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ABSTRACT

OBJECTIVE

To examine whether deviation from the standard
intention to treat analysis has an influence on
treatment effect estimates of randomised trials.

DESIGN
Meta-epidemiological study.

DATA SOURCES

Medline, via PubMed, searched between 2006 and
2010; 43 systematic reviews of interventions and 310
randomised trials were included.

ELIGIBILITY CRITERIA FOR SELECTING STUDIES

From each year searched, random selection of 5% of
intervention reviews with a meta-analysis that
included at least one trial that deviated from the
standard intention to treat approach. Basic
characteristics of the systematic reviews and
randomised trials were extracted. Information on the
reporting of intention to treat analysis, outcome data,
risk of bias items, post-randomisation exclusions, and
funding were extracted from each trial. Trials were
classified as: ITT (reporting the standard intention to
treat approach), mITT (reporting a deviation from the
standard approach), and no ITT (reporting no
approach). Within each meta-analysis, treatment
effects were compared between mITT and ITT trials,
and between mITT and no ITT trials. The ratio of odds
ratios was calculated (value <1indicated larger
treatment effects in mITT trials than in other trial
categories).

RESULTS

50 meta-analyses and 322 comparisons of randomised
trials (from 84 ITT trials, 118 mITT trials, and 108 no ITT
trials; 12 trials contributed twice to the analysis) were
examined. Compared with ITT trials, mITT trials showed
a larger intervention effect (pooled ratio of odds ratios

WHAT IS ALREADY KNOWN ON THIS TOPIC

medical literature

The publication of randomised trials that report deviations from the intention to
treat approach or report a modified approach has become more common in the

Reporting of deviations is significantly associated with post-randomisation
exclusions, funding, and authors’ conflicts of interest

An increase in significant results has been reported among trials that have deviated
from the intention to treat approach, but no evidence exists to indicate whether
such trials overestimate the treatment effect

WHAT THIS STUDY ADDS

Trials that deviate from the intention to treat approach overestimate the treatment
effect of meta-analyses compared with those trials that report a standard approach
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0.83 (95% confidence interval 0.71to 0.96), P=0.01;
between meta-analyses variance 12=0.13).
Adjustments for sample size, type of centre, funding,
items of risk of bias, post-randomisation exclusions,
and variance of log odds ratio yielded consistent
results (0.80 (0.69 to 0.94), P=0.005; 12=0.08). After
exclusion of five influential studies, results remained
consistent (0.85 (0.75 to 0.98); 12=0.08). The
comparison between mITT trials and no ITT trials
showed no statistical difference between the two
groups (adjusted ratio of odds ratios 0.92 (0.70 to
1.23); 12=0.57).

CONCLUSIONS

Trials that deviated from the intention to treat
analysis showed larger intervention effects than
trials that reported the standard approach. Where
an intention to treat analysis is impossible to
perform, authors should clearly report who is
included in the analysis and attempt to perform
multiple imputations.

Introduction

Post-randomisation exclusions occur in most ran-
domised trials and generally are ascribed to missing
data or deviation from protocol. In the case of missing
data, the outcome of interest is generally unknown and
the application of a true intention to treat approach—
that is, analysing patients according to their original
allocation—becomes impractical.! Deviations from
protocol can occur because of several reasons. Patients
did not receive the intended treatment, were mistak-
enly enrolled, were randomised before information on
eligibility was obtained and therefore became ineligi-
ble, or died or developed the outcome of interest before
receiving treatment. In this case, strictly speaking, the
outcome of interest should be known and the intention
to treat approach can still be applied, although Fergus-
son and colleagues suggest that these exclusions are
appropriate.?

When managing missing data or deviations from
protocol, trial authors may face difficulties and deviate
from the intention to treat approach, potentially dis-
rupting the prognostic balance among treatment allo-
cation groups.?* These difficulties can explain the
substantial increase of randomised trials that use a
modified intention to treat (mITT) approach in the
medical literature.® In an initial study, we found that of
475 trials using an mITT analysis, when the description
was examined, 40% reported one type of deviation
from the intention to treat approach and 55% reported
two or more types. In addition, these trials were char-
acterised by post-randomisation exclusions and
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funding from private enterprises. The prevalence of the
mITT approach has been reported as 0.6% of trials pub-
lished in 2000-06 in PubMed, and 4.9% of trials pub-
lished in 2000-06 in four highly cited general medical
journals. These proportions are certainly underesti-
mated, because trials that deviated from the intention
to treat approach but did not use the word “modified”
were not considered. As we have shown in a second
study, trials that deviated from an intention to treat
analysis, without specifically using the word “modi-
fied,” generated a higher than expected number of tri-
als (32 trials, in addition to 24 trials that used the word
“modified”).6

Given the preponderance of significant results among
the trials that have deviated from the intention to treat
approach,> we hypothesise that such trials overestimate
the treatment effect compared with those trials report-
ing standard intention to treat analysis independent
from the occurrence of exclusions.

