
and difficulties in diagnosis. The current SoC includes
microbiological testing for TB in those children with sus-
pected TB. However, even with this approach, a signifi-
cant number of TB patients remain undiagnosed or late
diagnosed. According to the WHO, improving access to
oral systemic treatment with valganciclovir to treat CMV
pneumonia is an explicit priority in children according to
the 2017 Advanced HIV Disease Guidelines [5].

Systematic empirical treatment for CMV and TB
may be lifesaving for infants living with HIV. System-
atic empirical treatment for TB in severely immunosup-
pressed HIV-infected patients without evidence of active
TB disease is an open question that has been assessed in
a randomized trial in adults, but currently, there are no
similar studies focused on infants [6]. Although synergis-
tic deleterious effects of CMV and TB coinfection have
been reported, the impact of these coinfections is poorly
understood in children [7-10].

The ongoing EMPIRICAL trial is an international
phase II-III multicenter, open-label randomized facto-
rial clinical trial. This trial is funded by EDCTP (Grant
number: RIA2017MC- 2013 EMPIRICAL). This trial is
being conducted in six African countries, Ivory Coast,
Malawi, Mozambique, Uganda, Zambia, and Zimbabwe,
in collaboration with research organizations from Spain,
France, the UK, Italy, and The Netherlands. Participants
in the trial were randomized to four different arms in a
1:1:1:1 fashion (SoC, TB-Treatment + SoC, Valganciclo-
vir +SoC, and TB-Treatment + Valganciclovir + SoC).
This trial aimed to assess which of these interventions,
or combinations of these interventions, decrease mor-
tality in CLHIV admitted with severe pneumonia [11].
Children with a suspected TB or with a close contact of
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TB were excluded from enrolment, because according
guidelines, they should receive treatment against TB, and
therefore cannot be randomized to an arm without TB-T.

This manuscript reports the details of the prespecified
statistical analysis plan (SAP) agreed upon by the inde-
pendent Data and Safety Monitoring Board (DSMB).
The DSMB has assessed the trial every 6 months since
study onset and recommended trial continuation on each
occasion.

Methods and design

This SAP corresponds to the version v1.1 31 st Octo-
ber 2022 according to the EMPIRICAL study protocol
v2.0 10-11-2020. The first version of the SAP (v1.0) was
released on 26 th November 2020 and updated to v1.1 on
31 st October 2022 after the interim analysis report dated
on 11 th October 2022. The changes on the original ver-
sion were made following independent DSMB members
suggestions to facilitate results visualizations including
summary tables for factorial analysis and reporting num-
ber of events in figures.

The SAP will ensure that the analysis is not data driven
or selectively reported. The results of the primary anal-
ysis are expected to occur in July 2025, after all partici-
pants enrolled have completed the 360 days of follow-up.

The EMPIRICAL trial is a 2 X2 factorial, superiority,
unlabeled randomized controlled trial. The 1:1:1:1 rand-
omization was stratified using block sizes by center and
severity. Severe cases were considered to have any of the
following characteristics at randomization: (i) unable to
drink/breastfeed, (ii) persisting vomiting, (iii) having
convulsions, (iv) lethargic or unconscious, (v) stridor
while calm, (vi) severe malnutrition, (vii) central cyano-
sis, and (viii) oxygen saturation of less than 90%. A fac-
torial clinical trial was proposed for this clinical trial to
examine two or more different interventions in the same
trial. Each intervention has a different mechanism of
impact on the primary endpoint. In this case, we con-
sidered it to be more efficient to run one large factorial
trial addressing two questions rather than two separate
trials addressing a single trial/question individually. Fur-
thermore, if an unanticipated interaction between the
interventions exists, a factorial design allows such inter-
actions to be identified, and the relative contribution
of each can be explored [12]. The 2X 2 factorial design
allows two primary comparisons: (i) the effect of valgan-
ciclovir on mortality and (ii) the effect of TB-Treatment
on mortality.

The study is a phase II-III study as follows:

+ The empirical treatment for CMV (valganciclovir) is
phase II according to the US Food and Drug Admin-
istration (FDA) definitions, as the purpose is to inves-
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tigate the efficacy and side effects of this treatment in
up to several hundred people with the disease/con-
dition (presumed CMV pneumonia), lasting several
months to 2 years.

