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APPENDIX
The Ovid MEDLINE® database was searched for terms related to treatment adherence, statistical
methods for handling non-adherence, and non-inferiority trials in the titles, abstracts and key words

of articles published up to 31st December 2020. The full search strategy was as follows:

1. ("intention to treat" or "intention-to-treat" or "ITT" or "intent-to-treat" or "intent to
treat").ti,ab,kw.
2. ("astreated" or "as-treated").ti,ab,kw.

3. ("per protocol" or "per-protocol").ti,ab,kw.

4. ("complier average causal effect" or "CACE" or "local average treatment effect").ti,ab,kw.

5. ("non-compliance" or "noncompliance" or "compliance" or "non-adherence" or
"nonadherence" or "adherence").ti,ab,kw.

6. ("instrumental variable" or "instrumental variables" or "IV analysis" or "IV
analyses").ti,ab,kw.

7. ("non-inferiority" or "noninferiority" or "non-inferior" or "noninferior").ti,ab,kw.

8. lor2or3ordor5or6

9. 7and8
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Table Al. Characteristics of eligible analyses (n=26)

Characteristics n (%)

Journal (n=24)
The New England Journal of Medicine 4(17)
Statistics in Medicine 3(13)
BJOG 2(8)
Journal of Biopharmaceutical Statistics 2 (8)
Trials 2(8)
Addiction 1(4)
American Journal of Kidney Disease 1(4)
BMC Psychiatry 1(4)
BMJ Open 1(4)
Clinical Gastroenterology and Hepatology 1(4)
Clinical Pediatrics 1(4)
Food and Nutrition Bulletin 1(4)
The Journal of the American Medical Association (JAMA) 1(4)
JAMA Network Open 1(4)
PLOS Medicine 1(4)
Wellcome Open Research 1(4)
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Table A2. Explanation of formulae included in Table 4

Method

Formula

Explanation of formula

IV approaches

Adherence
modelled as a
time-varying
covariateina
time-to-event
analysis

With two randomised groups (Z; Z=0 for
those in the CON group, Z=1 for those in the
EXP group), a binary measure of the
intervention actually received (X; X=1 when
EXP received, X=0 when CON received), and
a continuous outcome (Y), the conventional
IV estimator of CACE is:

B E[Y|Z = 1] — E[Y|Z = 0]
TPr(X=11Z=1)-Pr(X=1|Z=0)

v

An extension of the Cox proportional hazards
model that allows the intervention received
to vary over time. The model takes the form:

4i(t) = 2o(t)exp(BX; (1))

where A;(t) is the hazard function at time ¢,
Ao(t) is the baseline hazard, and X;(t) takes
the value 0 while a participant receives CON
and 1 while they receive EXP. § is the log
hazard ratio for the effect of receiving EXP
versus receiving CON.

The conventional IV estimator is
equivalent to the ITT effect of Zon Y (i.e.
the ITT effect of randomised group on
the outcome) divided by the ITT effect of
Zon X (i.e. the ITT effect of randomised
group on the intervention actually
received). In other words, the ITT effect
of randomised group on the outcome is
inflated according to the level of
adherence with the randomly assigned
interventions in the ITT population.

For instance, if the ITT effect of
randomised group on the outcome was
estimated to be +2% as a risk difference,
95% of those in the CON group received
CON, 5% of those in the CON group
received EXP, 85% of those in the EXP
group received EXP, and 15% of those in
the EXP group received CON, the
conventional IV estimator of CACE would
be:

v =2.5%

~0.85-10.05

The Cox proportional hazards model is
expressed in terms of the hazard
function, which is the probability of an
outcome occurring at a particular point
in time, given that it has not already
occurred. The hazard function consists of
the baseline hazard (the value of the
hazard function when all of the
covariates in the model are equal to
zero) and the coefficients, which
estimate the effects of the covariates.
The baseline hazard is able to vary over
time and it is assumed that each
covariate has a multiplicative effect on
the baseline hazard that is constant over
time (the proportional hazards
assumption). These multiplicative effects
are known as hazard ratios. The standard
formulation of the Cox model fixes the
values of the covariates to be constant
over time, but this extension of the
method allows the values of the
covariates to vary over time.

The approach described includes the
intervention actually received as the only
covariate in the model, the value of
which is allowed to vary over time for
each participant. If a participant was to
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Rank preserving
structural
failure time
model and G-
estimation

Let T; denote the observed survival time for
the i* participant and U; their survival time
that would have been observed if they
received no EXP. T; is assumed to be a
function of time on (Tyy,) and time off
(Torr;) EXP and T; related to U; by the causal
model:

Ui = Topr; + e Vo Ton,
e¥o is the amount by which expected

survival times are increased by EXP (the
acceleration factor). Due to randomisation,

U; is assumed to be independent of trial arm.

Untreated event times are predicted for all
participants and the value of Y, that results
in equal untreated survival times in the
randomised groups identified (using G-
estimation). This value of 1, is used to
calculate adjusted survival times that would
have been observed had switching not
occurred.

switch from receiving CON to EXP, their
time at risk and outcome status prior to
the switch would be attributed to
receiving CON, whereas their time at risk
and outcome status following the switch
would be attributed to receiving EXP
(and vice versa). This allows us to
estimate the multiplicative effect of
receiving EXP compared with receiving
CON on the hazard of the outcome.

