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A B S T R A C T   

For many years there has been a consensus among the Clinical Research community that ITT analysis represents 
the correct approach for the vast majority of trials. Recent worldwide regulatory guidance for pharmaceutical 
industry trials has allowed discussion of alternatives to the ITT approach to analysis; different treatment effects 
can be considered which may be more clinically meaningful and more relevant to patients and prescribers. 

The key concept is of a trial “estimand”, a precise description of the estimated treatment effect. The strategy 
chosen to account for patients who discontinue treatment or take alternative medications which are not part of 
the randomised treatment regimen are important determinants of this treatment effect. One strategy to account 
for these events is treatment policy, which corresponds to an ITT approach. Alternative equally valid strategies 
address what the treatment effect is if the patient actually takes the treatment or does not use specific alternative 
medication. There is no single right answer to which strategy is most appropriate, the solution depends on the 
key clinical question of interest. 

The estimands framework discussed in the new guidance has been particularly useful in the context of the 
current COVID-19 pandemic and has clarified what choices are available to account for the impact of COVID-19 
on clinical trials. Specifically, an ITT approach addresses a treatment effect that may not be generalisable beyond 
the current pandemic.   

1. Introduction 

Many statistical analyses of clinical trials are described simply as 
following the ITT principle. The ITT principle has sometimes been 
interpreted as referring only to the population to be studied (i.e. all 
randomised patients) but actually requires follow-up of all patients to 
the end of the planned study period and inclusion of all available data 
regardless of whether the patient completed randomised treatment or 
took alternative medication [1]. This strict interpretation, however, 
does not account for the diversity in the patient journeys since the start 
of the trial [2] and the potential impact that this may have on the 
interpretation of the findings. Per protocol analysis has sometimes been 
proposed as an alternative to ITT analysis; the role of Per Protocol 
analysis is discussed in section 4.2 below. 

2. Example trials in Diabetes and COPD 

To illustrate the issue, consider the following trial in type II diabetes 
mellitus where dapagliflozin was compared to placebo [3]. The primary 
endpoint was change in HbA1c from baseline to 24 weeks. Use of pla-
cebo was only considered ethical if patients who experienced lack of 
efficacy could receive rescue medication, and collection of HbA1c 
continued until the end of the trial, irrespective of whether rescue 
medication was received or not. The published analysis was performed 
using analysis of covariance with the baseline value as a covariate; the 
analysis excluded HbA1c data after initiation of rescue medication. 

However, such an analysis does not conform to the ITT principle of 
inclusion of all available data regardless of whether the patient complied 
with the requirements of the protocol. When the trial was submitted as 
evidence of efficacy for potential regulatory approval, the FDA reviewer 
at the licensing authority performed an alternative analysis using all 
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available data regardless of rescue [4,5]. 
This choice made in the statistical analysis had an impact on the 

corresponding magnitude of the effect (Table 1); the treatment benefit 
on HbA1c for dapagliflozin 10 mg compared to placebo in the absence of 
rescue medication was 0.66%, but the benefit regardless of use of rescue 
was 0.45% [4]. The lower treatment effect for dapagliflozin from the ITT 
analysis called into question the benefit of the medication as it appeared 
to indicate a lesser treatment effect than other approved agents at that 
time [6], although it is not completely clear what analysis strategy was 
used for these agents. 

This is not actually a statistical analysis issue; the disagreement is 
more fundamental. There are two different implied scientific questions 
which are being addressed:  

a) “what is the treatment effect if no rescue medication had been used?”  
b) “what is the treatment effect whether or not rescue medication is 

used?”. 

There is no right or wrong answer here, as one approach addresses 
the direct efficacy of dapagliflozin while the other approach assesses the 
policy of starting treatment with dapagliflozin with or without the use of 
rescue medication as required. Given these fundamentally different 
questions, it is not surprising that there were different estimates. This 
illustrates the importance of clarity on the clinical questions where are 
being addressed by the estimate. 

The treatment effects reported in trial publications are often far from 
clear. For example, ‘compare dapagliflozin to placebo based on the 
HbA1c at 24 weeks in all randomised patients’ is too vague as it does not 
allow for the use of rescue treatment which can clearly impact the re-
sults. The treatment effect may be defined by the description of the 
statistical analysis but this is not transparent. 