« The empirical treatment for TB (isoniazid, rifampicin,
pyrazinamide, and ethambutol) is phase III according
to FDA definitions since the trial tries to demonstrate
whether a product offers a treatment benefit to a spe-
cific population (in this case, HIV-infected infants
with unknown-onset severe pneumonia). Phase III
studies typically involve 300 to 3000 participants.

All interventions will include the current WHO SoC
guidelines to treat pneumonia in children living with
HIV (CLHIV) caused by Pneumocystis jirovecii, Strepto-
coccus pneumoniae, and Haemophilus influenzae b [3].
Concomitant SoC therapy includes antibiotic treatment
(ceftriaxone or alternatively ampicillin plus gentamicin),
cotrimoxazole, prednisolone, antiretroviral treatment for
HIV, and indication of TB treatment on symptom-based
or microbiologically confirmed. If the child is naive, or
not taking prescribed ART, ART will be started in all
HIV-infected infants according to the WHO and national
guidelines on day 15 +7. ART regimens will be based on
what is being used in national programs.

The inclusion and exclusion criteria as well as the end-
points of the study and clinical definitions were described
in the protocol [11].

The principal analysis will be based on intention-to-
treat (ITT). We will analyze patients in the groups they
were randomized to, regardless of treatment received
after randomization. A sensitivity analysis will be per-
formed, including a per-protocol analysis considering
only data of participants who follow the randomization
protocol correctly and excluding those with randomiza-
tion errors (participants received an IMP different than
the one in their allocated arm).

In the case of a new TB diagnosis after randomization,
participants will be treated with TB-T according to SoC
practices and local protocols. These participants will be
considfered in their allocation arms in both ITT analysis
and per-protocol analysis because they follow their inter-
vention allocation (IMP + SoC or SoC).

Primary objectives
To compare the impact on 15-day and 1-year mortality of
combined systematic empirical treatment against TB and
CMYV plus SoC versus SoC in HIV-infected infants with
severe pneumonia.

Secondary objectives
Secondary objectives are (i) to compare the cumula-
tive days of oxygen therapy from randomization until
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discharge of the intervention arms versus SoC, (ii) to
compare the cumulative number of days of hospitaliza-
tion 1 year after randomization of the intervention arms
versus SoC, (iii) to evaluate the safety of empirical val-
ganciclovir and empirical TB-T in HIV-infected infants
hospitalized with severe pneumonia of the intervention
arms versus SoC, (iv) to know the prevalence of CMV
infection in HIV-infected infants hospitalized with severe
pneumonia, (v) to know the prevalence and incidence of
confirmed and unconfirmed TB in HIV-infected infants
hospitalized with severe pneumonia, (vi) to know the
prevalence of CMV infection and confirmed and uncon-
firmed TB in HIV-infected children hospitalized with
severe pneumonia that died, (vii) to assess the decrease
of the quantitative CMYV viral load in blood and saliva in
HIV-infected infants hospitalized with severe pneumonia
treated with valganciclovir, (viii) to assess the diagnostic
accuracy of TB-LAM for the diagnosis of confirmed TB
(reference: positive Xpert MTB/RIF Ultra in feces and/or
nasopharyngeal aspirate (NPA)), and (ix) to analyze the
cost-effectiveness of the proposed treatment strategies in
each context. Secondary objectives are further detailed in
the EMPIRICAL trial protocol [11].

Hypothesis

Empirical treatment against CMV with oral valganciclo-
vir and empirical TB-Treatment together with standard
pneumonia treatment improve survival in HIV-infected
infants with severe pneumonia, with a low-risk/benefit
profile.

Primary analysis

To describe the participants included in the study, a flow
diagram was constructed according to the Consolidated
Standards of Reporting Trials Statement [13]. This flow
diagram includes the numbers of participants screened,
the numbers eligible, the reasons for ineligibility, and the
number of patients randomized and analyzed for the pri-
mary outcome, as shown in Fig. 1.

