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Background: Decision-making in lung cancer is complex due to a rapidly increasing amount of diagnostic
data and treatment options. The need for timely and accurate diagnosis and delivery of care demands high-
quality multidisciplinary team (MDT) collaboration and coordination. Clinical decision support systems
(CDSSs) can potentially support MDTs in constructing a shared mental model of a patient case. This
enables the team to assess the strength and completeness of collected diagnostic data, stratification for the
right personalized therapy driven by clinical stage and other treatment-influencing factors, and adapt care
management strategies when needed. Current CDSSs often have a suboptimal fit into the decision-making
workflow, which hampers their impact in clinical practice.

Methods: A CDSS for multidisciplinary decision-making in lung cancer was designed to support the
abovementioned goals through presentation of relevant clinical data in line with existing mental model
structures of the MDT members. The CDSS was tested in a simulated multidisciplinary tumor board
meeting for primary diagnosis and treatment selection, based on de-identified primary lung cancer cases (n=8).
Decision course analysis, eye-tracking data and questionnaires were used to assess the impact of the CDSS
on constructing shared mental models to improve the decision-making process and outcome.

Results: The CDSS supported the team in their self-correcting capacity for accurate diagnosis and TNM
classification. It enabled cross-validation of diagnostic findings, surfaced discordance between diagnostic tests
and facilitated cancer staging according the diagnostic evidence, as well as spotting contra-indications for
personalized treatment selection.

Conclusions: This study shows the potential of CDSS on clinical decision making, when these systems
are properly designed in line with clinical thinking. The presented setup enables assessment of the impact of
CDSS design on clinical decision making and optimization of CDSSs to maximize their effect on decision

quality and confidence.
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Introduction

Clinical decision-making in lung cancer is complex,
fueled by a large and rapidly growing amount of patient
data. Besides radiology data, pathology data and patient
contextual data, such as the patient’s medical history,
comorbidities, overall health status, pulmonary function,
signs and symptoms, patient needs and preferences, this
includes an increasing amount of molecular data (1-3).
Complexity in lung cancer care mandates collaboration and
coordination between clinicians across medical disciplines
within the hospital and in the larger hospital network
(1,4-7). Multidisciplinary tumor board meetings or MDT
meetings can be seen as a coordinating mechanism to
synthesize information from multiple disciplines into a
single personalized diagnosis and care plan. Benefits that
are attributed to high-performing MDT meetings include
improvement of diagnosis and TNM staging, timely care,
higher treatment rates and better adherence to clinical
guidelines (8).

The efficacy of MD'T meetings and the quality of the
decision-process is mediated by a variety of technical and
non-technical factors, manifesting in significant variation
in quality of diagnosis and treatment (9,10). Team science
studies have shown that high-functioning lung cancer
MDTs are structured and supported such that team
members develop comprehensive shared mental models of
the case at hand, and critically evaluate multidisciplinary
evidence (4). Important technical facilitators of this
process are clinical decision support systems (CDSSs)
that provide diagnostic and prognostic information to
the multidisciplinary team (MD'T) as input for decision-
making (11). Proper delivery of the relevant information
by the CDSS in an understandable format into the clinical
workflow has shown to be problematic, thereby hampering
the impact of CDSS on clinical quality (12,13).

The aim of this study was twofold:

(I) The design and case-based evaluation of a CDSS
that aims to support lung cancer MDTs in
constructing such shared mental models of the
patient case. This allows the team to assess a patient
case holistically and supports multidisciplinary
quality control as a basis for definitive diagnosis
and personalized therapy selection.

(II) Development of methods for evaluating CDSS
to improve seamless integration of CDSS in the
clinical workflow.
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Shared mental models

In lung cancer care, essential shared mental models are the
teams’ collective understanding of (I) the disease: the TNM
classification and the reliability of the underlying diagnostic
data, including the need for histologic confirmation by
biopsy of stage- and treatment-determining lesions, and

(II) effective stratification for the right personalized therapy

driven by clinical stage, other prognostic factors and patient

preferences (4).