Another example of where ITT analysis can lead to issues in inter-
pretation is the OPTIMAL trial [7]. This was a year-long study in COPD, 
in which all patients received tiotropium. Patients were randomised to 
receive three add-on treatments: placebo, salmeterol or the combination 
of salmeterol and fluticasone. The OPTIMAL study planned to obtain 

information on exacerbations from subjects withdrawing from 
treatment. 

Of 175 patients who stopped their randomised treatment, 110 (63%) 
provided off-treatment data [8]. Withdrawals from treatment were 
fewer in the arm that received the combination of salmeterol and flu-
ticasone compared to the two other arms (Table 2). Because salmeterol 
and fluticasone were available as marketed products, patients stopping 
their randomised treatment could receive these medications or ones in 
the same class (salmeterol is a long acting β2-agonist and fluticasone is 
an inhaled steroid). Data on concurrent medications obtained after 
discontinuation of randomised treatment showed that in the tiotropium 
plus placebo arm, 70% of withdrawn patients received an open-label 
long-acting β2-agonist and inhaled steroid combination inhaler for the 
remainder of the study [7], i.e. 70% of withdrawn patients in the pla-
cebo add-on treatment group switched to the same or similar medication 
to the treatment group receiving salmeterol and fluticasone 
combination. 

In a separate secondary publication [8], the OPTIMAL investigators 
contrast the ITT analysis with an on-treatment analysis for the secondary 
endpoint of rate of exacerbations of COPD. The estimates presented are 
for the relative rate of exacerbations for fluticasone–salmeterol as add- 
on compared to placebo. In the ITT analysis, all data was included, 
while for the on-treatment analysis, data after discontinuation of rand-
omised treatment was excluded. The magnitude of reduction in exac-
erbation rate for the on-treatment negative binomial model analysis is 
25% (relative rate = 0.75; 95% CI: 0.55–1.01; p = 0.06), an appreciably 
larger reduction than the estimated 15% reduction from the ITT nega-
tive binomial model analysis (relative rate = 0.85; 95% CI: 0.65–1.11; p 
= 0.23). 

Pharmaceutical industry trials are governed by a series of scientific 
guidelines from the International Council for Harmonisation of Tech-
nical Requirements for Registration of Pharmaceuticals for Human Use 
(ICH). These difficulties in expressing clearly the treatment effect to be 
estimated in clinical trials led to a new addendum to the ICH E9 
guideline on statistical principles for clinical trials [9]. This addendum 
introduced the concept of an “estimand” to refer to the treatment effect 
to be estimated in a clinical trial. The addendum asks that the estimand 
be precisely defined in the trial protocol alongside the objectives of the 
study. 

The introduction of this framework for pharmaceutical trials has 
influenced the statistical community to think more deeply about the 
connection between what is being estimated (the estimand) and how the 
estimate is calculated (the analysis). However, practicing clinicians 
remain largely disconnected; “most of the focus of the estimand dis-
cussion today is still within the statistical community” [10]. The goal of 
this paper is to explain the concept of estimands and to stimulate dis-
cussion on appropriate strategies for events that complicate the esti-
mation and interpretation of treatment effects. 

Table 1 
Treatment comparison of dapagliflozin 10 mg to placebo in the Ferrannini et al. 
trial.   

Placebo Dapagliflozin 
10 mg 

Difference 
(Dapagliflozin – 
Placebo) 

Mean change from baseline in HbA1c 
N 75 70  
Analysis excluding data 

after rescue 
(95% CI) 

− 0.23% − 0.89% − 0.66% 
(− 0.36%, − 0.96%) 

ITT analysis (95% CI) − 0.45% − 0.91% − 0.45% 
(− 0.19%, − 0.72%) 

Patients using rescue 
medication, n (%) 

9 (12%) 0   

Table 2 
Treatment comparison of salmeterol + fluticasone + tiotropium to tiotropium alone from the OPTIMAL trial.   