To describe the clinical trial population, the data will be
displayed as a whole and summarized by each interven-
tion (arms with/out valganciclovir, arms with/out empiri-
cal TB treatment). Baseline demographic characteristics
will be included to summarize all subjects. In summary,
tables of continuous variables, medians and interquar-
tile ranges will be assessed for nonparametric variables,
and means and standard deviations will be presented for
parametric variables. The Shapiro—Wilk test will be per-
formed to test normality, and visual methods may also
be considered where results from the test will be bor-
derline or inconclusive. In summary, tables of categori-
cal variables, counts and percentages will be used. The
denominator for each percentage will be the number of
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Assessed for eligibility N=

Fulfilled Inclusion Criteria N=
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Enrolled and randomized N=

Allocation

Excluded N=

Clinical TB diagnosis

Known bacteriologically confirmed TB case
Previously treated for TB

Documented TB exposure

Pure wheezers

Treatment contraindications

Active malignancies

Systemic immunosuppressors

Evidence of condition other than HIV before enrollment
Less than 2.5Kg

Hb<6g/dL

Neutropenia <500 /mm3

Rejected entry into the trial

Not enrolled due to other reasons*

l

TB-T + SoC Val + SoC TB-T + Val + SoC SoC
N= N= N= =
Excluded® Excluded?®
e e Analyzed o Ne
TB-T + SoC Val + SoC TB-T + Val + SoC SoC
= N= N= N=
Follow-up

Complete follow-up N=
Death N=
Withdrawal N=
Lost N=

Complete follow-up N=

Death N= Death N=
Withdrawal N= Withdrawal N=
Lost N= Lost N=

Complete follow-up N=

Complete follow-up N=
Death N=
Withdrawal N=
Lost N=

Fig. 1 Study flow diagram template for the EMPIRICAL trial (based on the CONSORT flow diagram). HIV, human immunodeficiency virus; TB-T,

tuberculosis treatment; Val, valganciclovir; SoC, standard of care; TB, tuberculosis; Hb, hemoglobin

subjects within the population group without consider-
ing missing observations unless otherwise specified using
the compareGroups R package [14]. Table 1 shows the
demographic information by the randomization arm.
Table 2 shows the characteristics of the participants who
presented the primary endpoint (mortality) during the

study.

To analyze the probability of survival among treatment
arms, a factorial design was used. Two comparisons will
be conducted: (i) participants who were allocated to arms
with TB-Treatment (TB-Treatment + SoC and TB-Treat-
ment + Valganciclovir +SoC) compared to those who
were not allocated to arms with TB treatment (Valgan-
ciclovir +SoC and only SoC) and (ii) participants who
were allocated to arms with valganciclovir (Valganciclo-
vir +SoC and TB-Treatment; + Valganciclovir +SoC)
compared to those who were not allocated to arms with
valganciclovir (TB-Treatment +SoC and only SoC). An
interaction between the two main treatments is expected
to be synergistic because each treatment focuses on dif-
ferent targets of possible causes of mortality and due to
deleterious effect of CMV in the immune response to

TB. Rather than the common assumption in factorial tri-
als of no interaction between the two comparisons, we
estimated a better performance in patients who received
both treatments. For that reason, both at-the-margins
and inside-the-table will be presented as recommended
in factorial designs [12] (Tables 3 and 4).

The Kaplan—Meier survival curves will be plotted
to compare the probability of survival in each inter-
vention, as presented in Fig. 2. A proportional Cox
regression model will be fitted for the primary out-
come (mortality). A multivariate flexible parametric
survival regression analysis using Weibull distribution
will be performed implemented in flexsurv R package
[15], including site, CD4 T-cell count, HIV viral load,
age at HIV diagnosis, oxygen support use, and nutri-
tion status as possible covariates. The HIV viral load
and CD4 percentage will be included in the model as
time-dependent covariates using the survival R package
[16]. The best final model will be selected using recur-
sive feature elimination via random forest and tenfold
cross-validation with 50 repeats implemented in the
caret R package [17]. Univariable and multivariable
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Table 1 Baseline characteristics of the participants
Characteristic All No valganciclovir Valganciclovir Empirical No empirical
TB-Treatment TB-Treatment
N= N= N= N= N=

Enrolling site (n, %)

PACCI (lvory Coast)
(n, %)

FM-CISM (Mozam-
bique) (n, %)

UEM (Mozam-
bique) (n, %)

LSTM-MLW
(Malawi) (n, %)
LMRFT (Malawi)
(n, %)
MU (Uganda) (n, %)

HerpeZ (Zambia)
(n, %)

UZ-CRC (Zimba-
bwe) (n, %)

Severe pneumonia
criteria (n, %)