Methods

Data sources and search strategy

To assess the impact of trials that deviate from a stan-
dard intention to treat analysis on the treatment effect
of any clinical condition, we used a meta-epidemiolog-
ical analysis, which is considered the most efficient
approach to assess bias.” A meta-epidemiological anal-
ysis is a statistical technique used to assess whether a
primary study characteristic can be a source of bias. It is
a collection of meta-analyses, in each of which the trials
are classified according to the presence of the charac-
teristic under consideration. The influence of inade-
quate allocation concealment, of the absence of
blinding, or of the presence of post-randomisation
exclusion has been investigated in meta-epidemiologi-
cal studies.”?

To identify the reviews of interest, we launched Mon-
tori’s highly specific search strategy in PubMed (Med-
line [title/abstract] OR (systematic[title/abstract] AND
review[title/abstract] OR meta-analysis[publication
type]).1° From each year searched between 2006 and
2010, we randomly selected 5% of the records.

Study selection

Process of systematic review selection

We analysed only systematic reviews of therapeutic or
preventive interventions, with at least one meta-analysis
with categorical data, each containing at least two
randomised trials of which at least one had to report a
deviation from the intention to treat approach. Reviews
with meta-analyses that included only trials using a
deviation were excluded. We also excluded intervention
reviews with head to head comparison trials, because
experimental and control interventions could not be
ascertained. Diagnostic, prognostic, epidemiological,
and cost-effectiveness studies; animal studies; and
reviews with meta-analyses of cluster or crossover trials
were excluded. We excluded non-English language
reviews. Pairs of investigators independently assessed
relevant reviews for eligibility. Disagreement was
resolved by discussion.
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Data extraction and quality assessment

We developed two separate data collection forms for
systematic reviews and randomised trials, by testing
them on a random sample of three systematic reviews
(with 20 randomised trials) that were not included in
the final analyses.!' 1213

Systematic reviews

From each systematic review, the following information
was retrieved: the journal in which the study was pub-
lished, publication year, clinical area of interest, type of
intervention in the experimental and control groups,
type of primary outcome, funding, and the author’s
conflict of interest. The number of events, population,
primary outcome measure, and results of the meta-anal-
yses with its method of pooling (random or fixed effects
model) were recorded. When necessary, authors of the
systematic reviews were contacted to clarify uncertain-
ties or obtain unpublished full texts of primary studies.

Randomised trials

From each randomised trial, the following general
characteristics were collected: journal in which the
trial was published; year of publication; clinical area
investigated; number of patients allocated in each
arm, together with the number of events; funding
type; and conflict of interest of the author(s). Trials
were subsequently classified according to the type of
intervention (pharmacological or non-pharmacologi-
cal), the type of centre (single-centre or multicentre)
and the sample size.

For each primary outcome, the number of patients
allocated to the experimental and control groups and
the number of patients who experienced the outcome in
each group were extracted. In the case of multiple allo-
cations, we collected information on groups that were
included in the meta-analysis only. For outcomes
recorded at different times, the time point selected in
the meta-analysis was used. In the case of number dis-
crepancies between primary studies and meta-analy-
ses, the primary study numbers were analysed. For each
primary outcome, the number of post-randomisation
exclusions was collected for experimental and control
groups, wherever possible.

Pairs of reviewers independently extracted the data
and disagreement was resolved by discussion. When
necessary, authors of the randomised trials were con-
tacted to clarify uncertainties.

Classification of trials based on intention to treat
reporting
The classification based on intention to treat reporting
formed the basis of our assessment. The issue of inten-
tion to treat is often interlinked with the post-randomis-
ation exclusions. However, because exclusions are not
always reported in trials and sometimes it is not possible
to know their appropriateness, we classified trials using
three categories of reporting, without using the occur-
rence of exclusions for the purpose of classification:®
First, ITT trials reported the phrase “intention to
treat” with no apparent deviation in the description or

doi: 10.1136/bm;j.h2445 | BMJ2015;350:n2445 | thebmj
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trials that correctly described the intention to treat prin-
ciple. If a trial did not use the phrase but intended to
analyse the patient data according to the original allo-
cation of the patients, then it was classified in this cate-
gory. A trial that reported analysis based on both
standard and deviated approaches was classified in this
category.

Second, mITT trials explicitly used the term “modi-
fied intention to treat” or reported a deviation from the
intention to treat approach.¢ The number and type of
deviations were retrieved and deviations were classi-
fied as treatment related deviation, baseline assess-
ment related deviation, target condition related
deviation, and post-baseline assessment related devia-
tion. Third, “no ITT” trials did not refer any intention to
treat approach and did not fall into the previous two
categories.

To ensure uniform judgment of the reporting of inten-
tion to treat analyses, a pair of reviewers electronically
copied the description from each trial, allowing for
immediate availability and future reference. Both
reviewers performed this task independently and clas-
sified the trials. Disagreement was resolved by consen-
sus and, where necessary, by a third reviewer. This third
reviewer also had the task of re-evaluating the trials
that were classified as a no ITT trial.

Box 1 provides examples of real trials, classified
according to the type of intention to treat reporting. Box 2
gives examples of descriptions of deviations from the
intention to treat approach. A complete list of all the
included trials and their classification is available in
web appendix 1.

