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 Loss to follow-up is often hard to avoid in 
randomised trials. This article suggests a 
framework for intention to treat analysis 
that depends on making plausible 
assumptions about the missing data and 
including all participants in sensitivity 
analyses 

 Strategy for intention to treat analysis in randomised trials 
with missing outcome data 

   Ian R   White  , 1    Nicholas J   Horton  , 2    James   Carpenter  , 3          Stuart J   Pocock   3  

 The intention to treat principle requires all participants in 
a clinical trial to be included in the analysis in the groups 
to which they were randomised, regardless of any depar-
tures from randomised treatment. 1  This principle is a key 
defence against bias, since participants who depart from 
randomised treatment are usually a non-random subset 
whose exclusion can lead to serious selection bias. 2  

 However, it is unclear how to apply the intention to treat 
principle when investigators are unable to follow up all 
randomised participants. Filling in (imputing) the miss-
ing values is often seen as the only alternative to omitting 
participants from the analysis. 3  In particular, imputing by 
“last observation carried forward” is widely used, 4  but this 
approach has serious drawbacks. 3  For example, last obser-
vation carried forward was applied in a recent trial of a 
novel drug treatment in Alzheimer’s disease. 5  The analysis 
was criticised because it eff ectively assumed that loss to fol-
low-up halts disease progression, 6  but the authors argued 
that their analysis was in fact conservative. 7  Increasingly, 
trialists are expected to justify their handling of missing 
data and not simply rely on techniques that have been used 
in other clinical contexts. 8  

 To guide investigators dealing with these tricky issues, 
we propose a four point framework for dealing with incom-
plete observations (box). Our aim is not to describe spe-
cifi c methods for analysing missing data, since these are 
described elsewhere, 9    10  but to provide the framework 
within which methods can be chosen and implemented. 
We argue that all observed data should be included in the 
analysis, but undue focus on including all randomised par-
ticipants can be unhelpful because participants with no 
post-randomisation data can contribute to the results only 
through untestable assumptions. The key issue is therefore 
not how to include all participants but what assumptions 
about the missing data are most plausibly correct, and how 
to perform appropriate analyses based on these assump-
tions. We now expand on these four points. 

 Attempt to follow up all randomised participants 

  Following up participants who withdraw from ran-
domised treatment can be difficult but is important 
because they may diff er systematically from those who 
remain on treatment. A trial that does not attempt to fol-
low participants after treatment withdrawal cannot claim 
to follow the intention to treat principle. 

 Perform a plausible main analysis 

 When data are incomplete, all statistical analyses make 
untestable assumptions. The main analysis should be 
chosen to be valid under a plausible assumption about 
the missing data. For example, in the trial in Alzheimer’s 
disease, consider a group of participants who are lost to 
follow-up between 6 and 12 months and a group of partic-
ipants whose outcomes up to 6 months are similar to the 
fi rst group’s but who are followed at least to 12 months. 
It may be reasonable to assume in the main analysis that 
these two groups have similar changes on average from 
6 to 12 months—a “missing at random” assumption, 
under which an analysis of all observed outcome data, 
with adjustment for selected covariates, is appropriate. A 
similar assumption underlies standard analyses of time 
to event data. 

 Possible analysis methods under a “missing at ran-
dom” assumption include multiple imputation, inverse 
probability weighting, and mixed models. These methods, 
and other methods whose assumptions are less clear, are 
reviewed elsewhere. 9    10  

 Assumptions about the missing data can often be sup-
ported by collecting and reporting suitable information. 
For example, “missing at random” is often plausible if the 
reason for most missing data is shown to be administra-
tive error but implausible if the reason is undocumented 
disease progression. 

