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Abstract

In diagnostic imaging drug developments, the imaging scan read data in controlled imaging drug clinical trials includes
test positive and test negative. Broadly speaking, the standard of reference data are either presence or absence of a disease
or clinical condition. Together, these data are used to assess the diagnostic performance of an investigational imaging drug
in a controlled imaging drug clinical trial. For those imaging scan read data that cannot be called positive/negative, the
“indeterminate” category is commonly used to cover imaging results that may be considered intermediate, indeterminate, or
uninterpretable. Similarly, for those standard of reference data that cannot be categorized into presence/absence including
uncollected or unavailable reference standard data, the “indeterminate” category may be used. Historically, little attention
has been paid to the indeterminate imaging scan read data as they are generally rare or considered irrelevant though they
are related to scanned subjects and can be informative. Subjects lack the standard of reference are simply excluded as
such the study only reports the analysis results in subjects with available standard of reference data, known as completer
analysis, similar to evaluable subjects seen in controlled trials for drug developments.

To improve diagnostic clinical trial planning, this paper introduces five attributes of an estimand in diagnostic imaging
drug clinical trials. The paper then defines the indeterminate data mechanisms and gives examples for each indeterminate
mechanism that is specific to the clinical context of a diagnostic imaging drug clinical trial. Several imputation approaches
to handling indeterminate data are discussed. Depending on the clinical question of primary interests, indeterminate
data may be intercurrent events. The paper ends with discussions on imputations of intercurrent events occurring in
indeterminate imaging scan read data and those occurring in indeterminate standard of reference data when encountered
in diagnostic imaging clinical trials and provides points to consider of estimands for diagnostic imaging drug developments.

KEYWORDS AND PHRASES: Diagnostic imaging drug clinical trial, Estimand, Indeterminate mechanism, Intercurrent event.

1. INTRODUCTION

Following the official release of ICH E9(R1) addendum on
“Estimands and sensitivity analysis in clinical trials” in 2020
[1], the drug sponsors and regulatory agency have gradually
learned to actively communicate during the trial planning

der evaluation is determined by histopathology including
pathology or biopsy (SoT) or, when histopathology is un-
available, determined by a composite of imaging, associated
laboratory measures, and clinical follow-up (SoR).
Sensitivity and specificity are generally the pre-specified
co-primary efficacy endpoints, which measure the diagnostic

stage [2, 3, 4, 5]. The goal is to identify what should the key
clinical question of interest in a therapeutic clinical trial
be, which should reflect the study objective. A controlled
clinical trial is planned according to its study objective(s).
Intercurrent event(s) occurring after trial initiation that af-
fect either the interpretation or the existing measurements
associated with the clinical question of interest should be
identified a priori and be addressed in order to precisely de-
fine the treatment effect to be estimated in a clinical trial [1].

In diagnostic imaging drug developments, the imaging
scan reads of eligible subjects following the administration
of an investigational imaging drug are compared against
the definitive diagnosis known as standard of truth (SoT)
or truth standard, more broadly the standard of reference
(SoR) or reference standard. The definitive diagnosis for the
presence or absence of a disease or clinical condition un-

performance of an investigational imaging drug [6, 7]. The
sensitivity of a test is defined as the ability of the test to
identify subjects with the disease or the clinical condition
of interest, which is expressed as the proportion of subjects
who truly have the disease who are so identified by the test
[6, 7, 8]. The specificity of a test is defined as the ability of
the test to identify subjects without the disease or without
the clinical condition of interest, which is expressed as the
proportion of subjects who truly are disease free who are so
identified by the test [6, 7, 9].

When the definitive diagnosis is based on the SoR, sen-
sitivity and specificity are referred to as positive percent
agreement (PPA) and negative percent agreement (NPA),
respectively. However, the conceptual framework of diagnos-
tic performance described for sensitivity and for specificity
is equally applicable for PPA and NPA. Thus, the broadly
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used term of SoR as the measure of definitive diagnosis and
commonly understood terms of sensitivity and specificity as
measures of diagnostic performance will be used throughout
the rest of the paper.