Add on treatment to Tiotropium 

Placebo Salmeterol Salmeterol + fluticasone propionate 

N 156 148 145 
Patients stopping treatment, n (%) 74(47%) 64 (43%) 37 (26%) 
Relative rate of COPD Exacerbations: (salmeterol + fluticasone propionate)/placebo 
ITT analysis (95% CI)1 0.85 (95% CI: 0.65, 1.11; p = 0.23); 15% reduction 
Analysis excluding data after treatment discontinuation (95% CI)1, 2 0.75 (95% CI: 0.55, 1.01; p = 0.06); 25% reduction 

1. Negative binomial analysis. 
2. Only 95% CI provided in publication; estimate obtained as mid-point of CI. 

O.N. Keene et al.                                                                                                                                                                                                                                



Contemporary Clinical Trials 108 (2021) 106494

3

3. Estimands and intercurrent events 

3.1. Definition of an estimand 

The five elements of an estimand are a) treatments, b) population, c) 
variable (or endpoint), d) summary measure and e) strategy for each 
relevant intercurrent event. Four of these (treatments, population, var-
iable and summary measure) are familiar from current trial descriptions. 
Treatments refers to the treatment regime being studied, including 
background and rescue medications, and the alternative treatment 
regime to which comparison will be made. The population describes the 
patient population of interest and typically consists of all randomised 
patients. The variable corresponds to the outcomes of interest for the 
individual patient i.e. the measurements taken on a participant in the 
trial and functions of these measurements. The summary measure is the 
group level summary that is the basis for the treatment comparison e.g. 
difference between means, difference in response proportions or hazard 
ratio. 

The novel element in the definition of an estimand is pre- 
specification of anticipated intercurrent events together with the strat-
egy to be used for each of these. Intercurrent events are events occurring 
after treatment initiation that affect either the interpretation of the 
outcome of interest or prevent collection of the measurements associ-
ated with the outcome of interest. 

Such events include intake of rescue medication, use of medication 
prohibited by the protocol, treatment switching, discontinuation of 
randomised treatment and death (when not the endpoint of interest). 
Study discontinuation is not considered as an intercurrent event, 
instead it determines whether or not the value for the variable of in-
terest is observed (see section 3 below on missing data). Random-
isation does not help prevent intercurrent events or ensure they are 
equally distributed. 

3.2. Strategies for intercurrent events 

Table 3 shows five potential strategies for intercurrent events. Each 
of these results in a different estimand of interest. 

It is important to note that different strategies can be applied for 
different intercurrent events. For example, a treatment policy strategy 
could be applied for discontinuation of randomised medication, and a 
hypothetical strategy for use of alternative medication. 

A treatment policy strategy uses the actual values of the variable 
regardless of whether the intercurrent event has occurred. When using 
this strategy, it is important to ensure data are still collected after the 
intercurrent event as these data are included in the analysis. This 
approach corresponds to the ITT principle of comparing treatment 
policies. 

For a composite strategy, the intercurrent event becomes part of the 
endpoint. This strategy is useful when the intercurrent event provides 
valuable information on its own regarding the effect of a treatment. For 
the dapagliflozin trial above, a patient taking rescue medication intake 
as required could be considered as a treatment failure. A composite 

strategy is commonly used as part of a binary or time-to-event endpoint, 
but this is not required [11]. 

A hypothetical strategy for an intercurrent event estimates the 
treatment effect that would have been observed in a hypothetical sce-
nario where no subject experienced the intercurrent event. It is impor-
tant to note that, because the hypothetical outcomes needed to estimate 
the treatment effect are by definition not observable, the statistical 
analysis relies on making plausible assumptions about the values of 
these hypothetical outcomes. 

The “while on treatment” strategy is generally applied to the inter-
current event of treatment discontinuation. This strategy summarises 
the variable while the patient actually receives their randomised treat-
ment. Results from using this strategy for efficacy data need to be 
combined with summaries of discontinuations, including the reason for 
treatment discontinuation and the time to treatment discontinuation. 
This strategy can also refer to “while at risk” (for example, while alive) if 
following patients to see if a specific event occurs which may incorpo-
rate on and off treatment. 