 Strategy for intention to treat analysis with incomplete 
observations 

 1 Attempt to follow up all randomised participants, even if 
they withdraw from allocated treatment 

 2 Perform a main analysis of all observed data that are 
valid under a plausible assumption about the missing 
data 

 3 Perform sensitivity analyses to explore the effect of 
departures from the assumption made in the main analysis 

 4 Account for all randomised participants, at least in the 
sensitivity analyses 
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 Perform sensitivity analyses 

 Good sensitivity analyses directly explore the eff ect of depar-
tures from the assumption made in the main analysis. 11  For 
example, if the main analysis assumes similarity between 
groups who are and are not lost to follow-up, a good sensi-
tivity analysis might assume that the group who are lost to 
follow-up have systematically worse outcomes. A clinically 
plausible amount could be added to or subtracted from 
imputed outcomes, possibly using a technique such as mul-
tiple imputation. 9  Conversely, analysts could report how large 
an amount should be added to or subtracted from imputed 
outcomes without changing the clinical interpretation of the 
trial. With a small proportion of missing binary outcomes, 
best and worst case analyses may be appropriate. 12  

 Results of the sensitivity analyses should be concisely 
reported in a paper’s abstract, saying, for example, whether 
the signifi cance of the main analysis was maintained in all 
sensitivity analyses or was changed in a limited or large 
number of sensitivity analyses. 

 Account for all randomised participants in the sensitivity 

analyses 

 When sensitivity analyses are carried out in this way, they 
should account for all randomised participants. For exam-
ple, if a sensitivity analysis assumes a systematic diff erence 
between missing and observed values, then its results directly 
depend on the extent of missing data in the two trial arms. 

 Example of strategy in action 

 We illustrate the proposed strategy for intention to treat 
analysis using a recent trial comparing four doses of a new 
drug for obesity with two control groups. 13  Participants had 
nine planned visits over 20 weeks. The trial report suggests 
that participants who withdrew from trial treatment were 
followed up (point 1 of our proposed strategy). The primary 
analysis (point 2) used last observation carried forward in a 
“modifi ed intention to treat” population that excluded three 
participants with no post-randomisation measures. A sen-
sitivity analysis used repeated measures and thus assumed 
the data were missing at random. Since the main analysis 
implicitly assumes that participants neither gained nor 
lost weight on average after loss to follow-up, more direct 
approaches to sensitivity analysis are preferable. The fi g-
ure shows our proposals for a hypothetical participant who 
attends only four of the nine visits (solid line). The red bro-
ken line shows the imputed value under last observation 
carried forward, the study authors’ main analysis, while the 
other lines show three sensitivity analyses (point 3): sensi-
tivity 1 shows the imputed value assuming that participants 
lost to follow-up returned to their baseline weight 14 ; sensi-
tivity 2 assumes they regained 50% of their lost weight; and 
sensitivity 3 assumes a larger fraction of the lost weight was 
regained in the intervention group. 15  Participants with no 
post-randomisation measures could be included in these 
analyses by making similar assumptions about their weight 
gain (point 4). 

 Discussion 

 The ideal solution to the problems discussed here is to 
avoid missing data altogether. This is rarely practical, but 
missing data can be minimised by careful design and trial 

management, 10  and in particular by attempting to follow 
up all participants. 

 The obesity trial illustrated our strategy applied to 
a trial with a repeatedly measured outcome. Analysis 
choices are more limited in trials with a singly meas-
ured outcome. In trials with time to event outcomes, an 
analysis that includes all randomised participants with 
censoring at the point of loss to follow-up is generally 
acceptable, but possible biases from informative cen-
soring should be considered. In general, primary and 
sensitivity analyses should be specifi ed in detail, ideally 
in the registered trial protocol and certainly before the 
unblinded data are seen, as a defence against claims of 
data driven changes to the analysis. 16  

 Some argue for conservative analyses. 17  However, 
methods that are conservative in some settings may not 
be conservative in others. For example, last observation 
carried forward is often claimed to be conservative, but 
it can be biased in favour of a new treatment. 18  We have 
instead suggested that authors should make their most 
plausible assumptions the basis for their primary analysis 
and then provide conservatism by assessing sensitivity to 
departures from those assumptions. 

