Clinical Trial Management

Beyond One-Time RECIST 1.1 Training:
Knowledge Acquisition and Retention

Response Evaluation Criteria in Solid Tumours version 1.1
(RECIST 11) provides standardised criteria for evaluating
changes in tumour burden in solid-tumour clinical trials. Since
their publication in 2009, the criteria have been incorporated
into the objectives and endpoints of numerous oncology clinical
trials.* Subsequent clarifications from the RECIST Committee
have addressed recurring questions involving lesion selection,
lymph node assessment, non-target disease, new lesions and the
determination of progressive disease.?

Standardisation does not, however, eliminate the possibility
of incorrect interpretation and mistakes. A recent comparison
of routine clinical interpretations with formal RECIST 1.1
assessments found substantial disagreement in progressive
disease classification, most commonly related to target lesion
measurements and progression of non-target lesions.* Such
findings reinforce the need for appropriate training across the
clinical trial team.

Clinical research associates (CRAs) do not replace investigators,
radiologists or central readers and they do not independently perform
a medical interpretation of imaging. Nevertheless, they regularly
interact with RECIST-derived source data. Their responsibilities
include source data review, verification of data entered into the
electronic data capture (EDC) system, identification of inconsistencies
between imaging reports and case report forms, follow-up of missing
assessments and escalation of potential discrepancies to medical or
imaging experts.® These activities require not simply familiarity with
RECIST terminology — they require a practical understanding of how
the criteria are applied, or in other words — practical skills rather than
theoretical knowledge.

BASELINE INTERACTIVE POST-TRAINING
ASSESSMENT TUTORIAL ASSESSMENT

.

Before Training

|
- PASS | ‘
b -+ LN RS
v ‘ ‘
Pre-tutorial Quiz RECIST 1.1 Post-tutorial Quiz f@;l,; Review & Practice ‘ Follow-up Quiz
: ; Practice Essentials g ) (<80%) | g
« 10 multiple-choice « 10 muiltiple-choice |+ Focused review of « ~3 months after
questions « Interactive e-learning questions missed topics ‘ completion
« No passing score « lllustrative examples « Passing score: = 80% « Additional examples * 10 multiple-choice
SEstabiishesbassline from clinical trials + Measures knowledge and explanations questions
knowledge « Core RECIST 1.1 gained | Practice questions » Assesses knowledge
« Identifies topics for concepts ‘ retention
focused learning « CRA role and )
responsibilities * B

Several educational resources have been developed to improve the
application of RECIST 1.1 across clinical trial roles.®® These include
training modules for site personnel, role-specific instruction for clinical
data managers and institutional toolkits recommending ongoing
training with knowledge assessment. Published evaluations remain
relatively limited. Andoh and colleagues evaluated educational and
feedback interventions intended to improve radiologists’ application
of RECIST and found that the combination of distributed educational
materials and structured feedback reduced the frequency of errors in
radiology reports.® However, there remains little published evidence
on longitudinal, role-specific RECIST training for CRAs that combines
baseline assessment, immediate evaluation, facilitated remediation and
subsequent assessment of knowledge retention.

Conventional training is often delivered as a single event and
measured only by completion. Completion confirms that the
material was accessed, but not that it was understood or retained.
To address this limitation, we developed a structured RECIST 1.1
training programme combining an interactive tutorial, baseline and
post-training knowledge assessments, targeted remediation and a
follow-up assessment approximately three months later. This article
describes the programme and summarises objective and participant-
reported outcomes collected between March 2021 and June 2026.
Preliminary findings from an earlier analysis of this training
programme were presented at the 2025 ASCO Annual Meeting.® The
present article reports an expanded dataset through 24 June 2026
and includes additional longitudinal, year-specific and participant-
experience analyses.

Designing Training Around the CRA Role

The programme, RECIST 1.1 Practice Essentials, was designed for
CRAs and other clinical research professionals involved in reviewing
oncology trial data. It was not intended to qualify participants to

FOLLOW-UP
ASSESSMENT

. :

= |Immediately After Tutorial

===~ 3 Months After Completion

©

Goal: Ensure CRAs and clinical research professionals have a practical understanding
of RECIST 1.1 concepts relevant to their role and can recognize potential data issues
that require escalation to medical or imaging experts.