Post-randomisation exclusions

Post-randomisation exclusions in randomised trials
were carefully assessed by checking the results and the
tables, and taking into account the outcome of interest.
If there was no apparent exclusion, the trial was catego-
rised as “no exclusion.” If exclusions occurred, but
were not related to the outcome of interest, the trial was
categorised as “no exclusion.” Pairs of reviewers, who
were not involved in classifying trials based on the
intention to treat approach, independently extracted
data and, where available, copied the related text for
future reference. Discrepancies were resolved by dis-
cussion or by consulting a third reviewer.

Outcome of interest

We were interested in outcomes that were dichotomous.
If a review reported results for both continuous and
dichotomous outcomes, we selected the dichotomous
set. When the outcome of interest was reported as a sec-
ondary outcome, the review was excluded. If results for
more than one binary outcome were combined, we
selected the objective outcome (such as all cause mor-
tality or the data from a biological test, if reported).

Assessment of risk of bias of individual randomised
trials

We used the approach recommended by the Cochrane
Collaboration?8 to assess the risk of bias of individual
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primary studies for the following items: random
sequence generation, allocation concealment, blinding
of participants and personnel and blinding of the out-
come assessor, and incomplete outcome data (web
appendix 2). We were unable to evaluate selective out-
come reporting bias, since we obtained the study proto-
col for only 14 trials (web appendix 3). The risk of bias of
each item was rated as low, high, or unclear. Pairs of
reviewers independently extracted data, and resolved
any disagreements by discussion.

Funding sources

Information regarding the sources of funding for each
trial was extracted from the randomised trials by
reviewing the main body of the article, conflict of inter-
est section, information on funding (if present), and
acknowledgments section. Funding sources were
abstracted and categorised as follows: (1) not-for-profit
organisation; (2) for-profit agency; (3) co-financed, indi-
cating funding from both not-for-profit organisation(s)
and for-profit agency(s); (4) no funding; and (5) not
reported. The presence or absence of author conflicts of
interest was also determined, but since the results were
similar to the funding data, they are not presented to
avoid redundancy.

Data synthesis and analysis

Categorical variables were described by frequencies
and percentages, and quantitative variables with means
and standard deviations or medians and ranges. We
used the x coefficient to determine the degree of agree-
ment between reviewers. Agreement between reviewers
during the screening process and data abstraction was
high (x=0.96 for title and abstract screening, 0.87 for
full text screening, 0.90 for intention to treat classifica-
tion, and 0.86 for risk of bias assessment).

Meta-epidemiological analysis

Intervention effects were estimated using odds ratios.
We recoded outcome events so that an odds ratio less
than 1 indicated a positive or beneficial effect in favour
of the experimental intervention. To estimate differ-
ences in effect estimates between the three types of tri-
als, we performed a multivariable, multilevel
meta-epidemiological analysis following the approach
suggested by Siersma and colleagues.” Results are
expressed as the average ratio of odds ratios (ROR)—
that is, the ROR between mITT trials and ITT trials, and
the ROR between mITT trials and no ITT trials. An ROR
less than 1indicated a larger effect estimate in mITT tri-
als compared with ITT trials or no ITT trials. The hetero-
geneity across meta-analyses was measured with t?
(web appendix 4).

Heterogeneity assessment

A graphical method suggested by Baujat and col-
leagues® was proposed to identify studies that affect
heterogeneity or the meta-analytic odds ratio estimate.
The graphical approach also can be applied to identify
meta-analyses that affect heterogeneity or the meta-
analytical ROR estimate (web appendix 4).
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Box 1: Examples of randomised trials classified according to intention to treat reporting

ITT trials
Sparano™

“TTP (time to progression), TTF (time to treatment failure), PFS (progression free survival), and OS (overall
survival) were analyzed using the intent-to-treat population (all randomly assigned patients)”;

“ORR (objective response rate) was analyzed using the assessable population (all randomly assigned
patients who received at least one dose of study medication and who had at least one post-baseline tumor
assessment)”.

The primary outcome of interest of the systematic review' was progression free survival. The analysis described is
based on an intention to treat approach. A modified intention to treat approach was used to assess the objective
response rate, which was a secondary endpoint. Thus, this trial was classified as an ITT trial.

Hollander'®

“Analyses were performed on an intent-to-treat basis with the last observation carried forward. All 73 patients
enrolled were evaluated for efficacy, safety, and immunogenicity”.

The trial declared an intention to treat based analysis and indicated an imputation method for missing data.
No deviation was reported.

Thigpen"

“The primary treatment comparisons of benefit include all eligible patients, regardless of the amount of study
treatment received. Both eligible and ineligible patients are included in the analyses and compared by
treatment assignment when an intent-to-treat analysis is specifically indicated in this article. The summaries
of toxicity include all patients who received any study treatment; those who did not receive study treatment
are not included in these summaries”.

The trial declared an intention to treat analysis for the efficacy analysis.

Cameron'®

“To summarize the methods used in this report, the intent-to-treat (ITT) population, comprising all women
who underwent randomization, was used for all efficacy analyses. The safety population comprised all
randomized patients who received at least one treatment dose and was based on the actual treatment
received”.

