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Abstract

Cancer management, including supportive care, is complex and requires availability and synthesis
of published and patient-specific data to make appropriate therapeutic decisions. Clinical decision
support (CDS) may be an effective implementation strategy to support complex decision making
although it is unclear whether it improves process outcomes, patient outcomes or both in cancer
settings. We therefore conducted a systematic review to identify CDS that have been used to
support therapeutic decision making in clinical cancer settings. Outcomes of interest included the
effect of CDS on the process, such as clinician’s decision making and effect on patient outcomes.
Ten studies met inclusion criteria, with variability in the study design, setting, and intervention. Of
the nine studies that measured process outcomes, five demonstrated significant improvement; and
of the six that measured patient outcomes, four demonstrated significant improvement. All
included studies utilized CDS that were informed by clinical practice guidelines. In conclusion,
CDS to guide cancer therapeutic decision making is an understudied but promising area. Further
research is needed.
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1. Background

Forty percent of the US population will be diagnosed with cancer during their lifetime, and
although the treatment and prognosis depends on the type and stage of cancer, the majority
of cancer patients will undergo intensive treatment either for curative or palliative intent [1].
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Further, provision of supportive care is important to maximize quality of life during
treatment and to minimize late effects of therapy. Although treatment guidelines have been
developed for many cancers, decision making for cancer management is complicated
because many factors influence the best treatment plan for an individual patient. First, the
era of genomic testing and precision medicine has introduced a more complex treatment
landscape due to the heterogeneity of cancer as a disease and provided insight into
individual susceptibility to toxicities and late effects [2]. Second, factors such as patient age,
patient functional or clinical status, patient or provider preferences and values or patient
insurance status may influence the prescribed treatment plan [3,4]. Finally, our ability to
predict, diagnose, and treat both cancer- and therapy-related toxicities has improved greatly,
and this sometimes allows for multiple options for an individual’s treatment plan. For each
clinical decision, providers are expected to have the most updated information to inform
shared decision making with a patient and their family [5,6].

In addition to the complexities of clinically managing cancer, the burden of cancer continues
to increase, primarily due to an aging population [7]. The increasing burden of cancer and its
costs impact upon clinical demands and overall care delivery [8]. Health information
technology (HIT) has frequently been cited as a main driver to any proposed solution. HIT is
a key contributor to harnessing “big data” and allowing the healthcare system to learn from
every patient, better predict the best treatment options and ultimately, deliver high quality
care [9]. With exponentially-increasing volumes of data becoming available through
electronic health records (EHR) and technology available to process and translate these data
into usable predictive algorithms, a rapid learning health system for cancer care seems more
tangible than ever [10].

Clinical decision support (CDS) is a HIT tool that processes patient-specific information
through a previously-determined algorithm and provides clinicians with a data-driven
recommendation to support clinician decision making at the point of care [11]. Three
concepts, or pillars, are required to give CDS the best chance of success in a clinical setting:
a strong evidence and knowledge base, clinician adoption, and consistently-updated
information [12]. CDS tools or systems were first developed prior to the widespread use of
technology in healthcare, and were usually paper-based and knowledge-driven rather than
data driven. Although some early CDS systems demonstrated improvement in care delivery,
commonly-cited barriers to CDS implementation included poor integration into clinical
workflows and inability to constantly update the knowledge base in the CDS tool [13-15].
Electronic and automated CDS were subsequently developed to overcome these barriers, and
implementation of CDS has greater success if it is interoperable and integrated with the
EHR [16]. With suboptimal or lack of interoperability with the EHR, a CDS may not be
perceived as useful and accepted into a busy clinical workflow. Ever-increasing HIT
capabilities, however, allows novel approaches to address these barriers, and CDS is now
considered a highly-valued component of improving care delivery across the healthcare
system [11,17]. Specifically in cancer, CDS has showed promise in cancer screening,
prevention, diagnostic, and surgical or radiation oncology settings [18-23].

The benefits of CDS in settings where cancer is clinically managed, specifically to provide
decision support for disease-directed therapy or supportive care management, however, are
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not well known. It is unclear whether CDS in these settings improves process outcomes,
such as provider adherence to CDS recommendations, patient outcomes, such as reduction
of symptoms or satisfaction with care, or both. Cancer-specific CDS in therapeutic settings
should process the current evidence and provide relevant patient-specific knowledge and
decision support in an understandable and usable format at the point of clinical care. If
integrated into a healthcare setting effectively, CDS may help to support appropriate,
evidence-based care and ultimately improve patient outcomes in cancer management. The
purpose of this systematic review is to: 1) describe clinical decision support systems that
have been used in clinical cancer settings to guide therapeutic decision making, including
supportive care management, and 2) measure the effect of CDS on care delivery process and
patient outcomes.