Figure 1. Structure of RECIST 1.1 training programme
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perform radiological reads or independently determine tumour
response.

The content focuses on practical concepts that CRAs are likely to
encounter: selection and measurement of target lesions, evaluation
of pathological lymph nodes, assessment of non-target lesions,
calculation of changes in the sum of diameters, use of baseline and
nadir measurements, identification of new lesions and determination
of response to treatment and progressive disease.

The tutorial content and assessment questions were reviewed by
several internal and external medical oncologists with experience
in applying RECIST 1.1 in clinical trials. Their review focused on
clinical accuracy, consistency with RECIST 1.1 principles, relevance to
situations encountered by CRAs and clarity of the explanations and
response options. Feedback from these reviews was incorporated into
the training materials before implementation and during subsequent
updates to the programme.

The programme has five components (Figure 1).

First, participants are offered a pre-tutorial quiz without a passing
score. This ungraded assessment establishes a baseline against which
learning progress can be evaluated by comparing the results with
those of the final post-tutorial quiz.

Second, an interactive tutorial explains core RECIST 1.1 concepts
through illustrative examples derived from clinical trial practice. The
training repeatedly reinforces the boundary between recognising
a potential inconsistency and making a medical or radiological
determination.

Third, participants complete a multiple-choice post-tutorial
quiz. An 80% passing threshold is applied. The assessment
measures immediate knowledge acquisition and allows recurring
misunderstandings to be identified across trainee cohorts.

Fourth, participants who do not initially achieve the passing score
attend a facilitated question-and-answer session with a medical
expert. The relevant questions and the rationale for the correct
answers are discussed before reassessment. An unsuccessful first
attempt is therefore treated as an opportunity for remediation rather
than simply recorded as a training deficiency.

Finally, participants are invited to complete a follow-up quiz
approximately three months after the tutorial. This assessment
evaluates the extent to which the knowledge demonstrated
immediately after training is retained after participants return to
routine work.

Methods
Training records available as of 24 June 2026 were reviewed. Quiz
scores were expressed as percentages. Analyses were restricted to
records containing interpretable numeric scores ranging from 0%
to 100%. Missing, non-interpretable and clearly invalid entries were
excluded.

The pre-tutorial, post-tutorial and follow-up assessments each
comprised ten equally weighted multiple-choice questions covering
the core concepts addressed in the tutorial. Partially overlapping
question sets were used at the three assessment time points.
Participants completed the assessments independently. Correct
answers and explanations were reviewed during remediation when
required; however, participants did not otherwise have access to
the answer key before completing the follow-up assessment. Minor
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revisions to wording and presentation were introduced over time,
but the core RECIST 1.1 concepts assessed remained consistent
throughout the evaluation period.

The primary analysis compared paired pre-tutorial and initial
post-tutorial scores. A longitudinal complete-record analysis
included records with scores available at all three time points: pre-
tutorial, post-tutorial, and follow-up. Mean changes were evaluated
using paired tests and are presented with 95% confidence intervals.
Because quiz scores were discrete and bounded between 0% and
100%, two-sided Wilcoxon signed-rank tests were performed as
sensitivity analyses for all paired comparisons. Year-specific results
were summarised descriptively because cohort composition, previous
oncology experience and follow-up availability varied over time.

Participant-experience data were collected using a five-item
survey with response options ranging from strongly disagree to
strongly agree. ‘Agree’ and ‘strongly agree, responses were combined
as favourable responses, while ‘disagree’ and ‘strongly disagree,
responses were combined as unfavourable responses. Free-text
comments were reviewed to identify recurring themes.