The trial declared an intention to treat analysis for the efficacy analysis. The safety analysis was carried out based
according to the treatment received.

mliTT trials

Asakura®

“Efficacy and safety analyses were carried out on all patients who received at least one dose of the study
medication and for whom at least one valid post-baseline efficacy evaluation was obtained”.

Atwo type deviation (treatment related and post-baseline assessment related®) from the intention to treat approach
was described. Consequently, the study was classified as an mITT trial.

Karkkdinen20

“Data was analysed on a modified intention to treat (ITT) basis by retaining allocation to groups according to
randomization and by including all subjects in whom we had endpoint information”.

A modified intention to treat reporting trial, based on the presence of a post-baseline assessment related deviation.

No ITT trial
Pederzoli?!

“Statistical analysis was based on the U test.”

The authors provided no description of an intention to treat analysis or did not provide how to analyse data.

doi: 10.1136/bm;j.h2445 | BMJ2015;350:n2445 | thebmj
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Box 2: Examples of types of deviations from the intention to treat approach

The following examples of mITT trials illustrate different types of deviations® ©:

Treatment related deviation: any description that was related to the treatment,
independently of the dose. For example: “an intent-to-treat population defined as
all patients that took at least one dose of study medication”?? or “analyses
included all modified intent to treat patients: that is, all patients randomized to
treatment who took their assigned medication for 4 weeks or more”.?3

Baseline assessment related deviation: a participant was excluded from the
analysis in the absence of a baseline characteristic. For example: “An intent-to-treat
analysis included data from all patients who . . . had at least one baseline
evaluation”.?*

Target condition related deviation: investigators use a specific condition as a
recruitment criterion for their cohort of patients. For example, patients are required
to have a specific outcome at entry: “a surgically proven complicated intra-
abdominal infection”,? which is difficult to determine oris only suspected at
enrolment. In this case, investigators randomise patients, but when they are
subsequently found not to have the specific outcome, the investigators exclude
these patients from their analysis.

Post-baseline assessment related deviation: authors use the presence of a
post-baseline assessment to establish their analysis. For example: “All primary
analyses used the intent-to-treat (ITT) principle using data on each randomized
subject with at least 1 post-randomization measure”.2¢

Trials may fall into multiple categories depending on the number of deviations. For
example: “intention to treat population which is defined as all patients who
received the trial drug, provided baseline efficacy data, and from whom at least one
measurement after baseline was obtained”.?”

Adjusted analyses

To assess the robustness of our primary analysis, we
performed additional adjusted analyses to take into
account several potential confounding factors that
can influence the estimate of the treatment effect.
The confounders were identified from the medical
literature for which a meta-epidemiological assess-
ment was made: type of centre (single centre v multi-
centre) in which the trials were conducted,?! sample
size (quarters within each meta-analysis® and small v
big sample size3233), presence of post-randomisation
exclusions,® and items of the risk of bias tool (ran-
dom sequence generation and allocation conceal-
ment, blinding of participants and personnel,
blinding of outcome assessor, and incomplete out-
come data),? as well as the type of funding. For this
purpose, we performed a multivariable multilevel
meta-epidemiological analysis following the
approach suggested by Siersma and colleagues?
(web appendix 4). To control for publication bias, we
adjusted models for the variance of the log odds ratio
for each randomised trial, as suggested by Moreno
and colleagues.?

Subgroup analysis

Subgroup analyses included the type of intervention
(pharmacological v non-pharmacological), type of
intervention in the control group (placebo v non-pla-
cebo) and type of outcome (objective v subjective). We
did interaction tests to assess whether ROR estimates
varied by the type of intervention, use of placebo, and
type of outcome. Analyses were done by Stata/SE, ver-
sion 13 for Windows (StataCorp) with metan, metareg,
and mixed routines.

thelbmj | BMJ2015;350:h2445 | doi: 10.1136/bmj.h2445

Sensitivity analysis

To assess the robustness of our results, using a sensitiv-
ity analysis, we re-estimated differences in effect esti-
mates (1) between mITT trials versus ITT trials or no ITT
trials; and (2) between mITT trials and the combined
results of ITT trials and no ITT trials. We used a two
step, meta-epidemiological approach described by
Sterne and colleagues.” In the first step, we performed a
metaregression for each meta-analysis, estimating the
ROR. In the second step, we meta-analysed the result-
ing ROR and the 95% confidence interval among
meta-analyses using a DerSimonian and Laird random
effects model (web appendix 4).

Patient involvement
There was no patient involvement in this study.

Results

Figure 1 describes the screening process for both sys-
tematic reviews and randomised trials. We identified 43
reviews with categorical data with 310 trials for analy-
sis. Web appendix 5 lists excluded reviews and excluded
trials with reasons.

Characteristics of the included reviews

Web appendix 6 shows characteristics of the selected
reviews with meta-analyses.? 3¢-77 The median num-
ber of trials per meta-analysis was seven (range 2-22)
and the median number of participants per
meta-analysis was 1269 (range 209-365 368). None of
the meta-analyses evaluated a non-pharmacological
intervention. The outcomes were judged objective in
19 (38%) of the meta-analyses, whereas in 34 (68%),
the experimental intervention was compared with
a placebo control. Pooled odds ratios from individ-
ual random-effects meta-analyses ranged from
0.15 to 1.25. In 49 meta-analyses (98%), the experi-
mental intervention had an effect, but only 30 (60%)
of these were significant. Thirty four (68%) of the
meta-analyses showed substantial heterogeneity
(12>50%).

