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Abstract

Background: Published in 2019, a new addendum to the ICH E9 guideline presents the estimand framework as a

systematic approach to ensure alignment among clinical trial objectives, trial execution/conduct, statistical analyses,

and interpretation of results. The use of the estimand framework for describing clinical trial objectives has yet to be

extensively considered in the context of patient-reported outcomes (PROs). We discuss the application of the

estimand framework to PRO objectives when designing clinical trials in the future, with a focus on PRO outcomes

in oncology trial settings as our example.

Main: We describe the components of an estimand and take a naïve PRO trial objective to illustrate how to apply

attributes described in the estimand framework to inform construction of a detailed clinical trial objective and its

related estimand. We discuss identifying potential post-randomization events that alter the interpretation of the

endpoint or render its observation impossible (also defined as intercurrent events) in the context of PRO endpoints,

and the implications of how to handle intercurrent events in the construction of the PRO objective. Using a simple

objective statement, “What is the effect of treatment X on patient’s quality of life?”, we build up an example

estimand statement and also use a previously published phase III oncology clinical trial to illustrate how an

estimand for a PRO objective could have been written to align to the estimate framework.

Conclusion: The use of the estimand framework, as described in the new ICH E9 (R1) addendum guideline will

become a key common framework for developing clinical trial objectives for evaluating effects of treatment. In the

context of considering PROs, the framework provides an opportunity to more precisely specify and build the

rationale for patient-focused objectives. This will help to ensure that clinical trials used for registration are designed

and analysed appropriately, enabling all stakeholders to accurately interpret conclusions about the treatment effects

for patient-focused outcomes.

Keywords: Estimand, Treatment effect, HRQoL, PRO, ICH, Clinical trial, Design, Objective, Patient

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

* Correspondence: rachael.lawrance@adelphivalues.com
1Adelphi Values Ltd, Bollington, UK

Full list of author information is available at the end of the article

   Journal of Patient-
Reported Outcomes

Lawrance et al. Journal of Patient-Reported Outcomes            (2020) 4:68 

https://doi.org/10.1186/s41687-020-00218-5

http://crossmark.crossref.org/dialog/?doi=10.1186/s41687-020-00218-5&domain=pdf
http://orcid.org/0000-0002-9499-8443
http://creativecommons.org/licenses/by/4.0/
mailto:rachael.lawrance@adelphivalues.com


Background
Patient input and incorporating the patient’s perspective

within clinical trials is increasingly being recognized as a

critical component of achieving patient-centricity in

quality health care [1]. As such, assessment of patient-

reported-outcomes (PROs), including health-related

quality of life (HRQoL), have an important role in clin-

ical trials across disease areas as a way to quantify the ef-

fects of treatment exposure on how a patient feels or

functions.

The International Committee for Harmonization of

Technical Requirements for Pharmaceuticals for Human

Use (ICH) is a global organisation that brings together

regulatory authorities and pharmaceutical industry in a

mission to ensure development and registration of high-

quality medicines. ICH issues and maintains numerous

guidance documents used internationally in the design

and conduct of clinical trials. A key guideline relating to

design and analysis of clinical trials is ICH E9 “Statistical

Principals for Clinical Studies”. ICH has recognised that

a precise definition of the scientific question of interest

is required to ensure alignment between objectives, trial

design, data collection, analysis and interpretation and

that this alignment has not always been observed in the

past. In November 2019 the ICH issued the final version

of an addendum (R1) to ICH E9, ICH E9(R1) [2], intro-

ducing the estimand framework to precisely describe the

treatment effect of interest in a randomised clinical trial.

An estimand is defined in the guidance as “...the target of

estimation to address the scientific question of interest

posed by the trial objective” and has five attributes –

population, treatment, variable (endpoint), intercurrent

events (defined as events that can occur post-

randomization and preclude or affect the interpretation

of the variable) and the summary measure. An example

of an intercurrent event in a clinical trial context could

be discontinuation of treatment.