2. Methods

2.1. Search strategy

Four databases, PubMed, EmBase, OVID Medline and Institute of Electrical and Electronics
Engineers (IEEE) Xplore, were searched to identify studies where electronic or automated
CDS was tested to guide cancer therapeutic decision making, including supportive care
management (see Appendix 1 for search strategy). The search strategy was developed in
consultation with an informationist at the primary author’s academic institution following
the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines [24]. This study was registered in Prospero (https://www.crd.york.ac.uk/
PROSPERO/#recordDetails) and the eligibility criteria for included publications was defined
a priori. Our search included studies from database inception through November 2018; we
also conducted an updated search in April 2019 to identify any recent publications. For this
study, we defined CDS broadly, and searched for terms including: CDS system, decision
support system, decision aids and expert systems in our search terms. These terms were
based off of prior publications [11,12,25]. Inclusion criteria were 1) an electronic-based
CDS; 2) studied prospectively in an oncology setting after the diagnosis of cancer had
already been made; 3) delivered CDS to a clinician; 4) the CDS provided therapeutic
recommendations; 5) original research study; and 6) full text article was available. Pilot
studies were included as long the outcome, effect on care delivery process and/or patients,
was reported. Studies were included regardless of publication date or language of
publication. We excluded studies using a CDS to support cancer screening, cancer risk-
assessment, or cancer diagnosis as these clinical settings often differ from settings where
cancer is treated, and symptoms are managed. Similarly, we excluded studies where CDS
guided surgical decision making, as this differs from therapeutic decision making. We
excluded studies that were conducted retrospectively or post-hoc analyses of primary data.
We also excluded studies that only involved the patient and not clinician as this does not fit
our a priori definition of clinical decision support but rather falls into symptom screening.
Reference lists in the full-text reviewed articles were examined, and relevant articles were
included for review.
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2.2. Screening, abstraction, appraisal and analysis

All eligible studies were entered into an EndNote database and then de-duplicated using the
Bramer Method [26]. All citations were then independently screened by two reviewers (MB,
MM) by title and abstract using Covidence; [27,28] reason for exclusion was documented.
Any potentially relevant citations were then included in the full text review and the same
procedures were repeated. Discrepancies were reviewed, and final consensus was achieved
with a third reviewer (RS), when necessary.

After full text review, variables of interest for the data synthesis were extracted from each
included article by two reviewers (MB and MM). These included: 1) disease(s) or
symptom(s) being treated, 2) geographic location of study, 3) the proportion of clinicians
who adhered to the CDS recommendation, 4) patient disease or symptom outcomes, 5) if the
CDS recommendation was based on a clinical practice guideline (CPG), 6) if the CDS was
linked or integrated into the EHR. The Joanna Briggs Institute Critical Appraisal Checklist
for Quasi-experimental Studies was used to determine the study quality of the included
articles [29,30]. Studies received 1 point for every component met, and total score indicated
study quality with 1-3 low, 4-6 moderate, and 7-9 high. Two reviewers (MB and MM)
completed the checklist for each of the included studies, and any discrepancies were
reviewed for consensus with a third reviewer (RS), when necessary.

All studies were described qualitatively. The CDS were described by study type, geographic
location, disease or symptom studied, CDS characteristics. The outcomes of interest were
described and synthesized by effect on clinician and/or patient.

3. Results

3.1. Search results

Our initial literature search retrieved 951 citations; after de-duplication, 663 studies were
included for title and abstract screening. Reasons for excluding 565 are listed in Fig. 1; most
studies were excluded either because they described the technical CDS development process
or they were clinical practice guidelines and not CDS studies. Ninety-eight studies were
included in the full-text review, two of which were identified by reference searching, and ten
unique, original studies met our inclusion criteria and were included in the final review.

3.2. Description of studies

Table 1 summarizes the characteristics and findings in each of the ten included studies. Five
were prospective, pre-post designs comparing the effect of the CDS intervention to a prior
period without the intervention. Four were single-arm interventional studies, one with
multiple time points [31], two utilizing historical controls as a comparison group [32,33],
and one without a comparison group [34]. Only one study was a randomized control trial
(RCT) [35]. Three studies were conducted in the United States (US), and the remaining
seven were conducted in Europe.