In Section 2, the intent-to-image (ITI) set and the mod-
ified ITI (mITI) set of the imaging analysis population in a
diagnostic imaging drug clinical trial are introduced. Inter-
current events along with necessary attributes in diagnos-
tic imaging drug clinical trials are described in Section 3.
For imaging scan read data or SoR data that cannot be
accurately determined, known as indeterminate data in di-
agnostic imaging literature [10, 11, 12], there are at least
three types of indeterminate mechanisms. Section 4 gives de-
scriptions of each indeterminate mechanism and provides ex-
amples by type of indeterminate mechanism. Indeterminate
data may be intercurrent events, which depend on the key
clinical question of interest in a diagnostic imaging drug clin-
ical trial. More expanded than therapeutic trials, multiple
approaches to handling indeterminate data encountered in
diagnostic imaging drug clinical trials are elaborated in Sec-
tion 5. Discussions on intercurrent events along with points
to consider in diagnostic imaging drug clinical trials follow
in Section 6.

2. INTENT-TO-IMAGE SET VERSUS
MODIFIED INTENT-TO-IMAGE SET

Subjects enrolled in a diagnostic imaging drug clini-
cal trial satisfying the inclusion/exclusion criteria are the
intent-to-image (ITI) subjects. In principle, sensitivity and
specificity should be estimated from the ITI subjects. How-
ever, definitive diagnosis of ITI subjects may not always be
collected and some subjects may not be imaged properly
or may discontinue from an imaging drug administration
due to acute side effect(s) not immediately resolvable. When
definitive diagnoses of I'TI subjects are not all collected, the
estimated sensitivity and specificity or the interpretation of
the diagnostic performance relying upon only those subjects
whose definitive diagnosis are available will be affected and
may be biased. The concern of bias could be mounting if
decisions to not collect the definitive diagnosis SoR data are
made simply based on the results of the imaging scan read
data or the subjective judgments made by investigators or
treating physicians who are unblinded to the imaging scan
read results.

Subjects receiving the investigational imaging drug are
expected to undergo imaging scans at some pre-specified
time window based on the half-life of the investigational
imaging drug. Instead of the ITI set, i.e., all enrolled eligible
subjects, some argue that modified intent-to-image (mITT)
set in whom the investigational imaging drug are adminis-
tered should be the primary diagnostic efficacy analysis set.
Consequently, the mITT set may be loosely referred to as
the I'TT set or all subjects scanned. In therapeutic trials, the
modified intent-to-treat (mITT) set are those subjects ran-
domized and received the investigational drug as opposed to

the intent-to-treat (ITT) set in those subjects randomized.
The ITT principle is carefully articulated in ICH E9 [13],
which preserves the randomization for objective assessment
of treatment effect in a randomized controlled therapeutic
trial. In parallel with therapeutic trials, the mITT set or all
subjects scanned is not the ITT set.

3. INTERCURRENT EVENT

Intercurrent events are events occurring after treatment
initiation that affect either the interpretation or the exis-
tence of the measurements associated with the clinical ques-
tion of interest (ICH E9(R1)). It is necessary to address
intercurrent events when defining the clinical question of
interest to precisely define the treatment effect that is to
be estimated. The clinical question of primary interest in a
diagnostic imaging drug clinical trial can help frame what
the estimand should be. In structuring the description of an
estimand, the following attributes are proposed in the ICH
E9(R1) addendum [1]. For each attribute, the context in a
diagnostic imaging drug clinical trial is formulated.

o Population: the population of interest as reflected in
the inclusion/exclusion criteria of a given trial. Like the
ITT principle or the mITT principle in a therapeutic
trial, a diagnostic imaging drug clinical trial considers
the intent-to-image I'TT or the mITT principle in defining
the imaging population.

o Treatments: the specific treatments to be compared.
When a diagnostic imaging drug clinical trial uses a
parallel-arm study design such as a placebo-controlled
trial [14], the principle of specific treatments to be com-
pared following randomization is similar to that in a
therapeutic clinical trial. For an intra-subject single-
arm controlled design, the comparison of interest is
inherently within subject. For instance, it may be of
interest to compare images without an imaging drug
(pre-image or no contrast) to images after an imag-
ing drug (or with contrast) is administered (e.g., [15]).
Other comparisons may be of interest such as compar-
ing to a pre-specified threshold that should be clinically
meaningful [16, 17], or to an active comparator in a
within-patient crossover design [18].