Rank preserving structural failure time
models are used to account for
treatment switching in randomised trials
with survival outcomes. The method
assumes that each participant’s
counterfactual event time (i.e. the time
to the event which would be observed if
they received no EXP) is equal to the
amount of time that they do not receive
EXP, plus the amount of time that they
receive EXP multiplied by the effect of
receiving EXP. Due to randomisation, we
expect the counterfactual event times to
be balanced between the randomised
groups (similar to the way that we
expect the distribution of participant
characteristics, such as age and sex, to
be balanced between the randomised
groups). The effect of receiving EXP is
estimated using each participant’s
observed times on and off EXP and then
trying different values for the effect of
receiving EXP until balance is achieved
on the counterfactual event times
between the randomised groups. This
iterative process is known as G-
estimation. The effect of receiving EXP
versus CON is expressed as the relative
amount by which average event times
are increased by EXP (known as the
acceleration factor). Therefore, an
acceleration factor >1 represents longer
event times (on average) when receiving
EXP and an acceleration factor <1
represents shorter event times (on
average) when receiving EXP. The
acceleration factor is used to calculate
adjusted event times that would have
been observed had switching not
occurred.

IV = instrumental variable; CON = control; EXP = experimental intervention; CACE = complier average causal effect; ITT =

intention-to-treat.
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Table A3. Comparison of non-inferiority conclusions from results papers applying statistical methods of interest versus an alternate approach

Reference

Method of interest

Was method of interest applied in

primary or sensitivity analysis?

Alternate analyses performed

Comparison of non-
inferiority conclusions

Geldsetzer et al. 2018

Huang et al. 20182

Beaver et al. 20173

Kitchener et al. 2006*

Halpern et al. 2020°

Butler et al. 2019°

Bilimoria et al. 20167

IV approach

IV approach

IV approach

IV approach

IV approach

IV approach

IV approach

Sensitivity

Sensitivity. Applied to PP analysis
(patients for whom the trial
intervention was achieved at all

time points).
Primary

Sensitivity

Sensitivity

Primary

Sensitivity

ITT (primary analysis, all
randomised patients)
ITT (primary analysis, not defined)

ITT (not defined), PP (those who
had their first post-randomisation
appointment in line with the
randomisation), and AT (not
defined)

ITT (primary analysis, not defined)

mITT (primary analysis, those who
were randomised, were not
subsequently found to be
ineligible, and did not withdraw
consent)

mITT (those who had undergone
randomisation and had available
outcome data, regardless of
protocol deviations or the
intervention they received)

ITT (primary analysis, not defined),
PP (limited to adherent programs),
and AT (which assessed actual
exposure to policy change)

Different measures of
effect

Consistent — both
concluded non-inferiority

Consistent — all
concluded non-inferiority

Consistent — both
concluded non-inferiority
Different measures of
effect

Consistent — both
concluded non-inferiority

Different measures of
effect

Dodd M, et al. BMJ Open 2022; 12:€052656. doi: 10.1136/bmjopen-2021-052656



Supplemental material

BMJ Publishinchrou
pl

ed on this supp!

LimitedFBMeg? disclaims al liability and responsibility arising from any reliance
emental materia which has been supplied by the author(s)

BMJ Open

Reference

Method of interest

Was method of interest applied in
primary or sensitivity analysis?

Alternate analyses performed

Comparison of non-
inferiority conclusions

Rimoin et al. 20118

Hahn et al. 2019°

Dignass et al. 2009%°

Brunori et al. 2007

Flum et al. 2020"?

Adjustment for
observed adherence

Adherence modelled
as a time-varying
covariate in a time-
to-event analysis

Adherence modelled
as a time-varying
covariate in a time-
to-event analysis

Adherence modelled
as a time-varying
covariate in a time-
to-event analysis

Inverse-probability-
of-treatment
weighting

Not stated. Applied to ITT (all
randomised patients meeting the
inclusion and exclusion criteria) and
PP analyses (those who were
adherent and returned for the
follow-up visit).

Sensitivity

Sensitivity

Sensitivity

Sensitivity. Applied to PP analysis
(those adherent to the
randomisation assignment).

Unadjusted ITT and unadjusted PP

ITT (primary analysis, all
randomised patients according to
original group allocation) and PP
(excluded patients who did not
receive the assigned intervention)
ITT (all randomised patients who
received some intervention and
had at least 1 post-baseline
efficacy assessment), PP1 (those
who dropped out of the study
censored at the time of dropout)
and PP2 (excluded dropouts)

ITT (patients were considered part
of the diet group even after a
switch to dialysis) and PP (diet
group patients were censored
when switched to dialysis)

ITT (primary analysis, not defined)

Consistent — all adjusted
analyses resulted in the
same conclusions as the
corresponding
unadjusted analyses

Different measures of
effect

Results not provided in
full

Different measures of
effect

Consistent — both
concluded non-inferiority

CACE = complier average causal effect; IV = instrumental variable; ITT = intention-to-treat; PP = per-protocol; AT = as-treated; mITT = modified intention-to-treat.
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