Of the ten included studies, three provided decision support for cancer-directed treatment,
specifically breast cancer, and the other seven for supportive care or symptom management.
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Of the latter seven, the most common symptom was cancer-related pain (n = 3). Notably,
two of these seven studies approached cancer-related symptoms broadly, assessing and
providing decision support on multiple symptoms [31,36] while one study focused on
patient distress [37].

The CDS interventions themselves varied. Three of the studies utilized the same CDS,
OncoDoc, however, each study described a different study design or a different setting [32—
34]. The seven studies where the CDS was symptom-focused utilized distinct CDS systems.
Six of these interventions utilized patient-reported symptom information that fed the CDS
algorithm to prompt and guide a clinician response [31,36—40]. Three of the ten included
studies had CDS interventions integrated into the EHR; one of these studies disclosed the
EHR vendor as Epic Systems Corporation [37-39,39]. However, all included studies
reported that the CDS provided recommendations from a published clinical practice
guideline.

3.3. Outcomes

3.3.0.1. Process outcomes—There was variability in the outcomes of the ten included
studies (Table 1). Although all of these studies included the clinician in the intervention as
an inclusion requirement, one study did not measure process outcomes or an effect on the
clinician’s behavior [36]. Of nine studies that included process outcomes, five studies
demonstrated an improvement in the clinician adhering to the CDS recommendation, four of
which were statistically-significant (all with p <.001). Two studies did not show a
significant difference, and the remaining two studies only provided an estimate of provider
adherence. The effect varied and due to different process outcome measures, such as
adherence to the recommendation (yes/no), provider intervention based on the CDS (yes/
no), or deviation from CPG (multiple measures reported), summarizing the magnitude of
benefit would not be appropriate. Table 1 provides further details about the individual
process outcomes and effects.

3.3.0.2. Patient specific outcomes—Patient outcomes were measured in six of the
ten included studies. One study assessed mean hemoglobin levels [41], and the remaining
five studies assessed patient-reported symptoms, or patient satisfaction (pain n = 3, multiple
symptoms n = 1, distress assessment satisfaction n = 1) [31,36-38,40]. Four of these six
demonstrated an improvement in symptoms or in satisfaction with their care for the patients
treated by CDS-informed providers (provided between-group differences with p <.05); [36—
38,41] and the other two showed no difference in groups. In the studies that showed
improvement or benefit to the patient, the outcome measures varied, including pain scores,
measured using different instruments, patient satisfaction scores, treatment impact scores,
and mean hemoglobin levels. A more in-depth summary of patient-specific benefit cannot be
accurately described because of variability in outcome measures and definitions. Table 1
provides further details about the patient outcomes and effects. None of the studies reported
a worsening of symptoms or adverse effect related to the CDS.

3.3.0.3. Comparison by outcome—Studies that measured both process outcomes and
patient-specific outcome measures (n = 5) varied in the agreement of the outcome effects.

Int J Med Inform. Author manuscript; available in PMC 2020 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Beauchemin et al.

Page 6

Three of these studies reported significant improvements in both process and patient
outcomes, and all three CDS focused on symptom management: anemia, emotional distress,
and pain [37,38,41]. In addition, two studies, Bertsche et al and Li et al, were integrated into
the EHR [37,38].

3.4. Appraisal

Table 1 presents the quality score of the studies that were included in this review using the
Joanna Briggs Institute quality appraisal tool [30]. Overall, the study quality was determined
to be moderate to high with a mean score of 6.8 out of 9. Most studies explicitly asked a
research question, defined a comparison or control group, and stated the study period for
each group. In addition, attrition was low. Studies published prior to 2009 scored lower than
more recent publications.

4. Discussion

This systematic review of the literature provides a comprehensive summary of the existing
studies that have been conducted utilizing CDS to guide therapeutic decision making in
cancer settings. We identified ten studies that suggest a trend toward both provider- and
patient-benefit. The small number of studies and variable outcome measures, however, are
suggestive that this is an understudied area and the effect from CDS interventions on patient
outcomes is unclear. Of the nine studies that measured process outcomes, five demonstrated
an improvement; and of the six studies that measured patient-specific outcomes, four
demonstrated improvement. The findings are discussed here in further detail.