Shared mental models help MDTs to adapt their care
strategy accordingly based on a mutual understanding
of the situation at hand and can thereby improve quality
and outcomes of lung cancer care (4), especially under
time pressure and high workload conditions (14) which
are essential characteristics of tumor board meetings (9).
The ability to adapt strategy is an important skill in high-
performance teams (15-17). In fact, high levels of inaccurate
clinical staging and underuse and misuse of invasive staging
in lung cancer care have been reported (18-22), which is
partly explained by a lack of an integrated multidisciplinary
perspective of the patients disease and state (4).

Unfortunately, CDSS are often not developed based
on a proper understanding of oncological mental models,
thereby creating a misfit with existing clinical workflows.
Poor usability and difficulties in presenting summarized
patient-level information in CDSSs are key barriers to their
adoption and routine use (12,13).

In this study the CDSS presents information in a format
that is congruent with the user’s existing shared mental
model structure. This allows the team to quickly obtain
a comprehensive mental model of the patient case and
increase the teams’ capacity to adapt strategy (i.e., diagnosis,
stage and care plan proposal), through a transparent and
verifiable insight in diagnostic information on three levels:

% Completeness and strength of diagnosis and staging

information.

% Discordance between results of diagnostic tests.
For example, a lymph node may be radiologically
suspicious for malignancy, but with a negative
endobronchial ultrasound (EBUS) result and
therefore a potential necessity for more invasive
staging.

% Stage- and fitness-appropriate treatment selection.
For a full list of parameters, see Table S1.

Accordingly, we pose the following hypotheses (Figure I):

% Hypothesis 1 (H1). A CDSS presenting
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Figure 1 Conceptual model. Dotted grey lines represent control factors.

information congruent with the MDTs’ shared
mental model structure enables the MDT to
discuss the patient case with the complete set of
relevant multidisciplinary information in mind.

% Hypothesis 2a (H2a). The MDT shared mental
model of a case will have a positive effect on
objective decision outcome, manifested in spotting
relevant—possibly discordant or incomplete—
diagnostic findings and contra-indications for
treatment and appropriately adapting diagnosis and
treatment strategy (vs. baseline).

% Hypothesis 2b (H2b). The MDT shared mental
model of a case will have a positive effect on self-
perceived decision outcome, manifested in higher
perceived decision quality and confidence.

Case mix and team composition are other important
factors influencing the team decision-making and therefore
potential confounders to our study (9). Case mix and team
composition were included as control factors in the study
design as defined in the study methods section.

Methods

The study was designed to closely mimic actual MDT
meetings. This level of realism is reflected in all aspects of
the study design, including the selection of participants and
team composition, room setup, case mix and protocol.

CDSS prototype

A CDSS prototype was developed to present case-relevant
multidisciplinary evidence for lung cancer diagnosis
and staging, stage-appropriate treatment selection and
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treatment-influencing factors such as patient fitness and
comorbidities. Parameters were selected in line with
the clinical guidelines at the time of study (National
Comprehensive Cancer Network, NCCN) and included
findings from radiology, biopsy procedures, pathology and
molecular diagnostics as well as patient fitness indicators
including lab tests, functional tests, and clinical data such
as information on cancer history and comorbidities, patient
preferences and living status. A full set of parameters is
available in Table S1.

The User Interface (UI) of the CDSS is shown in
Figure 24 and Figure S1. The Ul was optimized to present
the diagnostic findings in line with oncological mental
models: starting with diagnosis and staging, followed by
treatment selection as two consecutive screens. Within
the diagnosis screen, diagnostic findings were organized
according to TNM classification structure: primary tumor
(left side of screen), regional lymph nodes (middle) and
distant metastasis (right) congruent with oncology shared
mental model structures (4).