Characteristics of ITT trials, mITT trials, and no ITT
trials
Of 310 primary studies included in the final analyses, 84
(27%) were categorised as ITT trials, 118 (38%) as mITT tri-
als, and 108 (35%) as no ITT trials. The studies were pub-
lished between 1970 and 2009. The three categories of
trials differed in terms of several variables. Compared with
ITT trials, mITT trials were more likely to report post-ran-
domisation exclusions (cluster weighted x2, P=0.03), have
high or unclear incomplete outcome data (P=0.03), and
receive funding from private enterprises (P=0.02).
Compared with no ITT trials, mITT trials were more
likely to be multicentre studies (cluster weighted 2,
P<0.001), report post-randomisation exclusions
(P=0.03), report sample size calculation (P<0.001),
and receive funding from private enterprises
(P<0.001). Year of publication was more recent for
mlITT trials than for no ITT trials: 79 (67%) mITT trials
were published between 2001 and 2009 compared
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Records selected abstracts 2006-10 (n=2245)
Excluded on basis of title and abstract (1=1830)
Articles analysed in full text (n=415)

Articles excluded on basis of full text evaluation (n=187):

No meta-analyses performed or meta-analysis did not include trials or included <2 trials (n=122)

Observational, narrative studies, health technology assessment report (n=43)
No clinical trials included (n=10)

Not publications in English language (n=6)

Reviews of crossover or subgroup analysis or adverse events trials (n=3)
Guidelines reviews (n=2)

Duplicate articles (n=1)

Reviews of interventions included (n=228)
Reviews without randomised mITT trials (n=149)
Reviews with at least 1 randomised mITT trial using included in meta-analysis (n=79)

Reviews excluded (n=36):
Continuous data (n=19)
Adverse events (n=4)
Secondary outcome (n=3)
Randomised mITT trial did not contribute to a meta-analysis (n=2)
All randomised trials using mITT approach (n=3)
Head to head comparison trial (n=1)
Methodological study (placebo response) (n=1)
Not intervention study (n=1)
Randomised trials not using mITT approach (n=1)
Secondary analysis (n=1)

Reviews included for analysis (n=43)

|

Randomised trials identified (n=330)

Randomised trials that did not contribute to analysis (n=20):
Abstract (n=8)
Unpublished studies (n=6)
Not publications in the English language (n=2)
Data not available (n=4)

Randomised trials contributing to analysis (n=310)

Fig 1| Study screening process

with 34 (31%) no ITT trials (for trend, P<0.001). Studies
classified as no ITT trials had a smaller sample size
(median=83) than those classified as mITT trials (252)
and ITT trials (272). The table shows the characteris-
tics of included trials.

Types of deviation in mITT trials

Overall, of 118 trials classified as mITT, seven explicitly
reported the intention to treat approach as “modified,”
and 111 described analyses of outcome data that devi-
ated from a true intention to treat approach and thus
were categorised as mITT trials. Sixty three (53%) trials
reported one type of mITT deviation, and 55 (47%)
reported more than one type of mITT deviation. In
detail, 89 (75%) trials reported treatment related devia-
tions (of which 47 had additional deviations); 56 (47%)
reported a post-baseline assessment related deviation
(of which 42 had at least one additional deviation); 22
(19%) reported a baseline assessment related deviation
(of which 21 had at least one other type of deviation);
and 15 (13%) used a target condition for the mITT devi-
ation. Two (2%) trials with a protocol deviation did not

RESEARCH

fall into any of the previous categories and were classi-
fied as “others.”

Estimate of the treatment effect among ITT trials,
mlTT trials, and no ITT trials

The 43 reviews provided 50 meta-analyses. Twelve
trials contributed twice to the analyses; therefore,
there were 322 comparisons in total. The treatment
effect of mITT trials with respect to ITT trials was
inflated by 17% (unadjusted ROR 0.83, 95% confi-
dence interval 0.71 to 0.97; P=0.01; fig 2), with moder-
ate variance between meta-analyses (12=0.13). After
adjusting the comparison for use of placebo, sample
size, type of centre, items of risk of bias, post-rando-
misation exclusions, funding, and publication bias,
the ROR was 0.80 (0.69 to 0.94; P=0.005; 12=0.08).
The comparison between mITT trials and no ITT trials
provided an ROR of 1.00 (0.75 to 1.33; P=0.99; 1>=0.57;
fig 2). This result changed after adjusting for poten-
tial confounders, but remained non-significant (0.92,
0.70 to 1.23).

Effect of heterogeneity

In a sensitivity analysis, we excluded five meta-analy-
ses!s 47 62 63 76 that accounted for the most heterogeneity
between the mITT and ITT trials comparison (fig 3). The
results remained consistent, and we saw a reduction in
the between meta-analyses variance (1?=0.08). The ROR
between mITT and ITT trials, after excluding the
meta-analyses, was 0.85 (95% confidence interval 0.75
to 0.98).