First, because only ten studies met our inclusion criteria, it appears that although there has
been much emphasis on utilizing CDS to guide decision making in cancer [11], these
systems have not yet been developed, tested, or published. Our initial literature search
identified many studies where CDS systems or tools were under development, with many
technical aspects described in detail. Therefore, it may be that these studies have not yet
been developed into full, testable CDS or that other barriers have developed. Conversely, it is
also possible that CDS have been developed and are being utilized to guide therapeutic
decision making in cancer, but they have not been studied or published. For example, a 2013
ASCO abstract reported on the development of a CancerLinQ CDS that would provide
treatment decision support for breast cancer through an algorithm that made the ASCO
guidelines machine readable and patient-tailored through CancerLinQ, a rapid learning
system for oncology [42]. This suggests that therapeutic CDS have been developed and are
potentially in use but not yet published.

However, it is also possible that CDS relevant for certain diseases and symptoms have not
yet been developed at all. This may be due to two possible reasons. First, the heterogeneity
of cancer and cancer symptoms may threaten the validity and reliability of a CDS even
within a certain cancer setting. For example, the OncoDoc studies encountered many
challenges incorporating the complexity of breast cancer treatment into its algorithm and
required multiple iterative updates to the algorithm. In addition, common barriers to
technology-based approaches, such as cost, usability, and integration into workflow are well-
established and may contribute to the lack of full CDS development in this area [11].
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Another reason for the small number of studies that were identified may be related to the
definition of CDS. We defined CDS as an electronic or automated tool or system that
processes current evidence in the context of patient-specific information to provide
knowledge and decision support to the clinician at the point of clinical care. We only
included studies that provided decision support directly to a clinician and was then
anticipated to be delivered to the patient.

Our results differ from a recent systematic review of CDS systems in oncology practice [43].
This review focused on CDS systems used to diagnose, treat, and manage cancer and
identified 24 studies. In contrast, our review excluded the diagnostic period, resulting
different studies for inclusion for analysis. A major difference, however, relates to variability
in definition of CDS. Our search strategies differed slightly, including our inclusion of the
terms “expert system” and “decision aid” [11,12,25]. We did not include CDS for “clinical
pathways” or “online order entry”. Finally, we defined clinical decision support as a system
or tool that provides patient-specific information and a recommendation for management to
the provider. We excluded studies where patient-reported symptoms were captured and
informed a prompt for follow-up by a clinician if it did not describe the decision
recommended to the provider.

There has recently been focus on automated patient-reported symptom screening linked to
automated feedback directly to the patient. For example, Basch et al. have extensively
studied a symptom tracking and reporting system that can link to automated feedback
compared with nursing feedback through an email notification [44]. Although these studies
are promising from a symptom self-management approach, they do not meet our definition
of CDS as the nursing feedback model did not provide decision support to guide the nursing-
patient interaction. Importantly, however, this approach has demonstrated a significant
improvement in overall survival for patients in the intervention arm, meaning that systematic
screening of patient-reported symptoms is associated with better patient outcomes [45]. An
earlier study by Sikorskii et al compared two multi-modal interventions for symptom
management and found that both an automated intervention and a nurse-assisted intervention
significantly reduced patient-reported symptoms (p < .01) [46] Again, this intervention did
not guide the decision making for the nurse. Therefore, in these and other similar studies
[47] it is unclear how or if high-quality feedback, such as guideline-informed care, is being
provided to the clinician. Novel approaches to this challenge, such as those included in this
systematic review by Li et al. [37], Cooley et al. [31], and Mooney et al. [36] suggest a
broad symptom screening approach linked to evidence-based guideline recommendation
may benefit patients and also be integrated into clinical workflows.

We noted patterns between studies by the outcomes measured. Process outcomes in an
implementation study of CDS serve as a surrogate outcome due to its proximity to the
intervention and may be easier to directly measure [48]. Although the goal of CDS systems
is improving patient outcomes, these may be challenging to measure and changes in patient
outcomes may have additional confounding factors that need to be considered. In this
systematic review, five of the ten included studies measured both process and patient
outcomes, and three of these reported significant improvement in both measures. In these
three studies, one studied a CDS system to improve management of anemia [41], another to
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improve management of fatigue [37], and the third to improve pain management [38]. Two
of these, Li et al and Bertsche et al, were integrated into the EHR, and these same two also
include patient-reported data that was integrated into the CDS algorithm. The remaining two
studies by Raj et al and Christ et al, where both process and patient outcomes were
measured, reported no significant improvement in either. Both studies used CDS
interventions that provided pain-management decision support. Importantly, of the studies
that measured patient outcomes (n = 6), four reported significant improvement. The
remaining two studies reported either no change or a non-significant trend toward
improvement in the intervention group; no harm or worsening of symptoms was noted.