The main difference between the hypothetical strategy and the 
“while on-treatment” strategy for treatment discontinuation is whether 
the estimate obtained is considered to apply to the whole scheduled 
period or only to the period where a patient is taking treatment. For an 
endpoint measured at specific visits, a hypothetical strategy might seek 
to estimate the effect at the final visit if all patients had stayed on 
treatment, a while on-treatment strategy would generally compare a 
summary across visits while the patient was actually on-treatment. 

A principal strata approach to an intercurrent event seeks to restrict 
the population of interest to the stratum of patients in which an inter-
current event would not have happened (for example, the “principal 
stratum” of patients who would have completed the treatment of in-
terest). The principal strata strategy is not to be confused with a “com-
plete case” analysis or “per protocol” analysis since these do not restrict 
both treatment groups in the same way. Hernan and Scharfstein [12] 
state that “the estimand that compares strategies in a subgroup that 
cannot be clinically identified … provides a questionable basis for reg-
ulatory or clinical decision making”. Currently therefore the strategy is 
not widely used. 

Fig. 1 shows how the treatment policy, hypothetical and composite 
strategies could be applied in practice for a trial in diabetes, with a 
design similar to the trial for dapagliflozin described above i.e. an 
endpoint of HbA1c and the key intercurrent events of use of rescue 
medication. When a treatment strategy is used, rescue medication 
intake as required could be considered to become an integral part of 
the treatment regimens under comparison. A composite strategy could 
involve a definition of a responder as someone with HbA1c ≤7% at 
week 24 without use of rescue medication. For the hypothetical 
strategy, the assumption could be made that the response without 
rescue would reflect the response observed immediately prior to 
rescue. 

3.3. Examples of applying different intercurrent event strategies to trials 

3.3.1. Applying treatment policy and hypothetical strategies 
The PIONEER 1 trial provides an example of use of treatment policy 

and hypothetical strategies for intercurrent events [13]. This trial 
compared oral semaglutide to placebo in adult patients with type 2 
diabetes. The key intercurrent events were use of rescue medication and 
discontinuation of randomised treatment [14] and the study used two 
different estimands. 

The first estimand used a treatment policy strategy for both inter-
current events. This estimand assessed the treatment effect regardless of 
use of rescue medication or discontinuation of trial product and pro-
vided a broad perspective of the effect of commencing treatment with 
semaglutide compared to placebo in the population of patients with type 
2 diabetes in clinical practice. 

The second estimand used a hypothetical approach for both 

Table 3 
Potential strategies for intercurrent events.  

Strategy Relevant values for patients with the intercurrent event 

Treatment Policy Actual values of the variable regardless of whether the 
intercurrent event has occurred 

Composite Modified definition of the endpoint incorporating the 
intercurrent event 

Hypothetical Values the variable would have taken in the hypothetical 
scenario defined 

While on-treatment/ 
at-risk 

Values of the variable up to the time of the intercurrent 
event 

Principal Strata Restrict population of interest to patients who would not 
experience the intercurrent event  
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intercurrent events. This estimand assessed the treatment effect if all 
patients had continued to use trial product for the planned duration of 
the trial without rescue medication, providing information on the 
anticipated 

treatment effect attributable to the medication. Comparative results 
from the two strategies are provided in Table 4 below. 

In the PIONEER example, the two estimands applied the same 
strategy to the intercurrent events. An example of where different 

Fig. 1. Illustration of strategies applied to a diabetes trial.  
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strategies were used for different intercurrent events is provided by 
Degtyarev et al. [2] who describe applying the estimand framework 

to a study of CAR-T cell therapy in lymphoma. Different estimand 
strategies were adopted for different intercurrent events (i.e. treatment 
policy for failure to receive randomised treatment and hypothetical for a 
new cancer therapy started before the first disease event). 

3.3.2. Applying a composite strategy 
An example of applying a composite strategy is the SYNAPSE trial 

which compared mepolizumab to placebo in addition to standard of care 
for 52 weeks for treatment of chronic rhinosinusitis with nasal polyps 
[15]. Co-primary endpoints were change from baseline in total endo-
scopic nasal polyp score at week 52 and in mean nasal obstruction VAS 
score during weeks 49–52. 