While the estimand describes the target of estimation,

in practice, teams designing clinical trials are unlikely to

come up with a clear and complete objective without

discussing the estimand attributes and, in particular, po-

tential intercurrent events. Hence, defining study objec-

tives should be an iterative process, being fine-tuned

using the estimand framework as a tool to facilitate such

discussion. The clear trial objective would then directly

imply how key intercurrent events will be handled and

what is the treatment effect of interest. The goal of clari-

fying the clinical research question more precisely is not

new, however, and other concepts such as the PICO

model have been previously proposed [3]. The estimand

framework differs from the PICO model as it highlights

the importance of intercurrent events ensuring that

summary measures used to compare treatment condi-

tions are made explicit. It may also in the future

potential lead to increased standardisation. The lack of

standardized analysis and interpretation of PRO data has

been recognized by a number of focus groups working

with PRO data in various areas. Within oncology, for ex-

ample the lack of standardisation is being addressed by a

multi-stakeholder, international consortium, SISAQOL

[4]. The estimand framework provides common lan-

guage which can be applied to the initial SISAQOL rec-

ommendations, which have focused on developing a

taxonomy of research objectives that can be matched

with appropriate statistical [5] Extending these to de-

scribe more fully within the estimand framework will

provide a clear direction for implementation of these

recommendations.

The purpose of this article is to introduce the reader

to the ICH E9 (R1) addendum guideline, through pro-

viding both an explanation, and relevant examples, for

the application of the estimand framework as it relates

to patient-reported-outcomes included in randomized

clinical trials.

The estimand framework; an introduction &
defining intercurrent events
The estimand framework highlights that different treat-

ment effects may be of interest and clarity is required to

define what the research wants to estimate (estimand).

A precise clinical trial objective is required to define an

estimand. However, in practice, the scientific research

question or questions relating to patient quality of life

outcomes may not start as precise objectives. In an itera-

tive process, using the attributes of an estimand can

allow a precise clinical trial objective to be developed,

which, in turn, can lead to a well-defined and consistent

estimand.

The estimand framework defines five attributes of an

estimand (illustrated in Fig. 1), and we will show how

these attributes help to clarify the scientific question of

interest based on treatment, population, variable of

interest (endpoint), intercurrent event handling and the

summary measure. All the attributes of the estimand are

inter-related, and thus all aspects must be considered.

The definition of an intercurrent event is a concept in-

troduced in the estimand framework which may be new

to many researchers. The addendum defines intercurrent

event as events occurring after treatment initiation that

affect either the interpretation or the existence of the

measurements associated with the clinical question of

interest. Such events arise from various patient journeys

during the course of the study. For example, if we are in-

terested in a PRO endpoint at month 6, some patients

will still be on-treatment and their PRO result will re-

flect 6 months of treatment. Others may discontinue

treatment due to an adverse event and start a new ther-

apy – in this case, the assessment at month 6 reflects

Lawrance et al. Journal of Patient-Reported Outcomes            (2020) 4:68 Page 2 of 8



the effect of the initial treatment followed by a new ther-

apy. Some patients may die prior to month 6 precluding

the observation of the endpoint. Intercurrent events

such as discontinuation due to adverse event, start of

new therapy or death can all affect the interpretation of

the PRO endpoint at month 6 or preclude its existence.

As a result, each should be carefully considered when

defining the treatment effect of interest. Common strat-

egies to handle intercurrent events as proposed in the

ICH E9 (R1) addendum are summarized in Fig. 2. Vari-

ous strategies correspond to different questions of inter-

est; for example, applying a treatment policy strategy for

the start of new of therapy, the researcher is interested

in assessing the effect on the PRO regardless of whether

a patient is still on study treatment or receives new

medication outside of the trial. Alternatively, the re-

searcher may be interested in the effect on the PRO

prior to the start of new therapy (while on treatment

strategy) or only if a patient had not received new medi-

cation (hypothetical strategy). Further details with exam-

ples are provided in Section 3.

Example of how to build an estimand for a PRO
objective
Firstly, we want to consider the patients – who are the

target population of interest and what do their treatment

journeys look like? In designing clinical trials, we ideally

want the scientific questions that we are asking to be

Fig. 1 The five attributes of an estimand according to the ICH E9 (R1) addendum

Fig. 2 Definitions for strategies for handling intercurrent events from ICH E9 (R1) addendum [2]
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directly relevant to real patient experiences. Figure 3

shows a schematic of four potential patient journeys in

an oncology setting. After starting study treatment, pa-

tients generally receive treatment until disease progres-

sion. However, they may discontinue study treatment

earlier, e.g. due to adverse events, and they may start a

new anticancer therapy afterwards. The example below

illustrates how considerations of various patient journeys

impact the precise definition of the scientific question of

interest and help to identify intercurrent events.