Integration into workflows should include EHR-integration [49] however, only three of the
identified studies included EHR integration as a component of the CDS. EHR-integration,
although it may be logistically challenging to implement, may overcome some of the major
workflow challenges that many have cited in clinical decision support [11,50]. Kilsdonk et
al. conducted a systematic review of barriers to implementing CPG-based CDS systems
guided by the human, organizational and technological factors framework 50]. They found
that along with utilizing a user-center design process and providing a recommendation at the
exact time it is needed by the provider, the system should be integrated into the EHR or
computerized provider order entry (CPOE) system to offer the best chance of success in
providing useful information and improving patient outcomes. Of the three EHR-integrated
studies [37-39] two were recently published, suggesting that future research will continue to
explore this important component of CDS development. In addition, of these three that
included EHR-integration, two showed improvement in process outcomes and patient-
reported outcome measures [37,38].

The geographic location of these studies is important to acknowledge. Although CDS has
been highlighted as an important area of research focus by the National Academy of
Medicine and other US institutions [11], as well as specifically within cancer-specific
organizations, only three of ten studies were conducted in the US. This highlights an
important gap which may be related to the complex healthcare system of the US and specific
challenges of achieving the Meaningful Use goals of interoperability and health information
standards, an important contributor to CDS success and sustainability [51,52].

Finally, all included studies reported using guidelines to inform the CDS recommendation.
This is important and promising, as current recommendations include provision of evidence-
based care as a necessary component of CDS [16,17].

4.1. Limitations of this study

There are some limitations to acknowledge within this systematic review. Although we
conducted our literature search in multiple databases, it is possible that we missed relevant
studies that may be indexed elsewhere. Similarly, grey literature was not included in the
literature search, which may have limited the inclusion of pilot studies, QI initiatives, or
studies with negative findings.

Another limitation is the lack of a singular definition for CDS. We defined CDS broadly in
our search, including terms such as “expert system” and “decision aid”, however, we may
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have missed studies where CDS was the intervention and would have met our definition
criteria, but the authors used other terms. Although the informatics literature clearly states
the technology-based definition, the clinical arena is sometimes ambiguous and includes a
broad range and fast-paced integration of CPOE, order alerts, and other automated
approaches to guide clinical decision making. In addition, these initiatives may occur in
clinical practice as quality improvement (QI) initiatives that inform iterative updates to
EHR-workflow. They may therefore not be published in a peer-reviewed journal or the
clinical team leading the QI initiative may not include publication as part of their project.
This highlights the importance of rigorous science to inform implementation studies as well
as dissemination as a critical component of implementing initiatives to improve care
delivery. Both dissemination and implementation should be encouraged across the landscape
of quality improvement and assurance projects within healthcare settings.

Finally, we excluded paper-based CDS as the purpose of this study is to understand how
technology can improve care delivery. As we move toward learning healthcare systems and
interoperability goals, it is imperative that strategies to improve clinical decision making,
such as CDS, be developed in an electronic format. It is possible, however, that these
excluded studies may have been electronically-based but did not explicitly state that they
were using automation or electronic strategies.

5. Conclusion

This study highlights the available evidence related to CDS that have been used in cancer
settings to guide therapeutic decision making. Few studies were identified, signifying an
important gap that needs to be addressed in future research. The studies that we identified
had wide variability in their study setting, design and outcome measures. Encouragingly, all
studies prompted a guideline-informed recommendation to the clinician, and more recent
studies incorporated patient-reported information, supporting current initiatives toward
standardized assessment of PROs and guideline-based interventions [53,54]. Future research
should focus on continuing to develop CDS that are usable, provide recommendations that
are informed by CPGs to clinicians, are interoperable and integrated into the EHR, and
ultimately impact upon and improve patient outcomes.
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Appendix 1: Concept Box Frameworkl

Question: “In what settings have clinical decision support systems been tested in cancer
settings to guide therapeutic decision making and in what ways were they successful?”
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Concepts