Nonimprovement
with oral treatment
(n, %)

Chest indrawing
(n, %)

Unable to drink/
breastfeed (n, %)

Persisting vomiting
(n, %)

Having convulsions
(n, %)

Lethargic or uncon-
scious (n, %)

Stridor while calm
(n, %)

Severe malnutri-
tion (n, %)

Central cyanosis
(n, %)

02 saturation
<90% (n, %)

Child age

Months (median,
IQR)
Gender

Female (n, %)
Baseline weight
for height

Z score (median,
IQR)
HIV newly diag-
nosed at enrollment

Yes (n, %)
Oxygen saturation
<90% at arrival

Yes (n, %)
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Table 1 (continued)
Characteristic All No valganciclovir Valganciclovir Empirical No empirical
TB-Treatment TB-Treatment
N= N= N= N= N=

Respiratory support
No (n, %)
Nasal cannula

(n, %)

CPAP/MV (n, %)
Age at HIV diagnosis
Months (median,

IOR)
Virologic and immu-
nologic status

Viral load at enroll-
ment (Log10)

HIV viral load
atenrollment <5
logs n (%)

HIV viral load
atenrollment <5
logs n (%)

CD4% at enrollmen

ART regimen
after enrollment

None

2 NRTI + lopinavir/
ritonavir

3NRTI
2 NRTI + nevirapine

2 NRTI + dolute-
gravir

PACCI Programme PAC-Cl de Cote d'Ivoire, FM-CISM Centro de Investigacao em Saude de Manhiga (Mozambique), UEM Universidade Eduardo Mondlane Maputo
(Mozambique), LSTM-MLW Malawi-Liverpool-Welcome Trust Clinical Research, LMRFT Lilongwe Medical Relief Fund Trust (Malawi), MU Mulago Hospital (Uganda);
HerpeZ, Infectious Disease Research & Training in Zambia, UZ-CRC University of Zimbabwe Clinical research Centre, ART antiretroviral treatment, SoC standard of care,
TB-T tuberculosis treatment, NRTI nucleoside reverse-transcriptase inhibitors, NNRTI non-nucleoside reverse-transcriptase inhibitors

hazard ratio estimates and 95% confidence intervals
will be presented in a forest plot, as shown in Fig. 3.
An initial regression model will be fitted, including the
interaction and the associated p value. If there is no evi-
dence of a statistically significant interaction term (i.e.,
p> 0.05), a factorial analysis will be used to determine
the success of the trial by analyzing each of the inter-
vention’s endpoints independently as two trials. If the
interaction term is statistically significant, the effect of
each of the four interventions will be tested. The Num-
ber Needed to Treat (NNT) will be estimated using the
difference in Restricted Mean Survival Time (RMST)
between intervention groups, integrating the adjusted
survival curves from the Weibull model up to a pre-
defined follow-up time. RMST values will be derived
separately for each imputed dataset, and the NNT will
then be derived by dividing the follow-up time by the
RMST difference. Confidence intervals will be obtained

using Rubin’s rules to account for variability across
imputations.

To analyze snapshot clinically relevant timepoints in
the trial (15-day mortality and 1-year mortality), uni-
variable and multivariable logistic regressions will be
performed.

To describe the rate, the number of incident deaths
(number of deaths) will be calculated in the cohort, and
the total follow-up time (person-time) will be computed;
death-free individuals in the cohort will be observed over
the study period. The estimated mortality incidence will
be obtained by dividing the number of deaths by the total
duration of follow-up (person-year).

Secondary analysis

If there is no evidence of a statistically significant inter-
action effect for the primary outcome, then no interac-
tion effect will be assumed for the secondary outcomes.
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Table 2 Characteristics of participants who died according to randomization arms
All-case fatality No valganciclovir Valganciclovir Empirical No empirical
risk/site TB-Treatment TB-Treatment
(%) (%) (%) (%) (%)

Enrolling site (n, %)

PACCI (Ivory Coast) (n, %)
FM-CISM (Mozambique) (n, %)
UEM (Mozambique) (n, %)
LSTM-MLW (Malawi) (n, %)
MU (Uganda) (n, %)

HerpeZ (Zambia) (n, %)
UZ-CRC (Zimbabwe) (n, %)
LMRFT (Malawi) (n, %)
Cause (n, %)