Immediate Knowledge Acquisition

A total of 382 paired pre- and post-tutorial assessment records
were available for analysis. The mean pre-tutorial score was 55.3%,
compared with 76.3% after the tutorial completion. The mean
improvement was 21.0 percentage points (95% confidence interval,
18.6 to 23.4; p<0.001) (Figure 2). The result was confirmed in the
Wilcoxon signed-rank sensitivity analysis (p<0.001). Performance
improved in 76.7% of paired records, remained unchanged in 11.3%
and decreased in 12.0%. The median change was 20 percentage points.
All participants who initially scored below the 80% passing threshold
completed facilitated remediation and reassessment, after which
each achieved the required score. The magnitude of improvement
is operationally meaningful. At baseline, participants answered
only slightly more than half of the assessed questions correctly on
average. Following the tutorial, average performance increased by
approximately two correct answers on a ten-question assessment.
The baseline quiz is therefore more than an introductory exercise:
it provides the comparator needed to demonstrate the learning
attributable to the programme.
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Figure 2. Mean assessment scores before and after the tutorial.

Knowledge Retention

A total of 116 assessment records contained results for all three
time points. In this cohort, mean scores were 56.2% before the
tutorial, 78.2% post-tutorial and 77.8% at follow-up (Figure 3). The
improvement from baseline to the post-tutorial assessment was
statistically significant (p<0.001), as was the difference between
baseline and follow-up (p<0.001). These findings were confirmed
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in Wilcoxon signed-rank sensitivity analyses (both p<o0.001). In
contrast, there was no meaningful decline between the post-
tutorial and follow-up assessments: the mean difference was -0.4
percentage points (95% confidence interval, 5.0 to 4.2; p=0.853). The
corresponding Wilcoxon signed-rank test was also non-significant
(p=0.82). In 61.2% of complete records, the follow-up score was the
same as or higher than the immediate post-training score.

These results suggest that the knowledge gain was generally
maintained approximately three months after training. This is
particularly relevant because participants may not immediately
encounter every RECIST scenario in their assigned trials. A delayed
assessment provides a more realistic indication of whether knowledge
remains available for later application than an immediate post-
training quiz alone.

Results Across Training Years

Improvement from baseline to post-tutorial assessment was observed
in every annual cohort from 2021 through 2026 (Figure 4). Baseline
scores were lowest during the programme’s initial year and generally
higher in later cohorts, while mean post-tutorial scores became
comparatively stable. These findings may reflect both improvements
to the course and differences in composition of annual trainee groups.
Year-to-year comparisons should therefore remain descriptive. They
do not establish that changes were caused solely by revisions to the
training. Nevertheless, the recurring pre-to-post improvement across
successive cohorts indicates that the overall result was not limited to
a single group or implementation period.

Using Assessment Errors to Improve the Programme

Assessment data can identify not only whether learning occurred,
but also which concepts require greater emphasis. An earlier analysis
of baseline errors found that 44.2% involved defining or measuring
target lesions, 32.2% involved determining progressive disease,
21.2% involved non-target lesions and 2.4% involved methods of
assessment. These findings were used to restructure the tutorial and
expand explanations and examples in the most difficult areas. The
pattern is consistent with the practical complexity of RECIST 1.1.
Target-lesion selection and measurement require several linked rules,
while progressive-disease determination may require consideration
of nadir, absolute and relative change, non-target disease and new
lesions.«* This illustrates an important advantage of a multi-stage
training model: aggregated assessment findings create a feedback

Statement Responses, n | Favourable | Uncertain | Unfavourable

Well engaged
during the 313
session

88.2% 9.3% 2.6%

Appropriately
challenged by
the presentation
and quiz

312 86.5% 8.3% 5.1%

Comfortable
with pace and 313
duration

85.9% 7% 6.4%

Tutorial
was easy to 313
understand

79.9% 11.8% 8.3%

Able to apply
the learning 312
immediately

76.6% 16.7% 6:7%

Table 1. Participant survey results

100 p<0.001

90+ p<0.001 l
80 71.8

70+
60+ 56.2
50
40

Mean score (%)

304 Post-tutorial vs follow-up
Mean difference: -0.4 percentage points
20 95% Cl: -5.0 to 4.2; p=0.853

10

Pre-tutorial Post-tutorial Follow-up

Follow-up score same as or higher than post-tutorial in 61.2% of records
Complete longitudinal records, n = 116

Figure 3. Mean assessment scores at baseline, post-tutorial and follow-up.
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Figure 4. Pre- and post-tutorial assessment scores by training year, 2021-2026.

loop. The course can evolve in response to documented learning
needs rather than relying only on faculty impressions.