In the comparison between mITT trials and no ITT
trials, we excluded seven studies* 47 49 62 63 65 that con-
tributed the most heterogeneity (fig 3). The between
meta-analyses variance was 0.29, and the treatment
effect between trial categories remained unchanged
(ROR 1.21 (95% confidence interval 0.76 to 1.12)).

Subgroup analyses

For 19 meta-analyses assessing objective outcomes, the
ROR between mITT trials and ITT trials was 0.80 (95%
confidence interval 0.60 to 1.06; 12=0.18). For 31
meta-analyses assessing subjective outcomes, the cor-
responding result was 0.84 (0.70 to 1.01; 12=0.11). The
interaction between the type of outcome and the differ-
ence between estimated treatment effect was not signif-
icant (P=0.96). For 34 meta-analyses of trials using a
placebo, the ROR between mITT trials and ITT trials was
0.81 (95% confidence interval 0.82 to 1.00; 1%=0.12). For
16 meta-analyses not using placebo, the corresponding
results was 0.87 (0.69 to 1.08; t>=0.12). The interaction
between the use of placebo (or not) and the difference
between the estimated treatment effect was not signifi-
cant (P=0.99).

Sensitivity analyses

Using the two step meta-epidemiological approach, we
did sensitivity analyses on three comparisons. First, the
estimate of the treatment effect was larger in mITT trials
than in ITT trials (31 meta-analyses; ROR 0.84 (95% con-
fidence interval 0.74 to 0.95, P=0.006); heterogeneity,

doi: 10.1136/bm;j.h2445 | BMJ2015;350:n2445 | thebmj

yBuAdoo Aq parosiold 1senb Ag 20z 1dy §T uo /wod g mmmy/:diy woiy papeojumod "STOZ AeIN 22 UO Shizy fwa/oeTT 0T Se paysignd 11y :CINg


http://www.bmj.com/

RESEARCH

Characteristics of included randomised trials

Trials classified according to intention to treat category

ITT trials mliTT trials No ITT trials
Characteristic (n=84) (n=118) (n=108)
Year of publication
1970-94 7 (8) 7 (6) 53 (49)
1995-2000 30 (36) 32(27) 21 (19)
2001-04 22 (26) 36 (31) 20 (19)
2005-09 25 (30) 43 (36) 14 (13)
Sample size
Median (IQR) 272 (128-459) 252 (146-438) 83 (53-211)
No of allocated patients*
>200 63 (75) 85 (72) 71 (66)
<200 21 (25) 33 (28) 37 (34)
Sample size calculation
Described 48 (57) 73 (62) 28 (26)
Not described 36 (43) 45 (38) 80 (74)
Use of placebo
No 35 (42) 46 (39) 37 (34)
Yes 49 (58) 72 (61) 71 (66)
Type of centre
Multicentre 69 (82) 111 (94) 60 (56)
Single centre 15 (18) 7 (6) 47 (44)
Use of flowchart
No 55 (65) 67 (57) 99 (92)
Yes 29 (35) 51 (43) 9®)
Post-randomisation exclusion*
No apparent exclusion 49 (56) 29 (24) 57 (51)
Exclusions 39 (44) 94 (76) 54 (49)
Proportion of post-randomisation exclusionst
Median (IQR) 4.2 (0.9-9.4) 3.4 (1.4-6.4) 7.4 (3.3-16.1)
Risk of bias
Sequence generation
Low risk 28 (33) 36 (31) 24 (22)
High risk 0 0 0
Unclear 56 (67) 82 (69) 84 (78)
Allocation concealment
Low risk 25 (30) 45 (38) 19 (18)
High risk 0 0 0
Unclear 59 (70) 73 (62) 89 (82)
Blinding of patients and personnel
Low risk 39 (46) 62 (53) 41 (38)
High risk 21 (25) 18 (15) 20 (19)
Unclear 24 (29) 38 (32) 47 (44)
Blinding of outcome assessor
Low risk 19 (23) 24 (20) 18 (17)
High risk 12 (14) 11 (9) 13(12)
Unclear 53 (63) 83 (70) 77 (71)
Incomplete outcome data
Low risk 39 (46) 32 (27) 32 (30)
High risk 5 (6) 30 (25) 24 (22)
Unclear 40 (48) 56 (47) 52 (48)
Funding source
Not funded or public funding 11(13) 20 12(11)
Co-financed 9 (1) 9(8) 8(7)
For-profit funding 53 (63) 87 (74) 36 (33)
Not reported 11(13) 20 (17) 52 (48)

Data are no (%) of trials, unless otherwise specified. IQR=interquartile range.
*Numbers and percentages are based on number of comparisons (n=322). Thus, exclusions and sample sizes

might change owing to trials that contributed twice in the analyses.

tCalculation done within trials that performed exclusions.
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12=0%, P=0.51; 1>=0.00), corroborating results of the pri-
mary analysis (fig 4). The second comparison between
mlITT trials and no ITT trials also provided similar
results to the primary analysis (28; 0.98 (0.79 to 1.23,
P=0.9); 1>=31%, P=0.10; 1>=0.099).