Related terms

Concept A
Concept B

Concept C
Concept D

Concept E

Concept F

Concept G

Clinical cancer settings
Clinical decision support

Treatment-related

Electronic
Clinical practice guidelines

Provider response to CDS
recommendation

Patient-reported symptoms

Healthcare settings, cancer treatment

Clinical decision support system (CDSS), decision support
system (DSS), expert system, decision aid

Therapeutic, Supportive care treatment
Automated

Evidence-based guidelines, evidence-based practice, evidence-
based medicine, practice guidelines

Decision making, Provider adherence, Agreement with
recommendation

Side effects, adverse effects, patient-reported outcomes

Appendix 2: Databases and search terms utilized

Database

Search Terms

Initial
publications
retrieved

Pubmed

Embase

OVID
Medline

IEEE

(“neoplasms”[MeSH Terms] OR (“neoplasms”’[MeSH Terms] OR “neoplasms”[tiab] OR 307
“cancer”[tiab])) AND (automated[tiab] OR (“electronics”[MeSH Terms] OR

“electronics”[tiab] OR “electronic”[tiab])) AND (*“decision support techniques”[MeSH

Terms] OR (“decision”[All Fields] AND “support”[All Fields] AND “techniques”[All

Fields]) OR “decision support techniques”[All Fields] OR (“decision”[All Fields] AND
“aid”[All Fields]) OR “decision aid”[All Fields])

(“clinical decision support’:ab,ti OR “clinical decision support’/exp/mj OR ‘decision 173
aid’:ab,ti OR ‘decision aid’/exp/mj OR “clinical decision support system’/exp/mj OR

‘expert system’:ab,ti OR ‘expert system’/exp/mj) AND (‘cancer’:ab,ti OR

‘neoplasm’/exp/mj) AND (‘automate-d’:ab,ti OR ‘electronic’:ab,ti)

10 *t1and7and9

9 > 2or3ord

8 land2and3and4and 7

7 > S5or6

5] * automated.mp.

5 * electronic.mp. or Electronics/

253

4 » expert system.mp. or Expert Systems/

3 * decision aid.mp. or Decision Support Techniques/

2 ¥ clinical decision support.mp. or Decision Support Systems, Clinical/

1 » cancer.mp. or Neoplasms/

“clinical decision support” and “cancer”

218

J'Toronto Univerity. “Frameworks for creating your search question.” Accessed 2018 from https://
guides.library.utoronto.ca/c.php?g=436816&p=2978014. Published 2018. Accessed.
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Summary table

Clinical decision support may improve the delivery of high quality, individualized care.
Cancer treatment decision making is complicated by the increasing knowledge that
clinicians require, both patient-specific and from the published literature.

Although CDS has demonstrated improvement in care delivery in many settings, its
benefit has not been well-established in cancer treatment settings, specifically where
treatment and supportive care decisions are made.

This systematic review of the literature identified 10 studies where CDS was studied in
clinical cancer settings to guide therapeutic decision making.

Although few studies were identified, all of the CDS were informed by guidelines, and of
those that measured patient- or process-specific outcomes, four of six and five of nine
respectively demonstrated benefit.

In addition, terms commonly used in CDS studies, including interventions and outcome
measures, are heterogeneous and therefore challenging to interpret the benefit of CDS in
cancer settings.
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%5 953 references imported for screening

l

%5 663 studies screened

l

%5 98 full-text studies assessed for eligibility

5 10 studies included

Fig. 1.
PRISMA flowchart for literature search.
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88 studies excluded

~ Hide reasons

34 Not testing CDS

17 not original research

10 Not CDS (wrong intervention)

7 CDS not providing treatment decision making
(wrong setting), such as screening, cancer risk
assessment

7 Not cancer (wrong population)

5 No outcome data

3 Other

3 Wrong study design (retrospective)

2 not automated

0 studies ongoing
0 studies awaiting classification

Int J Med Inform. Author manuscript; available in PMC 2020 October 01.



Page 16

Beauchemin et al.