 Our proposed analysis strategy conforms to the inten-
tion to treat principle in the presence of missing outcomes 
and clarifies uncertainty regarding its application. It 
acknowledges the uncertainty introduced by missing data 
and therefore gives investigators an added incentive to 
minimise the extent of missing data. 19  Such guidelines 
are needed given the importance placed on intention to 
treat analyses and the ubiquity of missing data in real 
world clinical trials. 
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 Fig 1 | Possible ways to impute outcome measures at visit 9 
for a hypothetical participant in the obesity trial who drops 
out after visit 4: main analysis (last value brought forward) 
and three sensitivity analyses (1 assumes participants lost to 
follow-up return to baseline weight; 2 assumes 50% of weight 
regained, and 3 assumes intervention group regains a greater 
proportion of weight than controls) 
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 We were a diverse group, from all over the country, 
pursuing diff erent medical specialties—radiology, 
anaesthesia, dermatology, pain management and 
rehabilitation, ophthalmology, neurology—but united by 
the requirement of an intern year and the opportunity to 
enjoy, transiently, life in the big city, New York. What we 
didn’t know was that we would also have to mourn the 
death of our hospital. 

 I could easily wax poetic on the hospital’s brilliant 160 
year history, complete with roles in the  Titanic  and 9/11 
disasters, to being the home of the fi rst cardiac critical 
care unit in the United States and a world renowned HIV 
clinic, to having “detoxed” Dylan Thomas, and giving Edna 
St Vincent Millay her distinct name among many other 
achievements. 

 But to me, and to all of us, St Vincent’s was much more 
than that. The hospital symbolised the foundation of our 
clinical transition into fully fl edged physicians. St Vincent’s 
was the chronic sleep deprivation, the bloods drawn at 
midnight, the endless rounds, the chest pain (mine and the 
patients), the sign-outs on wrinkled paper, the running to 
codes and automatically feeling for a pulse, the ventilator 
patients and their constant need for suctioning, the brief 
moments of sanity, the need for a caff eine infusion, the 
haunted call rooms, the hyperkalaemia, the hypokalaemia, 
the endless pages from the dreaded geriatric ward, the 
diffi  cult patients, the good patients, the test of our patience. 
It was learning “old school” medicine, where, even as 
interns, we were truly the frontline of patient care. We had 
to dive right in to even the most precarious situations. 

 It was also watching the decline of the hospital. For 
years, there were rumours of the hospital closing, but it 
never seemed like a serious consideration. In January, it 
was announced that the institution was closing, and all 
of us held out hope that it would at least be bought by 
another healthcare system instead of being bulldozed for its 
prime real estate. Over the next four months, we saw staff  
dissipate, from the level headed ward clerks to the sassy yet 
competent nurses and formidable case managers, all while 
patient fl ow remained at its normal, chaotic pace. We had to 
take on even more responsibility, particularly bureaucratic 

work, and we felt burdened by the fear of losing our fi rst 
jobs as physicians. Finally, on 30 April 2010 we helplessly 
watched the fi nal debacle unfold: the healthcare system 
failed us and the hospital closed its doors for good. 

 With that, we learnt about the awful politics and 
business of healthcare, about enrolling in unemployment 
as fresh faced doctors, and we witnessed the strength of the 
human spirit through the rallies held to keep the hospital 
alive, the camaraderie of the house staff , the patients who 
supported us, the community that housed us. 

 As in most eulogies, I must also remark that the legacy 
of St Vincent’s lives on, through the grateful patients 
who fondly remember their experiences there and leave 
memorials at the site, to the staff  who moved on and 
bring their special “Vinnie’s” brand of expertise to other 
institutions, and to the physicians, like myself, who will 
wear St Vincent’s forever on their sleeves and continue 
to perpetuate its traditions and joie de vivre through the 
training of others. 

   Kelly KyungHwa   Park    clinical research fellow, Department of 

Dermatology, University of California, San Francisco, USA  

 kyunghwamd@gmail.com  

 This is dedicated to the memory of Dr Margaret Smith, 

beloved programme director and senior associate dean at New York 

Medical College. 
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