Occurrence of nasal surgery at any time following randomisation was 
an anticipated intercurrent event as it was expected to affect evaluation 
of subsequent scores. A composite strategy was used for this intercurrent 
event of nasal surgery by incorporating surgery into the definition of 
these endpoints as a negative outcome. 

In this case, there was a clinical rationale for expressing the summary 
on the original measured scale either by the difference in medians or the 
difference in means. Use of these summary statistics required a specific 
arbitrary value for participants with surgery, in this case the worst 
observed outcome prior to surgery. The key advantage of using medians 
is that they are largely insensitive to this arbitrary choice of score for 
patients with surgery while means are dependent on this choice. 

The primary estimand was the difference in medians and these were 
estimated using quantile regression with adjustment for covariates. The 
approach has been recommended for endpoints where a number of pa-
tients are given a “worst score” [11]. A supplemental estimand using a 
summary of difference in means was completed using MMRM models. 
Table 5 below shows results for these two estimands. 

3.3.3. Applying a principal stratum strategy 
There have been some recent published examples of the use of the 

principal stratum strategy. Qu et al. [16] describe a post-hoc analysis 
conducted of the IMAGINE-3 study in type 1 diabetes mellitus [17] 

where this strategy was applied to the intercurrent event of randomised 
treatment discontinuation. 

Magnusson et al. [18] applied the strategy in the context of the 
EXPAND trial in multiple sclerosis. The primary objective of the trial was 
to show efficacy of siponimod versus placebo in time to confirmed 
disability progression, but the question was raised whether a treatment 
effect would also be present in patients that would not experience re-
lapses. In this setting the relevant intercurrent event is post- 
randomisation relapse and Magnusson et al. [18] considered estima-
tion of the treatment effect in patients that would not relapse under both 
randomised treatments. 

3.4. Missing data and sensitivity analysis 

It is important to distinguish trial estimands (“what is to be esti-
mated”) from trial estimators (“how will the treatment effect be esti-
mated”). Missing data affects trial estimators not trial estimands. 

For example, if a treatment policy strategy is employed for use of 
rescue medication and a patient subsequently decides to withdraw from 
the study as well as randomised treatment, then data beyond this point is 
missing data. However, if a hypothetical strategy is employed for use of 
rescue medication then only data up to this event is used in the analysis; 
the data after rescue medication, whether collected or not, is not rele-
vant to the estimand. The hypothetical strategy needs to make plausible 
assumptions about what would have happened during the remainder of 
the trial had the patient not taken rescue medication, for example that 
the values would have reflected the patient’s previous history as well as 
values from others who remain in the trial. 

It is sometimes claimed that a treatment policy strategy makes fewer 
unverifiable assumptions than other strategies [9]. However, following 
study withdrawal, there is no data for the patient after that point. A 
treatment policy strategy needs to make plausible assumptions about 
what treatment the patient would receive in the missing observation 
period and what the outcome would be. The basis for these assumptions 
may be unclear. 

4. Implications for clinical trials 

4.1. ITT analysis 

Many statisticians have argued that trials should use an ITT approach 
to analysis, in other words a treatment policy approach to post- 
treatment events such as rescue therapy use as well as including all 
randomised patients. For example, Lachin [19] states “the intent-to-treat 
analysis provides the most realistic and unbiased answer to the more 
relevant question of clinical effectiveness” and Ellenberg [20] states “the 
first step in evaluating a therapy must be an unbiased intent-to-treat 
analysis”. 

When emphasis is mainly on p-values rather than estimation of 
treatment effects, statistical significance in such an analysis allows 
reassurance that the treatment under scrutiny has some impact on effi-
cacy under minimal assumptions. However, the estimate of the effect of 

Table 4 
PIONEER 1 study results.   