Co-visualization of this data was optimized to assess
these findings in conjunction rather than as individual
findings, thereby allowing spotting data completeness and
discordance in diagnostic findings. Figure 2B shows an
illustrative example that shows at a glance the diagnostic
test results of a lesion in the right upper lobe (RUL)
where the CT was inconclusive (yellow), PET suspicious
(red), cytology suspicious (i.e., adenocarcinoma: red) and
histology not available (grey). Benign findings are shown in
green. A similar structure is used to represent findings on
regional lymph node metastases and distant metastases.

A tully functioning software prototype of the CDSS was
installed locally on an encrypted laptop. Retrospective de-
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Figure 2 Lung cancer management decision support system. (A) Overview of screens. Note: this screenshot shows synthetic data only for

privacy purposes. The dates corresponding to the diagnostic events in the timeline are omitted in this figure for privacy purposes. (B) Zoom-

in: presentation of multidisciplinary evidence and discordance assessment.

identified data of n=8 primary lung cancer patients were
loaded locally into the prototype. For the purpose of this
study, this data was entered manually into the prototype
from the EMR. Actual deployment into clinical practice
will require further integration with I'T systems such as the
EMR, as will be elaborated on in the Discussion section.

Participants

Seven medical specialists and two senior pulmonology
residents participated as one MDT in the study,
representative of the typical team composition in a tumor
board according to local hospital practice as well as national
Dutch guidelines (23). The MDT members participated
on a voluntary basis and their time was compensated in
accordance with the Sunshine act.

The team members were senior in their medical
specialism and experienced in working together as an
MDT in a lung cancer tumor board meeting. This
allowed isolation of the effect of the CDSS on the team’s
decision-making by controlling for the potential impact
of an unfamiliar team. Members had at least twelve years

© Translational Lung Cancer Research. All rights reserved.

of experience in their medical profession, except the
pathologist (six years) and the residents. All members
participated in more than a hundred tumor boards in
general, as well as with the current team in particular.
Only the pathologist (50+ tumor boards) and the residents
participated in less tumor boards with the current team.
Detailed demographics are available in 7Table S2.

Case mix

A sample of n=8 primary lung cancer patient cases was
selected for discussion in the simulated tumor board in
this study. These were retrospective cases that the MDT
discussed more than one year prior to the tumor board
simulation and their data were de-identified. The case
mix covered a diverse set of early and late stage patients
requiring different decisions and considerations in the
tumor board. Cases mainly differed in terms of extent of the
disease and patient fitness, influencing eligibility for various
treatments (e.g., based on comorbidities and functional
tests). The historical tumor board decisions for these cases
with respect to TNM and care plan served as baseline
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Figure 3 Test protocol.

decisions in this study against which the teams adaptation of
strategy could be assessed.

Ethics procedure and informed consent

This study was approved by the Internal Committee for
Biomedical Experiments (ICBE) of Philips (No. 2017-
0075) and conducted in accordance with the Declaration of
Helsinki (as revised in 2013). Written informed consent was
obtained from the participating clinicians.

The study protocol
The study consisted of four phases (Figure 3). The first

phase took place one week prior to the simulated tumor
board. In this introduction phase, participants received a
1-hour training to provide a high-level understanding of
the CDSS according to a standardized training protocol.
Participants also filled out an informed consent form
and pre-test questionnaire measuring their experience
as individual specialists and team. They received a list
of patient cases for the simulated tumor board meeting.
In phase two, participants were requested to prepare the
cases “as usual”, hence individually and using the Picture
Archiving and Communication System (PACS) and
Electronic Medical Record (EMR) system as needed.

The third phase was the main focus of the study. The
MDT handled eight de-identified cases in a simulated
tumor board. These were the cases that they had prepared
in phase two. Their decision making process was objectively
captured in various ways as outlined in the measurement
section. Finally, all participants filled out a questionnaire
to measure perceived added value of the CDSS to the
decision-making process and outcome.

Room setup

The MD'T sat at a U-shaped table in a seat of their preference.