e Variable: the endpoint of scientific interest. The diag-
nostic endpoint of scientific interest depends on the clin-
ical context in a specific disease setting under investi-
gation. In defining what constitutes diagnostic efficacy
for a subject, the diagnostic endpoint may be measured
at subject level or a more granular level, e.g., disease
detection at the lesion level, nodal identification at the
node level.

e Intercurrent events: an intercurrent event in a diagnos-
tic imaging drug clinical trial may be the lack of SoR
data if the scientific question of interest is what the
diagnostic performance of an investigational imaging
drug is. Strategies on how to account for intercurrent
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events should reflect the scientific question of primary
interest. A distinguishing feature of a diagnostic imag-
ing drug is that although it is an investigational drug,
the drug is to diagnose a subject, but not to treat a
subject. The SoR reflects a subject’s truth disease sta-
tus or clinical condition, which should not be affected
by the imaging drug test results.

e Summary measure: a summary measure is a variable
which provides a basis for a comparison between dif-
ferent treatment conditions. In diagnostic imaging drug
clinical trials, the diagnostic efficacy is a summary of ac-
cumulated success either at the subject-level or a more
granular level that is clinically meaningful.

4. IMAGING SCAN READ DATA AND
STANDARD OF REFERENCE DATA

There are two types of diagnostic efficacy data needed to
evaluate the co-primary efficacy endpoints of sensitivity and
specificity in a diagnostic imaging drug clinical trial. One
type is imaging scan read data, i.e., scan read results of the
imaging test collected following an investigational imaging
drug administration. The other type is standard of reference
data, viz., the definitive diagnosis to be determined based on
data obtained from histopathology, pathology or biopsy pro-
cedure that are generally invasive, or based on other imaging
data, lab results or clinical follow-up if histopathology data
are unavailable.

To assess the diagnostic efficacy of an investigational
imaging drug, it is necessary to make plausible assump-
tions on the indeterminate data in the imaging scan read
data and/or SoR data. Following the three types of missing
mechanisms initially proposed by Little and Rubin [19] and
adopted in therapeutic trials, below, these missing mecha-
nisms are illustrated in the context of a diagnostic imaging
drug clinical trial.

4.1 Indeterminate Mechanism of Imaging
Scan Read Data

The imaging scan read results of the diagnostic imaging
test are positive, negative, or indeterminate. The term in-
determinate could mean intermediate if the imaging results
are derived from multiple categories or the threshold used
for binarization (positive, negative) is derived from contin-
uous intensity measures, not sure or uninterpretable [11].
An indeterminate imaging scan read may be due to device
required for performing the imaging drug test is malfunc-
tioned, imaging quality is sub-optimal, or is related to diag-
nostic imaging drug safety. Table 1 lists the indeterminate
data mechanisms of imaging scan reads, gives descriptions,
and provides examples of each indeterminate imaging scan
read data mechanism.

Most investigational diagnostic imaging drugs are safe,
as the dose exposure level identified in early phase proof-
of-concept trials and selected for confirmatory imaging drug

trials should be the optimal dose defined as the lowest ex-
posure dose that yields comparable diagnostic efficacy than
any higher dose level without the need to risk exposing to
a higher dose level. If diagnostic imaging drug scan data
cannot be determined, the more frequently seen indetermi-
nate data mechanism is indeterminate at random (IAR), or
equivalently, missing at random (MAR) in therapeutic tri-
als. For instance, a subject may not follow the instruction of
the imaging procedure such as a subject could not lie still or
has moved during an imaging session, which might be age
and/or health condition related. The less frequently seen in-
determinate data mechanism of imaging scan read data are
indeterminate completely at random (ICAR) due to device
malfunction or indeterminate not at random (INAR) due to
imaging drug induced safety events. The therapeutic coun-
terpart of ICAR is MCAR (missing completely at random)
and is MNAR (missing not at random) for INAR.