Placebo (N = 178) Semaglutide (N = 175) 

Frequency of intercurrent events 
Discontinuation of randomised treatment 19 (11%) 24 (14%) 
Use of rescue medication 35 (20%) 7 (4%) 

Estimand 1 – treatment policy 
Mean change from baseline HbA1c at week 26 − 0.3% − 1.4% 
Difference between means (95% CI) − 1.1% (− 1.3%, 0.9%) 

Estimand 2 – hypothetical 
Mean change from baseline HbA1c at week 26 − 0.1% − 1.5% 
Difference between means (95% CI) − 1.4% (− 1.7%, 1.2%)  

Table 5 
SYNAPSE study results: estimands based on difference in medians and difference 
in means.   

Placebo (N = 201) Mepolizumab (N = 206) 

Frequency of intercurrent events 
Surgery for nasal 

polyps 
46 (23%) 18 (9%)   

Primary estimand 
difference in medians (95% 
CI) 

Supplemental estimand 
difference in means (95% CI) 

Total endoscopic 
score 

− 0.73 (− 1.11, − 0.34) − 0.99 (− 1.36, − 0.61) 

Nasal obstruction 
VAS score 

− 3.14 (− 4.09, − 2.18) − 1.97 (− 2.63, − 1.31)  
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a new treatment is important, for example when evaluating risk: benefit 
and when comparing its cost-effectiveness against alternatives. In this 
context a conservative estimate may not be appropriate and may not be 
easily comparable. It should be preferable to answer a question of in-
terest with some assumptions and potential small bias rather than using 
ITT analysis to estimate a quantity of less interest. 

An important concern is whether trial results are generalisable from 
the trial population to clinical practice. The interpretation of results 
from an ITT analysis depends on the medications provided when a pa-
tient discontinues randomised treatment as well as the randomised 
medication itself, thus changes in medical practice over time could have 
a profound effect on the generalizability of results. Ratitch et al. [21] 
have argued that “treatment policy broadens the treatment regimen 
under evaluation because it includes whatever treatment is taken (or not 
taken) … Such loosely defined comparisons are rarely meaningful 
because the target of inference is not defined and the causal links with 
the investigated treatment are weakened”. 

Clinical trials are typically not set up to answer real questions about 
‘treatment policy’, since the study protocol often discourages the use of 
additional medications or aims to standardize approaches across re-
gions. Akacha et al. have argued that: “If one is really interested in the 
treatment-policy estimand, then an effectiveness trial, that is, a real 
world trial design such as a pragmatic study, may be more appropriate” 
[22]. 

In the oncology area, crossover of patients assigned to one treatment 
arm to the other one is a particular problem since “it is often considered 
unethical not to offer a patient further treatment using an alternative 
therapy regimen following disease progression” [23]. As Degtyarev et al. 
state, “the comparison of overall survival between the investigational 
treatment and the sequence of standard-of-care followed by investiga-
tional treatment is, therefore, not assessing a treatment effect of inter-
est” [2]. Since the rescue treatment in this case is investigational 
product, which is not available to patients, the comparison cannot be 
considered a valid treatment policy question as neither policy is avail-
able as standard of care. 

Unfortunately, death is always possible in any trial. Where death is 
not part of the endpoint, it is important to note that the treatment policy 
strategy cannot be implemented, since values for the variable after the 
intercurrent event do not exist. 

4.2. Per protocol analysis 

Historically analyses have been viewed as a dichotomy: they are 
either ITT analyses or “per protocol” [24]. The distinguishing feature of 
Per Protocol analysis is that patients with major protocol violations are 
excluded altogether and all of their data including data collected prior to 
the violation is not used. The decision on whether to exclude a patient 
based on their adherence to the protocol can be somewhat arbitrary and 
per-protocol analysis can exclude patients who discontinue due to lack 
of efficacy. As a result of these problems, the role of per-protocol anal-
ysis in superiority trials has been relegated and often this analysis is not 
even performed. A key value of the estimand framework is to provide 
coherent alternatives to a per-protocol analysis; use of alternatives 
strategies to treatment policy does not require exclusion of patients who 
provide poor outcomes on a treatment. For example, the hypothetical 
strategy could be used to target the treatment effect under the scenario 
that all patients completed randomised medication to the end of the trial 
or a principal strata strategy to target the subpopulation of patients who 
would complete their randomised medication. 