They all had a view on the two large 2K resolution monitors

© Translational Lung Cancer Research. All rights reserved.
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mounted to the wall. The monitors showed the PACS with
radiology images (left monitor) and the CDSS prototype
(right monitor).

The chairman operated the CDSS prototype from a
monitor in front of him. The eye-tracker was mounted to
the monitor to register gaze patterns of the chairman on the
screen during the tumor board discussion.

In addition, several clinicians had access to other systems
on demand. The radiologist and nuclear medicine specialist
sat behind their regular 4K PACS viewer presenting the
radiology images to the team while also having a direct view
on the radiology reports. The pathologist had access to the
Pathology Information System in case detailed pathological
information was required.

Measures and measurement instruments

Triangulation of various measurement instruments was used
in this study to capture perception, cognition and behavioral
components of decision making driven by the CDSS.

Eye-tracker measures perception and attention focus: the
gaze pattern of the chairman pulmonologist was recorded
using a Tobii Pro X3-120 eye-tracker and analyzed using
"Tobii Studio 3.4.8 software (Tobii Technology: Danderyd,
Sweden). The eye-tracker recorded the eye movements of
the chairman on the user interface of the CDSS, including
the focus points, duration and sequence. This allowed the
researchers to understand which pieces of (discordant)
information in the CDSS (recorded by the eye-tracker)
triggered the team to change its strategy (analyzed using the
audio-visual recording).

Audio-visual recording of cognition and reasoning: the
team’s clinical decision-making process was verbalized
naturally as part of their simulated tumor board discussion
(think aloud method) and recorded using an audio-visual
recording system. Video analysis of the team’s decision-
making was performed by two trained observers to identify
the points in the tumor board discussion where strategy
adaptation from baseline occurred.
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Objective decision outcome: case decisions such as TNM
and clinical stage, as well as the proposed care plan were
captured by the CDSS. These were compared against the
baseline decisions that were made more than 1 year prior
to the simulation to identify cases involving care strategy
adaptation.

Self-perception: a pre-test questionnaire was
administered to measure control factors, specifically the
team members’ level of experience in their profession
and experience working together as a team. A post-test
questionnaire was administered to measure the team
members’ level of shared mental model of the patient
case and perceived decision quality, as well as relevance,
readability and understandability of the clinical data
presented by the CDSS. A list of measurement items is
presented in Table S3.

Results
Clinically corvect and usable CDSS

Whether or not the CDSS is clinically correct and usable
are important preconditions for the CDSS to have a
positive effect on the shared mental model and decision-
making of the team. The MDT members generally found
that the CDSS contained the relevant information to assess
the case (median =4; min =4; max =5 on a 5-point scale).
Recommendations were made to include patient complaints
and additional granularity in level of suspicion for
malignancy. Participants also found the information easily
readable (median =4; min =4; max =5 on a 5-point scale) and
understandable (median =4; min =4; max =5 on a 5-point
scale).

Team decision-making process

Participants generally found that they had a better
multidisciplinary perspective of the case using the CDSS,
compared to their regular way of working without the
CDSS (median =4; min =3; max =4 on a 5-point scale, 2
missing data points). This multidisciplinary understanding
represents their shared mental model of the case. The
nuclear medicine physician further emphasized the
importance of information structure representing shared
mental models by indicating “particularly the lymph node
stations (...) were discussed more systematically and thus
better”.

Participants also reported that the CDSS increases

© Translational Lung Cancer Research. All rights reserved.
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the self-corrective capacity of the team (median =3.88;
min =3; max =4 on a 5-point scale, 1 missing data point).
Particularly, participants indicated that the CDSS aided
them in not overlooking relevant information (6 better or
much better with the CDSS than without the CDSS; 2
neutral; 1 missing), challenging each other’s findings and
proposals (6 better; 2 neutral; 1 missing), stimulating a
critical attitude (5 better; 2 neutral; 1 worse; 1 missing) and
preventing tunnel vision (6 better; 2 neutral; 1 missing).
This facilitates countering “groupthink” which is one of the
biggest potential treats in group decision-making; it is “the
mode of thinking that persons engage in when concurrence-
seeking becomes so dominant in a cohesive in-group that it
tends to override realistic appraisal of alternative courses of
action” (24).