(82 =d‘%gey

sjuaned Jaoued
u1 uawabeuew
ured paseq-9do

SA 0%E°EE) 10} UOITEPUBWILIOIDS
JuswaAoldul (260 = d %6°91 'SA sSao
%G0T %0v) pabueyd 1ou W0y suoneIASp
Uz 1e eisableue paqriosald uawibal 1s1oeweyd
10 JuswuIENe ured jualaype 150d uo SSAo e Jo
EEIN EEN ON SOA  pauodai-juaired ON 9dO-NJOON 88/v1/C -3id ured 10edw 8y 1881 01 L [6€]
sjuaized Jaoued
1sealq ul SSad
e Aq papinoud
Tey} 03 pasedwod
(pa1pnis als pug)
%S5 Apnis UOISIOap JUBWIeal)
:UOIBPUSLIWIOJ3) jop1d s, ueraisAyd
SSAD yum wJe 13oued 10 ddUBIYpE
ON SOA WN ON WN WN  oouendwod lessn0  HN/IN/T - -91Buls 1seaig 3y} 1881 0L € [vel
sjuaized Jaoued
1sealq ul SSad
e Aq papinoud
(t000 > d) Teys 03 pasedwod
%€0°G8 SA %Zi' 19 Apms UOISIo3p Jusuleal)
:UOITePUSILLIODD) 1011d s, ueloisAyd
SSAD Yyum wJe J13oued 10 doUaIBYpe
ON LN VN ON VN SOA  douel|dwoo |[esn0 Ler/erT  -9buls sealg 8y} 181 0L 14 [e€]
dnoib
UOnUBAIBIUI
ut (100
>d)gzooL
W01} Paseasoap
Anianoe syuaied Jaoued
Burinp pue (10 u1 uawabeurw
* > d) abreyosip ured paseq-9dd
01 paJedwod 10} UOIIEPUAWILIOIAS
G'T0}0'E Woky (100°0 > d) %vT 0} sao
paseaidap dnoib %78 W04} UOIRINSP W01} SUOITRIASP
UonUaAIBIUI 9dD T 1se9| Jaquosald
ur SYAN 18 yum syusied Jo 1s0d uo SSAo e 4o
SOA SOA SOA SOA Aq 1591 e Ured SOA Jagwinu paseasdsq 00T/¥N/T -aid ured 1oedwi 8y} 183 01 8 [8e]
¢AWOo2IN0 ¢AWo2INo
juaited uo ss900.d uo
aulppIinG  UoIUBABIUI UoIUBA JoUI selred
woujy JO 1ouRq JO J1jouRq slepinoud 9100S
uoleBejul  pawojul ueoyiubs  paltodal (s)owooino ueoyiubs (s)owoo1n0 /1s  ubsep woldw/s Aend Jeak
-dH3 Sao  Ajeoisies  -welred welred  Ajeonsieis SS900.d 10 'ON Apnis  Joesessiq asodind Apnis g ‘loyiny
'Sainsea|\ awodINQ pue salpms papnjoul Jo Alewwins
T 3|qeL

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Int J Med Inform. Author manuscript; available in PMC 2020 October 01.



Page 17

Beauchemin et al.

(00" >

01 gzo'd) dnoif
uonuaAIauI

10} 1aMO|
Apueoniubis
aJam swoldwAs
painseaw
114007

"aJed [ensn uey}
(T00" > d) shep
9I9N3S 1AM}
xg pey dnoib
TTENVET]
"anjeA dnoib
uonuaAIauIl
-uou ays Jo
%€y (100°0 > d)
swutod Aj1ianas

Aanes woydwAs
s.juaned ays uo dn

-MO]|0} UBIDIUL|D J0}

6G°€ sem dno.f SAD paseq-9do
W UEYNET]] 0} payul| Bulusalos
J0} 10edwi (sjdnjnw) woldwAs aunnos
ON SOA SOA SOA  Juswieal UesN VN VN 85E/4N/9 104 swoldwAS  Jo 198yd 8y} 158} O 8 [og]
(50" >d'892
A £2'6) Loddns
JuBWIEa.] pue
(too' >d's.'g
A 19°8) woddns
Jeuonows
UMM UONOB)SITES
Jarealb payiodal
aWwoaul Moj
yum saied
‘(a1qe|rene
S}Nsal Jaymny
ou) Woddns
Jeuonows
UNM UO1JB)SIIeS (1dva)
1910316 100] asuodsay
Apueaiiubis (100" > d) %eE 01 PUB JUBWISSASSY
payodal 9%/ WOJ} pasealoul ssalisig 8y}
UOnUaAIBIUI uoissaldap 150d SsalisIp 10 uoneswa|dwi
SA SOA SA S8A ym siualted SaA 10} UonUBAIBIU 96T/9T/T -8ld  [euonow3 ay11s81 0L 8 [2€]
swoidwAs abeuew
(962925 110 %S6) 0} sueldIuld
%1 pabesone Apms 10} S5O 01 paxuly
UOI1epUSLLIWIOJaS jop1d Buiusalos woldwAs
s@o 01 Japinoid wre  (adnynwy) 10 Ajiqisesy
ON SBA VN SOA VN VN J0 dduUdIBYPY 88/yT/T  -9Ibuls  swoldwAs U1 1581 0L L [te]
¢AWo2IN0 ¢AWooINo
JueIred uo $5320.d U0
aulppind  uolUBABIUI UolUBA JBUI syaired
woJy 10 1jsusq 10 Jjousq s opinoid 91005
uoljeJBeiul  pawJojul jueoiyiubs  paliodal (s)owoo1n0 ueaiyIubs (s)owioo1no /e1s  ubsep  woydwis Anend Jeak
-dH3 Sao  Ajeoisieis  -iuelred Welled  Ajeonsieis $S800.d jo'oN  Apnis  lossessi asodind Apnis iac oymny