4.2 Indeterminate Mechanism of SoR Data

The definitive diagnosis to establish the standard of ref-
erence includes being present, absent, and indeterminate of
a subject’s disease status or clinical condition, e.g., Parkin-
sonian syndromes, cancer metastasis. The definitive diag-
nosis is known to be invasive. An indeterminate SoR may
be due to insufficient amounts of tissues or specimens for
histopathology evaluation, difficulty in reaching the surgi-
cal cavity for specimen collection, investigator’s judgment
of subject’s health status or medical condition and who is
unblinded to subject’s imaging scan read data or clinical
information, physician’s decision of a subject’s treatment
option or treatment management and who is unblinded to
subject’s image read data and clinical information. Table 2
lists the indeterminate SoR data mechanisms, gives descrip-
tions, and provides examples of each indeterminate SoR data
mechanism.

When the definitive diagnosis (SoR) is indeterminate, it
is very unlikely to be indeterminate completely at random
(ICAR). The indeterminate data mechanism is mostly as-
sociated with either subjects’ own tissues or specimens, or
investigators or treating physicians who take care of the sub-
jects. Therefore, it is listed as “Unlikely scenario” under ex-
amples for ICAR indeterminate data mechanism in Table 2.
In a diagnostic imaging drug clinical trial, if investigators or
treating physicians are blinded to diagnostic imaging scan
read data, the likelihood of the indeterminate SoRs seems
tend toward indeterminate at random (IAR). Otherwise, one
would have to suspect the likelihood of these indeterminate
SoRs would, more likely than not, be indeterminate not at
random (INAR) for their being confounded with investiga-
tors or treating physicians unblinded to imaging scan read
results.

5. INDETERMINATE DATA HANDLING

For data analysis purposes, the efficacy endpoints in diag-
nostic imaging drug clinical trials are binary measures and
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Table 1. Indeterminate mechanisms of imaging scan read data in diagnostic imaging drug clinical trials.

Indeterminate Imaging Scan
Read Data Mechanism

Description

Examples

Indeterminate completely at
random (ICAR)

Indeterminate at random
(IAR)

Indeterminate not at
random (INAR)

The likelihood of the imaging scan read data
being indeterminate is unrelated to observed
and unobserved variables, i.e., the
indeterminate status is unrelated to the
specific subject or imaging drug being studied

The likelihood of the imaging scan read data
being indeterminate is related to observed
variables but not to unobserved variables, i.e.,
the indeterminate is related to the subject and
can be predicted from other data known about
that subject

The likelihood of the imaging scan read data
being indeterminate depends on the
unobserved data and is related to the
investigational drug and outcome measure

The device required to perform the imaging
scan read following administration of an
investigational imaging drug is malfunctioned

The imaging scan read data are indeterminate
due to subjects not following the instruction of
the imaging procedure, e.g., could not lie still
or have moved during an imaging session,
which could be, e.g., age and/or health
condition related

Subject cannot complete the imaging
procedure due to imaging administration
associated side effect (drug safety related) and
early discontinued from the study

Table 2. Indeterminate mechanisms of SoR* data in diagnostic imaging drug clinical trials.

Indeterminate SoR Data
Mechanism

Description

Examples

Indeterminate completely at
random (ICAR)

Indeterminate at random
(IAR)

Indeterminate not at
random (INAR)

The likelihood of the SoR data being
indeterminate is unrelated to observed and
unobserved variables, i.e., the indeterminate
status is unrelated to the specific subjects
being studied

The likelihood of the SoR data being
indeterminate is related to observed variables
but not to unobserved variables, i.e., the
indeterminate status is related to the subject
but can be predicted from other data known
about that subject

The likelihood of the SoR data being
indeterminate depends on informative data

Unlikely scenario

— SoR data are indeterminate due to
insufficient amount of tissue or specimen taken
— SoR procedure cannot be comprehensively
performed due to location difficulty in
obtaining specimens or tissues

— Investigator’s judgment of subject’s health
status or medical condition and who is
unblinded to subject’s imaging scan read data
or clinical information

— Physician’s decision of a subject’s treatment
option or treatment management and who is
unblinded to subject’s imaging scan read data
and clinical information

*SoR: Standard of Reference.

the standards of reference SoR are also binary measures. The
clinical question of primary interest may be, e.g., (i) “Is the
investigational diagnostic imaging drug effective in diagnos-
ing eligible subjects’ true disease status or clinical condition
who received an investigational imaging drug for image scan
test?”, (ii) “Is the investigational diagnostic imaging drug ef-
fective in diagnosing eligible subjects’ true disease status or
clinical condition who received the imaging drug with scan
results?”. The estimand should reflect the clinical question
of primary interest.