In sum, this evidence supports Hypothesis 1 by
demonstrating the positive impact of well-designed CDSS
in creating shared mental models of the case (Hypothesis 1).

Case-based analysis of team decision-making outcome

Discussion outcomes (diagnosis and care plan) of the eight
cases that were discussed by the MDT were compared
against the baseline decisions to isolate cases that involved
care strategy adaptation. Three out of eight cases showed
strategy adaptation from baseline.

The combined results of the eye-tracker analysis
(perception), decision making process (cognition) and
objective decision outcome (behavior) are depicted in
decision diagrams in line with Klein and Sullivan (25).
Figure 4 and Figure S2 show the three cases where strategy
adaptation was observed. The top of the diagrams shows
the MD'Ts decision-making process, analyzed based on the
audio-video recordings. The diagram shows in light grey
the baseline considerations from the original case reports
in light grey, as a benchmark for the decision process as it
was observed in this study in dark grey. From left to right
it shows the considerations that were made by the MDT
(vellow circles) along with the teams decisions to these
considerations (lines coming out of the circles). The final
decision of TNM stage and care plan proposal are depicted
on the right.

The lower half of the diagrams show the results of the
eye-tracking analysis of the chairman’s gaze data in the
corresponding episodes. The Ul screenshots contain a heat
map overlay, where red spots represent areas of the screen
where most attention was paid to. The set of red rectangles
represent the accumulation of insights gained and verbalized
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Figure 4 Case A.

by the MDT, triggered by the patient data on the CDSS.

Case A

The decision course analysis of case A is shown in
Figure 4. In the baseline situation, i.e., the tumor board one
year prior to the current study, the patient was diagnosed
with ¢T1bNOMO disease. The corresponding treatment
options according to NCCN guidelines were surgery or
radiotherapy. It was decided that the eligibility for these
therapies was dependent on the fitness of the patients,
which needed to be assessed further by the geriatrist.

© Translational Lung Cancer Research. All rights reserved.

In the current study, the patient was also diagnosed with
c¢T1bNOMO disease. The CDSS further revealed that the
patient was sufficiently fit with respect to pre-operative
pulmonary function, whereas the fact that he also had a
cerebrovascular accident (CVA) and was an elderly patient
triggered the MD'T5 preference for SABR radiotherapy over
surgery.

This difference in decision outcome reveals that the
CDSS supports the MDT to take the holistic patient
understanding into account—including patient fitness—to
define personalized therapy.
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Case E

The decision course analysis of case E is shown in
Figure S2. In the baseline situation, the working hypothesis
for this patient was ¢T3NOMO disease. Also, it was not
decided during the tumor board meeting to request a brain
MRI scan.

In the current study, the MDT decided that N1 disease
could not be excluded based on the available evidence,
and hence lymph node station 12R should be included in
the treatment. More specifically, the CDSS revealed that
both CT and PET scans concordantly showed a suspicious
finding in the 12R lymph node region. The CDSS further
revealed that subsequently, an EBUS was performed, but
that it was unclear from the EBUS report whether 12R
was assessed in that study. This led the team to conclude
that N1 disease could not be ruled out (working hypothesis
N1) and hence 12R should be included in treatment. Also,
an MRI of the brain was requested, in line with clinical
guidelines, triggered by the stage information in the CDSS.

This case reveals two interesting differences from
baseline. First, it shows that simultaneous presentation
of diagnostic test results of the lymph nodes enabled the
MDT to consider them in conjunction. The concordant
suspicion on imaging combined with the cue that EBUS
did not conclusively cover the 12R station was driving the
N1 decision, versus NO working hypothesis in the baseline
situation. Considering that the individual test results
were equal in both scenarios, the suspicious radiology test
results apparently had less decisive impact on the baseline
decision, even though the coverage of the EBUS was not
conclusive.