4.3. Alternatives: the new estimand framework 

A key goal of clinical trials is to enable optimal communication of 
treatment effects to patients, prescribers and other stakeholders. No 
patient expects a treatment to work if they do not take it and yet the 
efficacy results typically presented to them when deciding whether to 

take a new medication is an average of those who have and those have 
not taken the medication. Patients and prescribers may be interested in 
what happens when patients actually take the treatment, which corre-
sponds to a “while on treatment” strategy for treatment discontinuation 
[24,25]) and/or what happens in patients who take and tolerate the 
treatment (which corresponds to a principal stratum strategy [22]. Often 
there is interest in what the treatment effect would be in the absence of 
specific rescue or alternative medication (which corresponds to a hy-
pothetical strategy). 

Darken et al. [26] propose use of an attributable estimand to address 
intercurrent events. This estimand uses different strategies for different 
intercurrent events. Those events that are considered to be adversely 
related to randomised treatment (e.g. discontinuation of treatment due 
to adverse events or lack of efficacy) are considered attributable and 
handled with a composite strategy (hence become part of the endpoint 
of interest), while a hypothetical strategy is used for intercurrent events 
not considered to be related to randomised treatment (e.g. treatment 
discontinuation due to administrative reasons such as loss to follow-up). 

Use of any of these strategies needs to be part of a tripartite approach 
[22], including assessment of frequency and reasons for treatment 
discontinuation due to adverse event and due to lack of efficacy. When 
these discontinuations favour one treatment compared to another, this 
needs to be incorporated into the interpretation of the results of the trial. 

Discussion of the estimand used for efficacy assessment is relevant 
for benefit-risk assessment. It is increasingly realised that for events such 
as treatment discontinuation due to AE, if a treatment policy strategy is 
used for efficacy and an on-treatment strategy for safety then the event 
may be “double counted” in the sense that the efficacy is penalised and 
the event is counted as a safety risk. 

4.4. Estimands for COVID-19 risk mitigation 

The current pandemic has affected conduct of ongoing clinical trials 
[21], not only due to direct COVID-19 illnesses but also importantly due 
to restrictions imposed as a result of the pandemic. For example, patients 
may have missed doses of randomised treatment in clinical trials. The 
estimand framework has provided a useful basis for discussions on the 
impact of COVID-19 on the statistical analysis [27–30]. 

Most (if not all) ongoing studies were designed to answer a clinical 
question in the absence of a pandemic. Moving into the future, while the 
disease itself will still be around, it is likely that much of the impact on 
daily life will be mitigated. Akacha et al state “A hypothetical estimand 
strategy seems to be plausible for intercurrent events related to 
pandemic related operational challenges” [28]. Similarly for estimation 
in the face of the pandemic it seems appropriate for the statistical 
analysis to assume that missing data due to the restrictions reflects 
previous observed values rather than to assume a “worst case” which 
might be viewed as corresponding to an ITT analysis. 

An illustration of the issue is to imagine that one trial is conducted 
before the pandemic and another is conducted during it. If both studies 
pre-specified a treatment policy approach for intercurrent events, the 
pre-defined primary analyses could give quite different answers for the 
trials due to the second study being impacted by COVID-19. The treat-
ment policy approach implies a specific setting that may not be gen-
eralisable in the future. This shows why a hypothetical approach for the 
second study will be important in evaluating the overall effect of the 
treatment in a post COVID-19 world. 

5. Conclusions 

The new estimand framework has allowed discussion of alternatives 
to the strict ITT approach to statistical analysis. When designing a 
clinical study, it is important to consider all the key intercurrent events 
and to decide how these should best be handled for a clinically relevant 
answer to the scientific question. It is increasingly recognised that the 
treatment effect estimated by the treatment policy approach may not 
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always be of primary clinical interest and may not appropriately 
communicate to prescribers and patients the efficacy that is directly 
attributable to the treatment. i.e. what can be expected in terms of ef-
ficacy if the patients takes the medication as prescribed. An important 
question for a new medicine is whether it provides an efficacy benefit, 
another different question is whether treatment strategies result in 
different long-term outcomes. 
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