When the imaging scan read data or the SoR data

are categorized as “indeterminate”, imputations of inde-
terminate data may be necessary in assessing the diag-
nostic efficacy of all subjects scanned following the ad-
ministration of an investigational diagnostic imaging drug.
Depending on the indeterminate mechanism, the imputa-
tion approaches can be with limited sophistication ranging
from simple probability assignment to tipping point anal-
ysis to using complex strategies including modeling, mul-
tiple imputation or mimicking clinical risk probabilities in
view of harmonized internationally accepted clinical guide-
lines.
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5.1 Random Probability Imputation

If one can assume that the reason for the indeterminate
mechanism is ICAR, that is, the reason is completely unre-
lated to observed variables and unobserved variables, ran-
dom probability imputation is an option. For indeterminate
imaging scan read data, a 50:50 would assign 0.5 proba-
bility of being imaging scan positive and 0.5 probability of
being imaging scan negative. For indeterminate SoR data,
a 50:50 would assign 0.5 probability of being true positive
(TP or SoR is classified as present) and 0.5 probability of
being true negative (TN or SoR is classified as absent). It
is worth noting, also see Table 2, that the scenario of SoR
being indeterminate completely at random, ICAR, appears
very unlikely.

5.2 Tipping Point Analysis

The tipping point analysis is a variation to random prob-
ability imputation. The entire probability spectrum ranging
from 0.0 to 1.0 is evaluated. Extending from 50:50 random
probability, the tipping point analysis explores the diagnos-
tic performance in either direction, one towards probability
of 0.0, the other towards probability of 1.0. That is, the
tipping point analysis extends the diagnostic likelihood to-
ward more likely to be TP (e.g., 60:40 with 0.6 probability
of being TP and 0.4 probability of being TN, 70:30, 80:20,
90:10 and in the extreme 100:0 assuming 100% probability
with no uncertainty or with probability 1.0 of all being TP
among those who lack standard of reference) or toward more
likely to be TN (e.g., 40:60 with 0.4 probability of being TP
and 0.6 probability of being TN, 30:70, 20:80, 10:90 and
in the extreme 0:100 with probability 1.0 of all being TN
among those who lack standard of reference). A threshold
probability is then identified to match with the pre-specified
sensitivity threshold and specificity threshold. This thresh-
old probability identifies the probability cutoff that tips the
primary analysis result to be in favor of the investigational
diagnostic imaging drug.

5.3 Multiple Imputation

Instead of a single imputed value for filling in an indeter-
minate data point, the idea of multiple imputation is to cre-
ate multiple imputed datasets and analyze each of them us-
ing some statistical method/model to provide the estimates.
Then, the results from all the datasets are pooled to derive
the standard errors [19]. Multiple imputation can preserve
the relationship between variables in the data, meanwhile,
simultaneously consider the uncertainty about the relation-
ships between variables in the data [20].

5.4 Univariate Risk Imputation

For a disease involving prognostic or risk factors, it is
possible to impute indeterminate data considering one risk
factor at a time. Collectively, the imputed diagnostic perfor-
mance among one risk factor, two risk factors, etc., can serve

as sensitivity analyses to explore the range of possible diag-
nostic performance and whether there is a risk factor playing
a dominate role in the interpretation of the imputed diag-
nostic performance. The univariate risk imputation can be
model-based, risk probability-based with defined risk prob-
ability supported by literature or using an ad-hoc rule that
is either pre-specified or post-specified as exploratory anal-
yses.