Secondly, ¢T3NO stage in baseline and ¢’ T3N1 stage
working hypothesis are both indications for requesting a
brain MRI scan according to clinical guidelines. Only in
this study, it was actually requested during the tumor board
meeting, triggered by the CDSS as indicated above.

Case G

In case G a similar reasoning process was observed (see
Figure S2 for the visual representation). In the baseline
situation, the working hypothesis was ¢T3N1IMO disease.
Also, it was not decided during the tumor board meeting to
request a brain MRI scan.

In the current study, the MDT team decided that
N2 disease could not be excluded based on the available
evidence, and hence lymph node station 4R should be
included in the radiation field. More specifically, the CDSS
revealed that both CT and PET scans concordantly showed

© Translational Lung Cancer Research. All rights reserved.
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suspicion in the 4R lymph node station. The CDSS further
revealed that an EBUS-TBNA was performed, and in the
cytology report 4R was described to be a reactive lymph
node. However, the discordance between this finding and
the strong suspicion on both CT and PET led the team to
conclude that N2 disease could not be conclusively ruled
out (working hypothesis N2) and hence 4R should be
included in radiation field. Also, an MRI of the brain was
requested, in line with clinical guidelines.

This case reinforces the added value of the CDSS
that was also observed in case E. Again, it shows that
simultaneous presentation of diagnostic test results of
the lymph nodes enabled the MDT to consider them in
conjunction. The nuclear medicine specialist indicated that
the PET scan showed considerable FDG-uptake in enlarged
lymph node 4R. The MDT discussed the discordance of
this finding with the negative EBUS-TBNA cytology result.
The CDSS reinforced this insight of discordance to the
team throughout the decision making process.

Secondly, ¢T3N stage in baseline and ¢T3N2 stage
working hypothesis are both indications for requesting a
brain MRI scan according to clinical guidelines. Only in
this study, it was actually requested during the tumor board
meeting.

In sum, these results support Hypothesis 2a, since
the CDSS allowed the MDT to spot relevant -possibly
discordant or incomplete- diagnostic findings and
contra-indications for treatment leading to appropriate
adaptation of diagnosis and treatment strategy compared
to baseline.

Perceived decision quality and confidence

The positive impact of CDSS on the team’s decision-
making demonstrated above on case-level was recognized
by the individual team members. Participants generally
indicated that the CDSS enables them to get to higher
quality decisions in the tumor board (median =3.75 out of
5; min =3 and max =4) compared to their normal way of
working, particularly on the component tasks that lead to a
high quality tumor board (26). These are: to understand the
main problem of the patient (4 better with the CDSS than
without the CDSS; 4 neutral; 1 missing), to define a TNM
stage (5 better or much better with the CDSS than without
the CDSS; 2 neutral; 1 missing), and to define a balanced
care plan, taking into account potential risks to the patient (3
better with the CDSS than without the CDSS; 5 neutral; 1

missing).
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These finding partially support Hypothesis 2b: the MDT
shared mental model of a case had a positive effect on self-
perceived decision outcome, manifested in higher perceived
decision quality.

Interestingly, the team’s confidence in their decisions was
equal compared to their regular way of working (median =3,
min =2.5 and max =4). This might indicate that the insight
provided by the CDSS in concordance/discordance across
disciplines is something that the individual MDT members
are not necessarily aware of. In other words, it seems to
reflect a latent need at the team level rather than at the level
of individual team members.

Discussion
Best decisions and self-correcting teams

Lung cancer decision-making is inherently complex and
uncertain. Diagnostic findings always carry a certain
probability of being false-negative or false-positive, and
eligibility for therapy is a careful consideration that depends
on a variety of factors. Hence, differences in decision
outcome can to some extent be a result of natural variation.