To illustrate the use of the estimand framework in cre-

ating a detailed clinical trial objective we shall begin with

a naïve objective:

“What is the effect of treatment X on patient’s qual-

ity of life?”

It is important to clearly define a specific patient out-

come of interest, i.e., to define the “variable of interest”

[ ]. Simply referring to a “PRO score” is not

specific. In our naïve example, we have selected pain se-

verity as the PRO variable of interest.

In addition, one should consider a relevant timeframe to

evaluate outcomes when defining the PRO variable of inter-

est. In this simple example, we have suggested a fixed time-

point (6months post randomisation) at which to evaluate

the variable.

Defining the parts of the estimand relating to the popula-

tion of interest [ ] and treatment comparisons

[ ] are presented next and thus to build this

estimand:

The ICH E9 terminology uses the phrase “a summary

measure” [ ]. It is important to note that in this

context the summary measure refers to the statistical sum-

mary approach, rather than just the measure or PRO instru-

ment used. The summary measure should be defined; this

could be the difference in the mean score between the two

groups, or the proportion of patients in each group who have

had meaningful improvement in symptoms. In this example,

we suggest comparing the difference in mean scores between

treatment groups.

Now we turn to intercurrent events, which are at the

heart of the estimand framework and involve intricacies

that can lead us to define different estimands. For the pur-

poses of this illustrative example, we will consider two po-

tential intercurrent events of interest commonly observed

in oncology trials which are also important for PRO end-

points: discontinuation of treatment and patient deaths.

Intercurrent event #1: treatment discontinuation

Different questions arise when considering treatment

discontinuation prior to the planned assessment time-

frame (e.g. 6 months post-randomization) that corres-

pond to different potential strategies to handle this

intercurrent event:

� Are we interested in the effect of treatment at 6

months post-randomization regardless of whether a

patient is still on study treatment? If so, this would

Fig. 3 Illustrative Patient treatment journeys
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be illustrative of using a treatment policy strategy

to handle the intercurrent event of treatment dis-

continuation. Note that this would require collection

of the EORTC QLQ-C30 pain scores up to the 6-

month period, even after treatment discontinuation

(and disease progression and potential subsequent

therapy) so that the value of the EORTC QLQ-C30

pain score at 6 months can be directly used in the

analysis.

� Is it relevant to assess the effect only while receiving

study treatment? If so, then this is illustrative of

using a while on treatment strategy for this

intercurrent event. Here, the EORTC QLQ-C30 pain

score at 6 months is included in the analysis only if

the patient is still on treatment at 6 months. Other-

wise, the pain score assessed at the time of treat-

ment discontinuation is used. Therefore, data

collection after treatment discontinuation would not

be required.

� Are we interested in the effect in the hypothetical

scenario if all patients had received study medication

for 6 months? If “yes”, then the approach to

handling this would be considered the hypothetical

strategy. This can be appropriate strategy if the

intercurrent event is not expected to occur in the

target population in general. However, this strategy

may not be a realistic assumption to be made with

regards to PRO data in general.

Intercurrent event #2: death

� Handling death events with a treatment policy

strategy implies that the endpoint is considered

regardless of deaths, which is simply impossible and

as such would never be a plausible strategy for

handling this type of intercurrent event for PRO

data.

� Using a while on treatment strategy to handle

deaths as an intercurrent event implies that we are

interested in the effect on PROs until death. It is

necessary to decide how to use these data, such as

using the last observation prior to death if patients

die prior to the time of interest for the endpoint

(e.g., 6 months).

� A hypothetical strategy for handling an

intercurrent event of death is when we envisage

a hypothetical scenario where death would not

have occurred and may be considered a

reasonable approach for PRO endpoints if the

number of patient deaths is expected to be low

and that the patients deaths are not expected to

be related to treatment (in the timescale of

interest for the assessment of PRO endpoint). In

this case we can use some assumptions to

impute a reasonable value for the patient for the

purpose of analysis.