5.5 Multivariate Model-Based Imputation

To diagnose if a subject has the clinical condition or the
disease of interest after receiving the investigational imaging
drug, pre-specified prognostic or risk factors of the disease
can be incorporated in a statistical imputation model with
outcome being the probability of disease or clinical condition
being present. The model-based imputation yields a prob-
ability of disease being present or clinical condition being
present, adjusting for subject’s prognostic or risk factors.
One may be interested in exploring a range of models that
are either a subset of or expanded from the pre-specified
statistical model that consists of specific prognostic or risk
factors; the pre-specified model is the primary imputation
model.

5.6 Multiple Risk Probability-Based
Imputation

Every subject with indeterminate data will be assigned
a probability based on the prognostic or clinical risk fac-
tors. Using lack of SoR as an example, the probabilities
are pre-specified based on risk probability category(ies) de-
termined by independent experts (for instance, three inde-
pendent readers) or by consensus reads determined from
among experts who are blinded to the imaging scan read
results, or by well-established clinical risk factor guide-
line, for instance, NCCN clinical practice guidelines in on-
cology treatment by cancer type (https://www.nccn.org/
guidelines/category__1) [21].

6. DISCUSSION

A diagnostic imaging drug clinical trial aims to assess if
an investigational imaging drug has an acceptable diagnostic
efficacy in all subjects who received the imaging drug. Con-
clusions drawn from diagnostic imaging drug clinical trials
with indeterminate data can vary depending on the assump-
tions of indeterminate mechanism made and the analytical
approach chosen. The indeterminate data mechanisms are
laid out in Table 1 for imaging scan read data and in Ta-
ble 2 for SoR data. Examples by indeterminate data mech-
anism that may occur in diagnostic imaging drug clinical
trials are also provided. Noteworthy, some of those indeter-
minate data that will affect either the interpretation or the
existence of the measurements associated with the primary
diagnostic efficacy assessment in view of the clinical question
of primary interest are intercurrent events.
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o Handling of intercurrent event occurring in indeterminate
imaging scan read data

Historically, little attention has been paid to the indeter-
minate imaging scan read data that are usually rare or ig-
nored in the analysis, although they are related to scanned
subjects and can be informative. There are multiple ways
to analyze data with missingness in therapeutic trials, e.g.,
[22]. There are also multiple approaches to analyze indeter-
minateness in diagnostic imaging drug clinical trials. Several
approaches are illustrated in Section 4.

In rare situation when the acute side effect cannot be re-
solved in a short time and the number of subjects experienc-
ing the acute side effect cannot be ignored, the acute side
effect related to the administration of the investigational
imaging drug would be an intercurrent event. If a diagnostic
imaging drug clinical trial does not early terminate due to
acute side effect being not resolvable, the handling of acute
side effect as an intercurrent event would be important and
the primary imputation strategy should be pre-specified in
view of the clinical question of primary interest during imag-
ing drug trial planning.

In another situation when the SoR is not indeterminate
but the imaging scan read result is indeterminate, random
probability imputation can be considered if there is no imag-
ing safety and efficacy concerns. Tipping point analyses gen-
erally serve as supportive analyses. The cutoff thresholds
from tipping point analyses allow further understanding of
the potential benefit-risk tradeoffs between sensitivity and
specificity.

o Handling of intercurrent event occurring in indeterminate
standard of reference data

In the case that lack of reference standard is an intercur-
rent event with an indeterminate mechanism of SoR data
being not completely at random, this event occurrence pre-
vents from proper and accurate assessment of the diagnostic
efficacy endpoints (sensitivity and specificity) and thus can-
not be ignored. Several imputation approaches to handling
indeterminate SoR data are provided. If the reason of inde-
terminate mechanism is related to observed variable but not
to unobserved variables (IAR) or is dependent on the unob-
served data (INAR), multivariate model-based imputation,
multiple risk probability-based imputation, and multiple im-
putation version of the above two approaches are plausible
imputation approaches to lack of SoR intercurrent event.
Since reasons for lack of SoR mainly tie to subject’s tissue
sample availability, it is unlikely to come up with a scenario
where lack of standard reference data can be considered as
indeterminate completely at random.