Nonetheless, this study presents initial evidence for
the potential of CDSSs that are explicitly designed for
multidisciplinary interpretation of diagnostic evidence in
conjunction with each other, and surface discordance across
multiple medical disciplines and diagnostic findings at the
patient level. The CDSS in this study was demonstrated
to be capable of triggering multidisciplinary discussion,
directing focus of the MDT particularly when findings
were inconclusive or discordant. It enabled the team to
(re)discuss those findings explicitly in the context of other
relevant findings, deliberately consider the consequences,
and make a final decision with the relevant objective data
in mind. This enabled the team to be adaptive and self-
corrective, based on a shared mental model of the case: the
combined findings from various individual diagnostic tests
creating an additional “safety layer” (27) in the process of
the tumor board meeting. Such a self-correcting safety layer
can make the tumor board meeting outcome less susceptible
to negative performance factors inherent to tumor boards
such as team decision-making under time pressure and
negative team dynamics (9,10,28). Besides, discrepancies
between diagnostic findings or incomplete diagnostic
workup can potentially be identified and resolved before the
tumor board meeting, to prevent unnecessary delays in care
delivery.

© Translational Lung Cancer Research. All rights reserved.

Iimplementation into clinical practice

From a practical point of view, implementing a decision
support system is not just “switching on” a CDSS that will
instantly enable cross-validation of diagnostic findings,
surface discordance between diagnostic tests, and spot
contra-indications for personalized treatment selection.
The MDT team and the Information Technology (IT)
department will initially need to invest time and be open to
change(s) in the care path in order to let the CDSS “work
for them” and to display quality improvement in decision
making and the care path.

Optimizing data exchange and system interoperability
is an essential element. For the purpose of this study the
method of data input was manual data entry into a research
prototype. However, the final product aims to pull data
using various extraction techniques from various underlying
systems. This includes transfer of structured data (e.g., lab
values from LIS) as well as parsing of unstructured radiology
and pathology reports using techniques such as Natural
Language Processing (NLP). Also, decisions captured in
the CDSS tool would be exportable (e.g., through PDF
format) back into the EMR or for report-out to the General
Practitioner (GP), and subsets of structured data could be
made available for exporting to cancer registries.

Once the data is in the system, it can be deployed at
different points in the clinical workflow. The best way
to integrate a CDSS into the clinical workflow is to set
strategic aims in terms of expected efficiency gains and
outcome improvements. For example, the CDSS could
be used already before the MDT meeting to triage which
cases need to be discussed by the MDT. If all the data for a
specific patient is there and no data points towards deviation
from guidelines (i.e., “straight forward case”) perhaps
such cases can be handled by individual physicians. Of
course, it is essential that clinical protocols are established
to define what makes a case “straight forward” to not
require discussion in an MDT. During the MDT meeting
such tools can drive efficiency by allowing the MDT to
focus their discussion time on cases that are complete. For
instance, hospitals could aim to discuss only patients of
which the essential data is available in the decision support
system.

Once the CDSS has been integrated into the clinical
workflow, the generated data can be used to improve quality
of care and reduce workload. The CDSS will not only
streamline the decision making process of the MDT but
also provide insight into quality and efficiency of care.
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Conclusions

"This study shows the potential of CDSS on clinical decision
making, when these systems are properly designed in line
with clinical workflow. The CDSS supported the team in
their self-correcting capacity for under- and over-staging.
It enabled cross-validation of diagnostic findings, surfaced
discordance between diagnostic tests and facilitated defining
a TNM based on the collected evidence. Finally, the
system enabled spotting contra-indications for personalized
treatment selection. Additional research is needed to further
test these hypotheses quantitatively in a larger sample of
cases and MD'Ts.