Participant Experience and Perceived Practical Value

A total of 313 survey responses were collected between 19 March 2021
and 24 June 2026, representing 296 individuals; 17 individuals submitted
responses following two training occurrences. Results are summarised
in Table 1. Engagement received the highest rating: 88.2% of responses
agreed or strongly agreed that participants were well engaged during the
session. A further 86.5% reported that the presentation and quiz questions
were appropriately challenging, and 85.9% were comfortable with the
pace and duration. The tutorial was considered easy to understand in
79.9% of responses, while 76.6% indicated that the participant expected
to apply the acquired knowledge immediately. The comparatively lower
rating for immediate applicability is understandable in a heterogeneous
population. Some participants may not have been assigned to an
oncology trial at the time of training, and the opportunity to use
individual RECIST concepts varies by role and project.

Seventy-nine respondents provided free-text comments. Positive
comments commonly described the training as useful, clear and
relevant to clinical trial work. Suggestions included adding more practical
examples, providing reference materials or a written script after the
training, allowing more time to discuss difficult questions and dividing
complex material into shorter learning segments. Some respondents
noted that the course was more challenging for participants without a
medical background or for those completing it in a non-native language.
These comments generated practical improvement opportunities. They
supported greater use of applied scenarios, clearer explanations of
quiz answers and additional reinforcement of the distinction between
identifying a potential inconsistency and independently making a
response assessment.
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Practical Lessons for CROs

Several principles from this programme may be transferable to other
areas of clinical trial training. Training should be role specific. CRAs
need enough knowledge to review RECIST-derived data critically and
escalate discrepancies, but they do not require the same curriculum
as investigators, radiologists or central readers. Defining this
boundary improves both relevance and compliance with assigned
responsibilities.

Training completion should not be treated as evidence of
competence. A completion record confirms access to the material,
whereas a knowledge assessment provides evidence of understanding.
A baseline assessment also allows the magnitude of learning to be
measured rather than inferred. Remediation should be built into the
training pathway. When participants do not meet the passing threshold,
facilitated discussion can distinguish between a terminology problem, a
calculation error, misunderstanding of a clinical scenario or confusion
between similar concepts. This is more educationally useful than
repeated testing without explanation. Knowledge retention should be
evaluated. Immediate post-training performance reflects short-term
recall. A delayed assessment helps determine whether learning remains
available for later use and can identify the need for refresher training.
Finally, further course development should be based on the training
data and results. Recurring errors and participant feedback can be
translated into revised examples, clearer explanations and targeted
supplementary materials. This creates a continuously improving
programme rather than a static annual requirement. We adapted the
same structure to other oncology response criteria, including iRECIST,
Lugano and RANO, while retaining the core elements of baseline
assessment, applied learning, remediation and follow-up evaluation.

Limitations

This evaluation was observational and did not include an untrained
control group. Quiz scores are indirect measures of professional
performance and were not linked to trial-level quality indicators such
as query rates, protocol deviations, data corrections or concordance
with central imaging review. Follow-up results were available for fewer
records than pre- and post-tutorial results, creating the possibility of
selection bias.

Future analyses could link training participation with operational
quality indicators, compare outcomes by professional role and
previous oncology experience and assess the effect of targeted
refresher modules.

Conclusion

Consistent use of RECIST 1.1 depends not only on the expertise of
investigators and imaging specialists, but also on the knowledge of
clinical research professionals who review and manage oncology
trial data. A structured training model combining a practical tutorial,
baseline and post-training assessments, facilitated remediation and
a three-month follow-up produced a substantial improvement in
RECIST 1.1 knowledge. Among records with complete longitudinal
data, the improvement was maintained at follow-up. Participant
feedback also showed high engagement, appropriate challenge and
favourable perceptions of the course’s clarity and relevance.
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The findings support moving beyond one-time, completion-
based training toward a model that measures knowledge acquisition,
addresses misunderstandings, evaluates retention and uses evidence
to improve the curriculum. Such an approach may strengthen the
ability of CRAs to recognise inconsistencies, escalate potential issues
and support the quality of oncology clinical trial data.
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