Figure 5 shows the third comparison, between the
odds ratio of mITT trials and the combined odds ratios
of ITT trials and no ITT trials (45 meta-analyses; ROR
0.90 (95% confidence interval 0.79 to 1.02, P=0.08);
moderate heterogeneity (12=27%; P=0.05); 12=0.05).
Using the approach by Baujat and colleagues,® we
identified six influential studies* 62 63 65 66 that
accounted for most of the heterogeneity (fig 6). After
excluding these trials, the ROR was 0.92 (0.82 to 1.02),
P<0.08; 1>=9.2%, P=0.3; 12=0.01).

Discussion

Summary of findings

In this meta-epidemiological analysis, we compared the
estimated treatment effect of 50 meta-analyses based
on the description (reporting) of the intention to treat
approach of 310 trials, comprising 322 comparisons. We
found that in meta-analyses of trials that deviated from
the intention to treat reporting, the treatment effect
increased significantly. Our results remained consis-
tent, after adjustment for risk of bias items, post-rando-
misation exclusions, and other potential sources of bias
(such as sample size, type of centre, funding, and pub-
lication bias).

Strength and limitations

The current results are consistent with those of our
previous meta-epidemiological assessment of the
impact of modified intention to treat reporting, pre-
sented at the Cochrane Colloquium in 2009 in Singa-
pore.’® In that study, we assessed 355 trials and found
that mITT trials overestimated the treatment effect by
18% compared with ITT trials (ROR 0.82 (95% confi-
dence interval 0.72 to 0.96)).

The 2009 investigation had two principal limita-
tions. First, the identified meta-analyses were limited
to trials of specific interventions, such as treatment
with antibiotics and cyclo-oxygenase-2 inhibitors. Sec-
ond, we included trials that deviated from the inten-
tion to treat analysis without using the word
“modified” as an inclusion criterion. To overcome
these limitations and increase the generalisability of
these findings, we decided not to limit the search to
specific interventions and considered any type of devi-
ation. Hence, the present study’s main strength is that
the results are based on the analysis of randomly
selected reviews published over a five year period, rep-
resenting a variety of medical conditions, and cover-
ing any deviation from the intention to treat reporting.

We acknowledge some limitations of our current
study. First, our categorisation of trials was based on
the authors’ reporting. In addition, the classification of
ITT trials was independent of the presence or absence
of post-randomisation exclusions, hence we cannot
claim that all the ITT trials actually followed a strict
intention to treat analysis. Furthermore, mITT trials do
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Blinding outcome assessor

Incomplete outcome data

Funding

Variance of log odds ratio

Comparison Ratio of odds Ratio of odds
ratios (95% Cl) ratios (95% CI)
mITT v ITT —i— 0.83(0.71t00.97)
mITT v no ITT — 1.00 (0.75t0 1.33)
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mITTvno ITT R 1.01 (0.76 t0 1.34)
mITT v ITT —i— 0.82 (0.70 t0 0.96)
mITTvno ITT e L 1.03 (0.78 to 1.35)
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mITT v ITT —— 0.81 (0.71t0 0.93)
mITT vno ITT _— 1.01 (0.76 to 1.34)
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Fig 2 | Differences in intervention effect estimates between mITT trials and ITT or no ITT
trials. Unadjusted and adjusted analyses are shown

not have a single agreed definition, and their categori-
sation was again based on the reported description.
Therefore, this classification was specific to our study.
However, a strength of this study was that it provided
an alternative approach to examine the bias related to

mITT trials v ITT trials
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Fig 3 | Influence of meta-analyses contributing most
heterogeneity in mITT vITT and mITT v no ITT trial comparisons

exclusions,? although we cannot claim that it exhaus-
tively deals with this issue.

Second, we only searched for articles in Medline, and
therefore our results cannot be generalised to reviews
that were published in other electronic databases. Third,
we only analysed trials with binary outcomes, thus our
results may not be applicable to trials with continuous
data. Fourth, the number of prepublication protocols
obtained was limited, and we cannot be sure whether
reporting of the intention to treat analysis might have
changed in the published study. Finally, our study was
based on published information, which is a limitation
common to other meta-epidemiological studies.

Deviation from the intention to treat analysis
Interpreting the use of deviation from intention to
treat

The emerging phenomenon of trials with deviations can
partly be attributed to the issue of missing data. Missing
data is a common problem in randomised trials.””
Experts report that participants with missing outcomes
cannot be included in the analysis unless their outcomes
are imputed.®° In other words, intention to treat is not
the best method to use; usually, the population analysed
is known as “available cases” or “complete case”®® and
the analysis known as “efficacy analysis.”®! In our sam-
ple, 56 (47%) mITT trials, which had missing data, were
those trials with a post-baseline assessment deviation.
Authors reported different types of terminology to define
their analysis such as “efficacy analysis”; or defined their
evaluated population as “patients evaluable for effi-
cacy,”® “intent-to-treat subset,”® or “population with
observed cases,”8 which may confuse readers.

