External controls in paediatric HIV trials:
frequentist and Bayesian approaches
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1. BACKGROUND & AIMS 2a. METHODS: Data Sources 2b. METHODS: Statistical Analysis
RCT

_ _ OUTCOME: 96-week risk difference in treatment failure (DTG - SOC)
* Randomised controlled trials (RCTs) are the gold - ODYSSEY was a Phase Ill non-inferiority (NI) RCT comparing BASELINE: randomisation in ODYSSEY: SOC initiation in EPPICC.

standard for estimating treatment effect, but recruitment dolutegravir (DTG)-based antiretroviral therapy Frequentist approach

canOtI).e :hallenging n smafl populations such as (ART) to standard of care (SOC)in children starting first-line * Inverse probability weighting was used to create a weighted EPPICC
paediatrics. (ODYSSEY A) or second-line ART (ODYSSEY B) ion wi . istics simi

. 3 - ' SOC population with baseline characteristics similar to ODYSSEY
Beal Wc?rld data (RWD) from observational cohorts are * Primary outcome: 96-week risk difference (RD) in virological or SOC.
nereasingly used as external controls (EGs) when clinicaltreatment failure; NI margin = 10%. . Weights included age, sex, ethnicity, BMI-for-age WHO z-score, CD4
conventional RCTs are infeasible or difficult to conduct. . Setting: 88% sub-Saharan Africa, 9% Thailand, 3% Europe. » OS2 ’ ’

count, log VL, NRTI type, ART-naive vs ART-experienced. Region was
not adjusted for because of limited geographical overlap.
* Weighted EPPICC SOC replaced up to 50% in the overall and ART-

* ECscanbe incorporated in different ways, including . Result: DTG was superior to SOC; RD -8% (95% CI -13% to -2%:;
partial replacement of concurrent controls or p=0.0086).

Bayesian borrowing while retaining the full control

arm, potentially reducing recruitment requirements and External data source naive subgroup, and up to 20% in the ART-experienced subgroup.

improving trial efficiency. - Epidemiology of Pregnancy and Paediatric Infections * Ateachreplacementlevel, ODYSSEY controls were down-weighted
. However, the validity of ECs depends on how comparable International Cohort Collaboration (EPPICC) pools routine-care and EPPICC controls re-weighted to maintain the same total

the external and trial populations are, particularly when data from 17 paediatric HIV cohorts across Europe and Thailand. weighted ODYSSEY SOC-arm size.

there are differences in baseline characteristics or e Childrenin EPPICC were included if they were: * Aweighted Cox model estimated 96-week failure probabilities for

clinical setting.  aged<18years, weighed =214 kg, DTG and augmented SOC; RD was calculated as DTG - SOC.

* Initiated first- or subsequent-line ART* on a SOC regimen (SOC Bayesian approach

AIM: To compare two approaches to incorporating was defined as in ODYSSEY) * Arobust mixture prior (RMP) used EPPICC SOC information for the

paediatric HIV real-world data into a completed * had complete data for analysis covariates, and ODYSS.EY SOC log-hazard at 96 weeks, V\./ii(h borrowing determined
— : : * had=1VL measurementevery 24 weeks to ensure adequate dynamically according to commensurability between the two data

Phase lll RCT: frequentist partial replacement of .

, , . . outcome ascertainment. sources.
trial controls and Bayesian borrowing while « ODYSSEY Bincluded second-line ART only; EPPICC B also included « A piecewise exponential model was used to estimate posterior risk
retaining the full trial control arm. second or subsequent ART to increase the eligible sample difference adjusted for treatment, age, sex, CD4 count, log VL, NRTI
* 1Turkova A, etal.N EnglJ) Med. 2021;385(27):2531-43. tvobe. and ART-naive vs ART-experienced.

3a. RESULTS: Population Characteristics

Table 1. Baseline characteristics of SOC populations

* ODYSSEY originally used a 90% powered 1:1 randomised

BMI-for-age WHO Z-score L @
design (DTG n=350; SOC n=357) to show DTG was non-inferior EP(TS?:;))C ODZ:S?S(:)OC ART-naive @ i ®
to SOC, with EPPICC providing 193 additional SOC controls . , White ethnicity 4 l o
(Figure 1). N(%), median [IQR] Black ethnicity i oo
Age (years) 11.9 [8.9, 14.3] 12.1 [8.8, 14.7] TDF/3TC or TDF/FTC U'S @
KEY POPULATION DIFFERENCES |
Sex, female 105 (54%) 171 (48%) ABC/3TC L G
° i i i i coun '
ODYSSE.Y.and EPPICC differed su bstant.lally in population Ethnicity: Black 145 (75%) 315 (88%) CDiema|; ¢ o :
composition. EPPICC SOC was predominantly European White 25 (13%) 1(0.3%) >—o |
(98%), whereas ODYSSEY SOC was predominantly from sub- - : - . N’:f:; ‘.. |
Saharan Africa (87%). Other 23 (12%) 41 (11.7%) L og viral load—— & |
_ . ) Region: Europe 190 (98%) 13 (4%) - |
* EPPICC also included a much larger proportion of ART-naive Sub-Sah 0 (0% 311 (87 Other ethnicity @ | | 4 | | | I | |
children (79% vs 44%) and had a higher BMI-for-age z-score Africa Hb-Sahardan (0%) (87%) R O oA S A S
Table 1). _ .
( ) Thailand 3 (2%) 33 (9%) ® Before weighting € After weighting