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Int J Med Inform. Author manuscript; available in PMC 2020 October 01.



Page 18

Beauchemin et al.

((e00=d08°TT

—ZT'T) ¥9'€40)
/B TT=<qH
aney o1 Ajy1|
alow Hoyosod
ul suaned
pue (10" >
d'T9T-+06T
01 patedwod (T00°0
16T -+ >d‘ge'T- +81'8 elwaue
08°0) Moyodnsod 0} paJedwod gy - yum sjuaned Jsoued
u1 pasealoul +00°€) Moyodsod 10 Juswabeuew
Apueoiubis pue -a1d usamiaq SUBIDIUID UO
NELE]] 9dD 01 $3109S SS@D Wawabeuew
uigojBoway 89uanIbuoo ueaw 1s0d -elWaUE Ue JO
ON SOA SOA ON ues\ SOA u1 Juawanoidw 89/4N/T -ald EET v oedwi 8y} 183 01 9 [T¥]
(%€6 01
%6/ WOJJ SUOISIdaP
30 81eJ 9oueldwod
pasealoul
118Y2s3 woud) syuaied Jaoued
'0588 douel|dwo) Joy ueyd Juswiean
‘06, d0UBIBYPY Apnis Buruiwisiep uaym
1 AUS 1%8TY9 1op1d s1s160100u0 1sB8Iq
99uel|dwo ‘969'96 wJe J13oued 10} SS@D ® JO
ON LN VN ON VN SIA doualaypy T 8IS 0L/etie  -81buls sealg 10edW 8Yy 1881 0L 8 [eel
(850-€€0-
10 %S6 ‘CT°0 = sjuaiyed
aouasaylp dnoib (69°0 =d ‘%S0T Jaoued Ul saonoeid
usamiaq) sdnolb 'SA 948°8) sdnolb
UOIUBAIBIUI U9aMIaq JUBIBPIP pioido pue
-150d pue Alreansnels s|ana| Alisusiul ured
-a1d usamiaq 10U Sem Uolreslpaw pauodal-juaired
€'€ pue 9'¢ UM proido mau uo s1aquasaid
8109s Ajsuaiul e Buness syusied 1s0d loysaoeso
ON SIA ON SOA ured uesiy ON jouomodoid  L¥Z/AN/T -ald ured j0RdWi 8y 158} 01 6 [ov]
¢AWo2IN0 ¢AWooINo
JueIred uo $5320.d U0
aulppind  uolUBABIUI UolUBA JBUI syaired
woJy o 1jpueq 10 Jjousq gslepinoid 91005
uoljeJBeiul  pawJojul jueoiyiubs  paliodal (s)owoo1n0 ueaiyIubs (s)owioo1no /e1s  ubsep  woydwis Anend Jeak
-dH3 Sao  Ajeoisieis  -iuelred Welled  Ajeonsieis $S800.d jo'oN  Apnis  lossessi asodind Apnis iac oymny

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Int J Med Inform. Author manuscript; available in PMC 2020 October 01.



	Abstract
	Background
	Methods
	Search strategy
	Screening, abstraction, appraisal and analysis

	Results
	Search results
	Description of studies
	Outcomes
	Process outcomes
	Patient specific outcomes
	Comparison by outcome

	Appraisal

	Discussion
	Limitations of this study

	Conclusion
	Concept Box Framework1
	Table T2
	Databases and search terms utilized
	Table T3
	References
	Fig. 1.
	Table 1