Cause of death 1

Cause of death 2

Cause of death 3

Cause of death 4

Cause of death 5

Time to death (median, IQR)
Days

< 2 days (n, %)

Age at death (median, IQR)
Months

PACCI Programme PAC-Cl de Cote d'Ivoire, FM-CISM Centro de Investigacdo em Saude de Manhiga (Mozambique), UEM Universidade Eduardo Mondlane
Maputo (Mozambique), LSTM-MLW Malawi-Liverpool-Welcome Trust Clinical Research, LMRFT Lilongwe Medical Relief Fund Trust (Malawi), MU Mulago Hospital
(Uganda), HerpeZ Infectious Disease Research & Training in Zambia, UZ-CRC, University of Zimbabwe Clinical research Centre

Table 3 2 x 2 factorial analysis

Randomization of TB-Treatment

Randomization of valganciclovir

Yes No

Yes Both Only TB-Treatment All TB-Treatment
N=| deaths = N=| deaths = N=| deaths =

No Only valganciclovir Neither valganciclovir nor TB-Treatment: SoC  All non-TB-Treatment
N=| deaths = N=| deaths = N=| deaths =

Total Allvalganciclovir All non-valganciclovir Analysis “at the margins”
N=| deaths = N=| deaths =

TB, tuberculosis

Likewise, if evidence of a statistically significant interac-
tion effect is identified for the primary outcome, then the
secondary outcomes will be analyzed assuming an inter-
action effect is present.

To compare the cumulative days on oxygen therapy
from randomization until discharge, a negative bino-
mial model using offset for follow-up time will be used.
Similar analyses will be performed to test the differ-
ences in cumulative hospitalization days 1 year after
randomization.

Serious adverse events (SAEs) will be described among
the different interventions in Table 5. The type of regis-
trable SAE, action required, and resolution times will
be compared. The chi-square test and Fisher’s test (any
expected cell count is less than 5) will be performed for
categorical variables. For normally distributed continu-
ous variables, Student’s ¢-test will be performed, and the
Mann-Whitney U or Kruskal-Wallis test will be used
when nonparametric. All hypothesis testing will be car-
ried out at the 5% significance level and p values will be
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Table 4 Summary of the effects presented in the factorial survival analysis

Univariable model
Treatment Hazard ratio (95% Cl)
1/Both (Val +TB-T) + Soc vs. SOC
2/0nly TB-T 4+ SoC vs. SoC

Arms with TB-T vs. No TB-T

Both (Val +TB-T) +SoC vs. Val + SoC
Multivariable model

Treatment Hazard ratio (95% Cl)
Only TB-T 4+ SoC vs. SoC

Arms with TB-T vs. No TB-T

Only (Val +TB-T) +SoC vs. Val +SoC

Treatment Hazard ratio (95% Cl)
3/Only Val +SoC vs. SoC

Arms with Val vs. No Val

TB-T +Val +SoC vs. TB-T + SoC
Treatment Hazard ratio (95% Cl)
Only Val +SoC vs. SoC

Arms with Val vs. No Val

TB-T +Val +SoC vs. TB-T 4+ SoC

TB-T tuberculosis treatment, Val valganciclovir, SoC standard of care, Cl confidence interval

A.

1.00 i
s Valganciclovir
S o075
2
=
»n
o
> 0.50
= No valganciclovir
\
©
8
= 025
o Hazard Ratio HR (95% Cl), p value

Log-rank p value
0.00
015 60 120 180 240 300 360
No. at Risk

Valganciclovir
No valganciclovir

B.

1.00

0.75

0.50 No empirical TB-treatment

0.25 Hazard Ratio HR (95% CI), p value

Log-rank p value
0.00
015 60 120 180 240 300 360
No. at Risk

Empirical TB-treatment
No empirical TB-treatment

Fig. 2 Kaplan-Meier survival estimates at day 15 and day 360 among the randomization arms

rounded to three decimal places. In summary tables, p
values less than 0.001 will be reported as <0.001 accord-
ing to the compareGroups R package [14]. To analyze the
association between SAEs and interventions, the person-
month density incidence will be calculated using a Pois-
son regression model. Overdispersion will be checked
and if overfitting of zeros in the model, a zero-inflated
model will be performed. SAE incidence rate ratios
together with 95% CI will be presented. Volcano plots
will be used to represent risk differences and significance
for the most frequent and significant diseases using the
ggplot2 R package [18], as shown in Fig. 4. f