o it A : : Standardised mean difference < 0.20 indicates adequate covariate balance.
Some characteristics were broadly similar, including age, sex, BMI-for-age z-score 0.32 [-0.42,1.04] -0.58 [-1.39, 0.10]

baseline log VL and previous AIDS diagnosis. . Figure 2. Covariate balance between EPPICC and ODYSSEY SOC before
Log VL (CopleS/mL) 4.5 [3.8, 4.9] 4.4 [3.7, 4.9] and after Weighting
ODYSSEY TRIAL ( EPPICC ::D:ll- c/ou nt3) 401 [283, 626] 486 [254, 751]
cells/mm
[ n?-ggo J [ S_O3§7 ]< | | EPTS?;;OC ] Brovious AIDS 16 (8%) 32 (9%) * Weighting improved balance amongst the SOC populations
1= \ - (; Z across most measured characteristics, although residual balance
ART-naive 152 (79%) 157 (44%) remained for ethnicity and BMI-for-age (Figure 2).
Up to 193 EPPICC SOC available to : : : i
cgntribute as external controls NRTI: ABC/3TC 107(55%) 235 (66%) * These differences may be explained by markedly different
TDF/3TC;TDF/FTC 68 (35%) 81 (23%) geographical distributions which couldn’t be fully accounted for.
Figure 1. Flow diagram Other 18 (9%) 41 (11%)
3b. RESULTS: Frequentist Approach 3c. RESULTS: Bayesian Approach
Table 2: Estimated 96-week treatment failure probability in Overall |
ODYSSEY and EPPICC controls Original ODYSSEY - : o |
Original ODYSSEY : ®
Group ODYSSEY EPPICC EPPICC 20% replacement - : A |
SOC unweighted weighted 509 ran) R |
t- t I ' b
Overall 950 0% 230 o replacemen | Bayesian RMP L 2
. |
ART-naive (A) 22% 16% 20% ART-naive (A) |
Original ODYSSEY - = O = |
ART- 21% 36% 33% 50% ren| t N |
. repiacement - : | | T | |
experienced (B) i | 0.15 010 0.05 0.00 0.05
o0% replacement - : ¢ : Risk difference in treatment failure by 96 weeks (DTG - SOC)
* After weighting, the overall probability of treatment ART-experienced (B) :
failure was higher in EPPICC than ODYSSEY overall (Table Original ODYSSEY 7 : ¢ : Figure 4. Treatment effect in ODYSSEY and Bayesian analysis combining
2) 20% replacement - | ¢ | ODYYSEY and EPPICC SOC
* Thiswasdriven by a higher failure rate in ART- : * The robust mixture prior dynamically weighted the EPPICC-informed
|

experienced patients in EPPICC than ODYSSEY; this group | . ! | . . prior according to its compatibility with ODYSSEY SOC, limiting the
represented 21% in the unweighted EPPICC cohort and 025 020 01 010 005 000 005 influence of discrepant external information.

: : : Risk difference (DTG - SOC)
0 . . . . .
Increased to 53% in the weighted EPPICC cohort. In the ART-experienced (B) analysis, a maximum of 20% of the ODYSSEYSoc arm ¢ The EPPICC-informed prior was given a posterior mean weight of

 When replacing proportions of the ODYSSEY SOC arm with was able to be replaced due to the small sample size of the EPPICC B subgroup. 65% (95% Crl; 11%-99%), indicating compatibility of the EPPICC
EPPICC SOC this translated into larger treatment effects Figure 3. Effect of external-control replacement on estimated 96- cohort, although the degree of borrowing was very uncertain.
overall and in the ART-experienced subgroup. For the week risk difference, overall and by ART history.

* The Bayesian treatment effect was very similar to ODYSSEY

ART-naive subgroup, findings were similar to the original alone (RD ~ -8%), with little change in precision (Figure 4).

ODYSSEY result. (Figure 3)

4. KEY FINDINGS & CONCLUSIONS
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