Often, however, radiologists and clinicians are more used
to risk probability-based imputation. Risk probability that
is pre-specified seems to be easier to grasp than risk proba-
bility that is derived from a statistical model, although each
approach relies on its specific assumptions. Moreover, mul-
tiple risk probability-based imputation allows adjustment

of the estimated prevalence through imputation. This ap-
proach is particularly informative when disease prevalence
of the intent-to-image or modified intent-to-image subjects
can be obtained through published literature. The multiple
risk probability-based imputation is also suitable for explor-
ing the diagnostic performance in a practical range of disease
prevalence reported in medical literature.

e Points to consider of estimands in diagnostic imaging
drug development

The imaging drug scan test results need to be compared
against the SoR to conclude if the imaging drug scan test af-
ter administration of an investigational imaging drug can be
used to replace the SoR for clinical use upon approval. Based
on the study protocol, SoR should be collected. Clearly,
when there is a lack of SoR and the reason being investi-
gators or treating physicians are unblinded to and are in-
fluenced by the imaging drug scan read results obtained
following the administration of the investigational imaging
drug, the estimates of sensitivity and specificity would be
biased and the interpretation of the estimands would be af-
fected. Similarly, diagnostic imaging drug scan data should
be collected. In cases where indeterminate data mechanism
of an investigational imaging drug scan may affect the es-
timands and estimates of diagnostic performance, handling
of such indeterminate imaging drug scan data would be im-
portant.

ICH E9(R1) addendum [1] advocates a framework to
align planning, design, conduct, analysis, and interpretation.
Clear trial objective should be translated into key clinical
question of interest to facilitate defining a suitable estimand.
In this spirit, a key clinical question of interest in a diagnos-
tic imaging drug clinical trial can be “Is the investigational
imaging drug effective, measured by sensitivity and speci-
ficity, in diagnosing the disease status of all subjects who
received the imaging drug?”

Furthermore, one should carefully define the diagnostic
efficacy of interest in a way that determines both the pop-
ulation of subjects to be included in the estimation of diag-
nostic efficacy and the observations from each subject to be
included in the analysis considering the occurrence of inter-
current events. For the former, population of subjects may
be those eligible subjects who received the imaging drug. For
the latter, observations of each subject would be imaging
scan read data and their SoR data including indeterminate
imaging scan read data and indeterminate SoR data, in ad-
dition to subject’s baseline characteristics. An estimand of a
diagnostic imaging drug clinical trial should define the tar-
get of estimation for a particular trial objective, viz., the es-
timators of sensitivity and specificity in all eligible subjects
who received the imaging drug. Then, intercurrent events
considering the primary clinical question can be identified a
priori, see, e.g., Tables 1 and 2.

Pre-specification of anticipated intercurrent event(s) in
view of the key clinical question of interest and a suitable
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primary method of estimation including the primary impu-
tation approach or strategy to indeterminate data handling
based on their indeterminate mechanisms are critical to the
success of a diagnostic imaging drug clinical trial. In parallel
with therapeutics trials, it is of interest to articulate strate-
gies, such as “imaging policy”, “while-on-imaging policy”,
“hypothetical strategy”, etc. in view of selecting approaches
for handling intercurrent events in diagnostic imaging drug
clinical trials in a future article. To our knowledge, this pa-
per is the first that attempts the topic of estimands and
intercurrent events in diagnostic imaging drug clinical trials
following the release of ICH E9(R1) [1].

It is expected that the iterative dialogues between the
imaging drug sponsor and the regulator will enhance the in-
teractions when discussing the suitability of imaging drug
trial designs, and the interpretation of imaging trial results.
In this paper, we articulate intercurrent events one may be
faced with when evaluating sensitivity and specificity in di-
agnostic imaging drug clinical trials for diagnostic imaging
drug developments. Other imaging drug trials could be, e.g.,
for intra-operative imaging drug developments [23], thera-
nostics that co-develop an imaging drug and a therapeutic
drug [24, 25], or, of a different primary efficacy endpoint with
different clinical question of interest [17, 26]. The framework
articulated in ICH E9(R1) and in this article can assist imag-
ing drug sponsors in planning imaging drug clinical trials
and assist regulators in their reviews of the imaging drug
clinical trial statistical analysis plans during the planning
of investigational imaging drug developments and the in-
terpretation of trial results upon submissions for new drug
applications.
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