Trial authors should be encouraged to explicitly state
that the intention to treat analysis cannot be performed
because of missing data and provide the analysis on
“available cases,” rather than use different nomencla-
tures to describe the intention to treat analysis or popu-
lation. Researchers have proposed the use of multiple
imputation as a general approach to deal with incom-
plete data.®> Multiple imputation may conform to an
intention to treat analysis trial,® although pitfalls and
limitations must be accounted for and sensitivity anal-
yses are strongly advocated.8° 8¢

A separate issue related to deviation from the inten-
tion to treat approach is deviation from protocol, in
which participants who did not adequately adhere to
the protocol are excluded. This type of analysis is
known as “per protocol,” which is particularly useful
for interpreting non-inferiority trials and, to some
extent, for analysing the adverse effects of treatments.
The reasons provided for deviation from protocol can be
related to the amount of the treatment received, absence
of a baseline assessment, or absence of a target specific
condition at enrolment. After exclusion of the mITT tri-
als with missing data in our study, 63 (53%) mITT trials
reported a protocol deviation in which authors per-
formed essentially a per protocol analysis.

A major issue arises if missing data and protocol devi-
ation coexist in the mITT description. Authors sometimes
do not provide a complete description of exclusions,
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Fig 4 | Differences in treatment effect between mITT trials and ITT trials using the two step
meta-epidemiological approach

creating difficulties for readers to make assumptions. In
42 (36%) of mITT trials in our study, there were descrip-
tions that could be related both to missing data and devi-
ation from protocol. In some circumstances, authors
reported clearly who deviated from protocol and were
missing from follow-up (for example, “Among the 227
patients included in the study, one patient on revision
was found not to fulfil the inclusion criteria and a further
three patients were lost to follow up. This left 223 patients
for intention to treat analysis”®"). However, in other
instances, no clear detail was provided (for example, ‘4
in the venlafaxine group, 1in the fluoxetine group, and 1
in the placebo group could not be included in the efficacy
analysis due to lack of efficacy assessments either at pre-
treatment or posttreatment”s8),

Post-randomisation exclusions and deviation from
the intention to treat approach

Based on descriptions of the deviations reported in
mlITT trials in our study, exclusions seem to be a natural
consequence of a deviation. However, 34 (28%) mITT

thelbmj | BMJ2015;350:h2445 | doi: 10.1136/bmj.h2445

trials in our study did not report exclusions, but at the
same time did not report absence of exclusions.

In our analysis, we decided not to use the occurrence
of exclusions to classify trials because a study may
declare an intention to treat approach but exclude
patients without transparently reporting those exclu-
sions,?’ leading to an evident misclassification. ITT tri-
als remained conservative in terms of the treatment
effect despite half of them reporting exclusions. One
possibility is that the exclusions performed by ITT trials
and mITT trials have different weights (impacts), and
exclusions in mITT trials exert a major influence on the
exaggerated estimate of the treatment effect in
meta-analyses. Further empirical evidence is needed to
clarify this issue, for example, by explicitly defining the
criteria to exclude patients and correlating these with
the type of intention to treat analysis.?®

Comparison with other studies

The bias related to trial analysis has been investigated
in different ways and the magnitude and direction of
the bias may vary depending on the clinical topic exam-
ined, definition of the exclusions, and methods used for
analysis.?%? In an analysis of individual patient data of
14 meta-analyses on cancer, Tierney and Stewart found
that the experimental intervention had a positive effect
when exclusions were performed, compared with the
effect measured when a true intention to treat analysis
was done.”! In a systematic review of randomised trials
that used both intention to treat and per protocol anal-
yses, Porta and colleagues found that, on average, per
protocol estimates were higher than intention to treat
estimates.?”> Similarly, Melander and colleagues
assessed placebo controlled trials of serotonin reuptake
inhibitors and found that drug treatment had a favour-
able effect when a per protocol analysis was used
instead of an intention to treat analysis.* More recently,
a meta-epidemiological study investigated the impact
of exclusions on 14 meta-analyses of osteoarthritis ran-
domised trials, and found that exclusion of patients
from the analysis of trials could bias the estimates of
treatment effects; however, the direction and magni-
tude of the bias were difficult to predict.®

Conclusion

Deviation from an intention to treat analysis in ran-
domised trials is a potential source of biased estimates
of treatment effects. Clinicians (and, by extension,
patients) should be cautious when interpreting results
from a modified intention to treat approach, or a devia-
tion from the intention to treat approach, as the sole
primary analysis. Trialists should also be aware that
deviation from intention to treat analysis could lead to
an overestimation of the treatment effect. Trialists
should explicitly report who is included in the analysis
as suggested by the CONSORT statement. Authors of
systematic reviews should routinely assess the report-
ing of the intention to treat analysis. In the case of devi-
ations and where possible, review authors should
perform a sensitivity analysis—with and without the
included mITT trials—when meta-analysing data.
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Fig 5| Differences in treatment effect between mITT trials and ITT/no ITT trials combined
using the two step meta-epidemiological approach

10

Finally, ethics committee members have a unique
opportunity, compared to other professionals, to detect
potential methodological flaws in study designs,
including the recognition of potential deviation from
the intention to treat analysis.
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