For just these two intercurrent events, strategies for

handling intercurrent events could lead to at least five

different potentially quite plausible estimands (as treat-

ment policy for death is excluded as implausible). Fur-

thermore, it is conceivable to consider other appropriate

strategies for handling these intercurrent events. Both a

composite endpoint or a principal stratum approach

could also be applicable for a PRO concept of interest

[6, 7]. In fact, death is frequently considered as an event

in some time-to-deterioration of quality of life analysis

implying a composite strategy [8].

In this example we are considering pain, and, there-

fore, it is also important to consider the impact of

pain medication use (if permissible per clinical trial

protocol) as a potential intercurrent event. Taking

pain medication would not typically be considered as

an intercurrent event for most primary efficacy end-

points of an oncology trial as it’s not expected to im-

pact tumor progression. Concomitant pain medication

use becomes an important intercurrent event when

considering the endpoint of pain as it may impact on

the measurement of pain. We would need to define

whether we are interested in the effect of our treat-

ment on pain only when no pain medication is taken

or regardless of whether patients take pain medica-

tion. Current standard practice typically leads to

handling pain medications use with a treatment-policy

strategy. In this case, we don’t measure just the effect

of our treatment on pain, but we collect data that in-

clude the effects of treatment and pain medications

(if used). As a result, the use of pain medications be-

comes part of our definition of the “treatment” attri-

bute of the estimand.

Similarly, if patients discontinue treatment and start

new anticancer therapy prior to the planned assess-

ment timeline at month 6, this could also be included

in the treatment effect planned to be measured. In

these cases, it is not enough to define a simple “treat-

ment X” as part of the estimand, rather there is the

need to be more specific and define “treatment X

followed by any potential subsequent antineoplastic

therapy and/or concomitant pain medication (as

needed)”.

To return to the example estimand, let us add in po-

tential subsequent treatments and any concomitant

treatments to the treatment attribute [ ], and

then we can clarify our intercurrent event approaches

[ ]; let us assume a treatment policy approach

to handle treatment discontinuation and while on treat-

ment to handle death were used Therefore, our estimand

becomes:
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It is important to ensure that the final clinical trial

objective reflects required specificity and details that

explain whether it is intended for the PRO objective to

demonstrate statistical superiority or non-inferiority of

treatment X compared with treatment Y [9]. Addition-

ally, if there is published or well-accepted minimal

threshold for clinically meaningful between-group dif-

ference, it should also be stated (e.g. a between-group

difference in mean EORTC-QLQ C30 pain sore > 7

points) [10].

Case study – gallium trial
In the context of the estimand framework, the primary

objectives relating to the GALLIUM trial have been pre-

sented by Rufibach (PharmStats 2019) [11], along with

proposed sensitivity analysis. Publicly available data from

the same trial was selected as a case study here in order

to consider ways in which key HRQoL endpoints could

retrospectively be described in the estimand framework.

GALLIUM was an open-label, randomised phase III

clinical trial of obinutuzumab-based and rituximab-

based chemo-immunotherapy in patients with previously

untreated advanced indolent non-Hodgkin lymphoma

(ClinicalTrials.gov ID NCT01332968). The primary vari-

able of interest was investigator-assessed progression-

free survival [12]. A secondary objective as stated in the

GALLIUM protocol was “To assess patient-reported

outcomes (PROs) in both arms.” [13]

One of the PRO endpoints of interest stated on

ClinicalTrials.gov was the change from baseline in

FACT-Lym lymphoma subscale score (FACT LymS).

This subscales measures “additional concerns” relating

to symptoms relevant to patients with lymphoma, and a

change from baseline score > = 3 points for a patient is

recognised as minimally important difference. In this

trial there was a 6 months induction treatment period

where patients received chemo-immunotherapy,

followed by up to 2 years of immunotherapy mainten-

ance in patients who responded to induction therapy

(30 months total).