The prevalence of CMV infection will be calculated
taking into account 57.1 copies/mL as the cutoff for posi-
tivity. CMV-attributable pneumonia will be considered
in cases with CMV viral load >4.1 log copies/mL [19].
CMV viral decay will be analyzed using paired Wilcoxon

signed-rank tests. The prevalence and incidence of TB
will also be analyzed according to the protocol defini-
tions. The diagnostic accuracy of the TB tests will be
assessed using confusion matrices, and the reporting
accuracy, sensitivity, specificity, and positive and negative
predictive values will be assessed using the caret R pack-
age [17]. Results derived from the Xpert Ultra test will be
considered as the gold standard.

Sensitivity analysis

Sensitivity analysis will be conducted to assess the robust-
ness of the primary trial results by repeating the primary
survival regression analysis while taking into account the
out-of-randomization scheme, if any. The per-protocol
analysis will be performed considering patients who were
prescribed an intervention different than it was allocated
to. A second sensitivity analysis will be conducted for the
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Number of Number of Hazard Ratio (95% Cl) Hazard Ratio (95% CI) p-value
participants (n) Events (n, %) Unadjusted Adjusted ¥

Treatment
Arms with TB-Treatment (TB-T, TB-T+Val) N= I HR (95% Cl) HR (95% Cl) P
ref. no TB-Treatment
Arms with Valganciclovir (Val, TB-T+Val) N= o HR (95% Cl) HR (95% Cl) p
ref. no Valganciclovir
o PRSPPI :
i Int on (TB-Treatment + Valganciclovir, HR (95% CI HR (95% CI i
T S - - SN eosly b i IR
Covariable selected 1 N= o HR (95% Cl) p
Covariable selected 2 N= s HR (95% Cl) p
Covariable selected 3
Level 1 (ref) N= Ref. 1.00 Ref.
Level 2 N= € HR (95% Cl) p
Level 3 N= o HR (95% Cl) p

Decreased risk of mortality

10 5 10 15 20
Increased risk of mortality

Unadjusted

Fig. 3 Survival estimates (hazard ratios) of the factorial analysis

ITT population to test missing-not-at-random assump-
tions if more than 20% of the data included in the pri-
mary endpoint model are missing.

Handling of missing data

To avoid loss of information and statistical power in the
association analysis, missing data will be imputed using
joint multivariate normal distribution multiple impu-
tation implemented in mice R package [20]. To prevent
many assumptions, only variables with less than 20%
missing information will be considered for imputation.
To obtain a better understanding of the way missing data
are distributed among variables in the study, correlation
matrices, patching patterns, and box plot analyses will be
performed by means of several functions implemented in
the MICE and VIM R packages [21].

Protocol deviations

Summary of serious protocol deviations will be reported
in the biannually DSMB reports and final results of the
study.

Interim analysis

An interim analysis was planned when 50% of the sam-
ple size or 50% of the recruitment time elapsed whatever
happen earlier. The symmetric O’Brien-Fleming stopping
boundary was applied to the primary endpoint analysis
for harm and efficacy.

Final analysis
Final analysis is planned to be conducted in July 2025
after database lock on 31 st January 2025.

[ Adjusted

Sample size

The target sample size is 624 randomized participants
(156 per arm). Sample size calculations were calculated
to reach the main target points of the trial, the short-term
(15-day) mortality reduction due to valganciclovir treat-
ment and the long-term (1-year) mortality reduction due
to TB-Treatment. The clinical prior assumptions were to
observe a reduction from 35% baseline short-term mor-
tality in the SoC to 23% in the valganciclovir-treated
patients and a reduction from 41.5% baseline long-term
mortality in the SoC to 28.8% in the TB-treated patients,
as detailed in the EMPIRICAL trial protocol [22]. The
sample size was estimated using the WebPower R pack-
age [23] based on 80% statistical power and a 5% two-
sided statistical significance level.

Statistical packages
All analyses will be carried out using R statistical pro-
gramming software [24].