This study also proposed and tested a triangulation
methodology for assessment of CDSS solutions, through
a combined set of measurement instruments that capture
perception, cognition and behavioral components of
decision making driven by the CDSS. The developed test
setup in this study, using a triangulation of decision-analysis,
eye-tracking and self-reported data enables assessment of
the impact of CDSS design on clinical decision making and
optimization of CDSSs to maximize their effect on decision
quality and confidence.
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Supplementary

Table S1 List of clinical data. The following clinical data items were shown on the CDSS

ltem

Corresponding fields in CDSS (specify per case what is available & relevant)

Demographics

Radiology findings

Pathology findings

Biomarkers

Medical history and
performance status

Psycho-social or supportive
needs

Lab results

Functional tests

Case owner request

Patient ID

Name

Age

Gender

All relevant radiology findings
Tumor (location, size, number of lesions, and other T-descriptors)
Regional lymph node metastases (lymph node stations involved)
Metastases (location, size, number of lesions, and other M-descriptors)

All relevant pathology findings obtained from the primary tumor, regional lymph node metastases or
distant metastases (cell type, cytological/histological proof of malignancy)

Includes relevant genetic aberrations

History of cancer

Comorbidities

Patient care path (for current cancer)

WHO-PS

Geriatric score

Smoking status (never/quit/current, pack years)
Asbestos exposure

Medication (anti-coagulants, chronic steroid use)
BMI

Patient/family wishes and preferences

Living status

lab values outside of normal range

Pulmonary function

Question/proposal of case owner to multidisciplinary team
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Medication
Anticoagulants No

Chronic steroid use No

Figure S1 Lung cancer management decision support system. Note that these screenshots show a realistic case, but are based on synthetic

data only for privacy purposes.



Table S2 Study participant demographics

Medical specialism Gender Age Specific responsibilities in tumor board meeting beyond medical role
Pulmonologist 1 M 46-55 Chaired the tumor board session
Operated the CDSS and take meeting notes in the CDSS
Pulmonologist 2 M 46-55 None
Radiologist F 46-55 Operated the Picture Archiving and Communication System (PACS) system
to view radiology images
Nuclear medicine physician M 46-55 None
Pathologist M 36-45 None
Cardio-thoracic surgeon M 56-65 None
Radiation oncologist F 46-55 None
Medical resident pulmonology 1 M 36-45 Introduced cases 1-4
Medical resident pulmonology 2 M 26-35 Introduced cases 5-8

Table S3 Measurement instruments

Construct

Dimension

Measurement instrument

ltems/data

Questionnaires

Clinical decision
support system
(CDSS)

Team decision-
making process

Decision outcome
(perceived)

Objective measures

Decision outcome
(objective)

Information relevance

Information readability and
usability

Shared mental model

Performance monitoring,
measured through
groupthink based on
(Janis IL. Groupthink.
Psychology Today
1971;5:43-46)

Perceived decision quality
adapted from (26)

Perceived decision
confidence

Attention focus

Strategy adaptation

The CDSS contains the relevant information that |
need during a tumor board

Was the information on the CDSS readable?
| found the CDSS easy to understand

Did you have a complete multidisciplinary
understanding of the case, compared to your regular
way of working?

Did the CDSS help or hinder you in the following
aspects, compared to your regular way of working?

To ensure relevant information is not overlooked
To challenge each other’s findings and proposals
To stimulate a critical attitude

To prevent tunnel vision

Did the CDSS help or hinder you in the following
aspects, compared to your regular way of working?

To understand the main problem of the patient
To define a TNM stage

To define a balanced care plan, taking into account
potential risks to the patient

How much confidence do you have in the decisions
made, compared to your regular way of working?

Tobii eye-tracker

Audio-video analysis; TNM and care plan

Scale from 1 (totally
disagree) to 5 (totally agree)

Scale from 1 (totally
disagree) to 5 (totally agree)

Scale from 1 (much worse
with the CDSS) to 5 (much
better with the CDSS)

Scale from 1 (much worse
with the CDSS) to 5 (much
better with the CDSS)

Scale from 1 (much worse
with the CDSS) to 5 (much
better with the CDSS)

Scale from 1 (much worse
with the CDSS) to 5 (much
better with the CDSS)

Gaze data of the tumor
board chairman

Verbalized team strategy
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