Taking the patient-reported lymphoma-related symp-

toms, as measured by the FACT LymS score as the key

PRO measurement, along with information from the

trial design, we can propose an estimand as follows

(when considering treatment discontinuation and deaths

as intercurrent events):

Estimand 1:

In order to propose this estimand we have had to con-

sider carefully the patient-reported outcome of interest

– in this example we have made clear that we are focus-

ing on the lymphoma-related symptoms reported by the

patient as measured by the FACT-LymS score. We have

also clearly stated the timeframe we are interested in

considering – in this case it is all FACT-LymS scores for

the planned full duration of therapy (i.e., Up to 30

months post randomisation). In this estimand interest

centres on the “While on Treatment” scores only.

An alternative estimand of interest could be consider-

ing FACT-G LymS score up to the planned 30months

treatment period, irrespective of whether patients con-

tinued to take active treatment or not (a treatment pol-

icy approach). From a practical point of view this means

that FACT-G LymS score would need to be collected

even after treatment discontinuation (and potentially

disease progression, if this happens prior to 30months

after randomisation). The collection of PRO data regu-

larly post treatment discontinuation is not currently a

common approach in oncology clinical trials. There are

other considerations highlighted by this proposed esti-

mand: what is the summary measure of interest – in this

case the estimand describes the proportion of patients

with an improvement – but is the timescale chosen of

30 months appropriate for this summary measure? An

alternative could a summary measure relating to a mean

change from baseline in score over time (up until max-

imum of 30 months) in each treatment group, as shown

in Estimand 2.

Estimand 2:
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Conclusions
The estimand framework provides guidance on the key

attributes for defining study objectives, including PRO

objectives, that should be thoughtfully considered when

designing a phase III clinical trial. A clear and specific

PRO objective should be defined, enabling a precise esti-

mand statement. Attributes of the estimand described in

the framework help to ensure that a detailed PRO ob-

jective can be constructed. Even with one “naïve” object-

ive, the use of the estimand framework provides a way

to clearly discuss several very feasible estimands of inter-

est, as illustrated above. One estimand could be chosen

as the key approach; other ways of handling an intercur-

rent event could lead to different estimands and add-

itional supplementary analyses. Using this staged

approach to specify estimands should then enable clearer

specification of PRO objectives in protocols and analysis

plans of what sensitivity analysis should be considered,

together with the data that needs to be collected to en-

able this.

These discussions with a case-study example, aim to

highlight how the use of the attributes of the estimand

provide potential ways to consider the detailed PRO ob-

jective of interest and build the related estimand. It also

highlights with just one case-study example how differ-

ent strategies can change how the estimand is written

and how to more clearly interpret study results.

It is recognised that different stakeholders (e.g., pa-

tients, regulators, HTA authorities, and payers) have dif-

ferent objectives to answer from clinical trials conducted

and that this may influence how trials should be de-

signed and analysed. As examples, the long-term impact

of adverse events on patient symptoms or PROs after

radiological disease progression, or patient outcomes

collected post-end of treatment, would each require con-

sideration of different specific estimands and clear speci-

fication about what was needed to be measured in order

to evaluate each PRO endpoint.

Once an estimand has been specified, we then need to

move on to focus on the estimator which is the

statistical technique with which you will derive your ‘es-

timate’ of the treatment effect. A well-defined estimand

allows study teams to work constructively with statisti-

cians to take a well-thought-out objective and to choose

an appropriate analysis that need to be applied. How-

ever, the specifics and appropriateness of these estima-

tors and a thorough discussion of their selection is out

of the scope of this work.

Experience with the estimand framework is growing in

clinical research across various therapeutic areas [11,

14–18], as well as its value as a providing a common lan-

guage to facilitate discussions with all relevant stake-

holders in clinical trials. In the FDA’s Patient Focused

Drug Development (PFDD) workstream, the PFDD draft

Guidance 4 focuses on “Incorporating Clinical Outcome

Assessments into Endpoints for Regulatory Decision

Making” [19], and includes discussion of the estimand

framework and a case study example considering the

PRO of physical function in breast cancer.

However, the estimand framework is not just a new

language for defining trial objectives – it will change the

way in which clinical trials are designed, analyzed, and

interpreted, as well as how the data collection strategy is

informed. By developing precise objectives relating to

assessing the patient’s perspective of treatment and em-

bracing the estimand framework, we can use the esti-

mand framework to ensure useful collection of data in

clinical trial protocols and provide clear interpretation

and conclusions to all stakeholders, thereby lending to

clear evaluation on the impact of treatment on patients’

lives.
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