Data management plan

The study data will be managed according to the data
management plan (DMP) of EMPIRICAL study. The
study data collection will be recorded and managed
using the electronic data capture software of RED-
Cap [25] version 8.4.4. Data will be reviewed on regu-
lar basis using standardized data quality controls in an
effort to increase the cleanliness of future data stored.
The quality controls will be conducted for the first five
patients on each site and afterward, every 6 months
corresponding to each DSMB reporting period. An
R code pipeline will be run checking for missing
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Table 5 Description of serious adverse events

[All] No Valganciclovir Empirical No empirical p
valganciclovir TB-Treatment TB-Treatment
N= N= N= N= N=

SAE criteria
Results in death
Life-threatening
Requires hospitalization
Results in persistent or significant disability or incapacity
Another important medical condition
Type or registrable SAE
Any cytopenia
Neutropenia
Anemia
Thrombocytopenia
Lymphopenia
Unspecified leukopenia
Any infectious disease requiring antimicrobial treatment
New diagnosis TB
Any liver functions alterations
Any renal functions alterations
Any neurologic alterations
Suspected TB-related IRIS
Other®
Action taken®
None
Dose modification
Medical Intervention
Hospitalization
Valganciclovir discontinued
TB discontinued
Outcome
Resolved
Recovered with minor sequelae
Recovered with major sequelae
Continuing treatment
Condition worsening
Death
Unknown
Pending
Time resolution (median, IQR)
Days
IMP relatedness¥
SAE not related to IMP
SAE related to IMP (SAR)
Enrolling site (n, %)
PACCI (Ivory Coast) (n, %)
FM-CISM (Mozambique) (n, %)
UEM (Mozambique) (n, %)
LSTM-MLW (Malawi) (n, %)
LMRFT (Malawi) (n, %)
MU (Uganda) (n, %)
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Table 5 (continued)
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[Alll  No

valganciclovir

N= N=

Valganciclovir Empirical No empirical p
TB-Treatment TB-Treatment
N= N= N=

HerpeZ (Zambia) (n, %)
UZ-CRC (Zimbabwe) (n, %)

TB-T tuberculosis treatment, Val valganciclovir, SoC standard of care, PACCI Programme PAC-CI de Céte d'Ivoire, FM-CISM Centro de Investigagdo em Saude de Manhica
(Mozambique), UEM Universidade Eduardo Mondlane Maputo (Mozambique), LSTM-MLW Malawi-Liverpool-Welcome Trust Clinical Research, LMRFT Lilongwe Medical
Relief Fund Trust (Malawi), MU Mulago Hospital (Uganda), HerpeZ, Infectious Disease Research & Training in Zambia, UZ-CRC University of Zimbabwe Clinical research

Centre

2 Other

b One SAE may have several actions associated

¥No p value was computed due to unblindness of the study
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Fig. 4 Volcano plot of the serious adverse events risk difference for each treatment

information, clinical inconsistences, safety inconsist-
ences, ranges checks, and dates inconsistences. Que-
ries will be orderly reported in data validation sheets
and send it to each hospital/recruiting site responsible
for resolving them in REDCap electronic case reports
forms.

Discussion

In this manuscript, we describe the SAP for the
EMPIRICAL clinical trial. The trial is ongoing, and
recruitment is already finalized; however, follow-up of
the enrolled participants will be completed in January
2025. The publication of the SAP aims to reduce the
risk of any potential reporting bias and increase the

transparency of the planned statistical analysis. Any
deviations from the current SAP will be justified in the
final study report or publications.

Roles and responsibilities

Sara Dominguez Rodriguez (Fundacion para la Inves-
tigaciéon Biomédica del Hospital 12 Octubre and
Professor in Universidad Europea de Madrid) is the
statistician responsible for writing the SAP. David Lora
de Pablos (Fundacién para la Investigacién Biomédica
del Hospital 12 Octubre and Professor in Universi-
dad Complutense de Madrid) is the senior statistician
responsible for the SAP. Pablo Rojo Conejo (Hospital
Universitario 12 Octubre—Servicio Madrilefio de Salud
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and Professor in Universidad Complutense de Madrid)
is the chief investigator of the study.

Trial status

The trial finished the recruitment period on 31 st Janu-
ary 2024 but data collection is still active for participants’
follow-up information. The protocol version linked to
this statistical analysis plan is version 2.0 10 th November
2020. The authors published the study protocol and SAP
in different independent manuscripts to provide more
detail on statistical analysis due to the factorial design
complexity.
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