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a b s t r a c t

The increasing attention on personalized breast cancer care has resulted in an explosion of new inter-
active, tailored, web-based clinical decision tools for guiding treatment decisions in clinical practice. The
goal of this study was to review, compare, and discuss the clinical implications of current tools, and
highlight future directions for tools aiming to improve personalized breast cancer care. We searched
PubMed, Embase, PsychInfo, Cochrane Database of Systematic Reviews, Web of Science, and Scopus to
identify web-based decision tools addressing breast cancer treatment decisions. There was a total of 17
articles associated with 21 unique tools supporting decisions related to surgery, radiation therapy,
hormonal therapy, bisphosphonates, HER2-targeted therapy, and chemotherapy. The quality of the tools
was assessed using the International Patient Decision Aid Standard instrument. Overall, the tools
considered clinical (e.g., age) and tumor characteristics (e.g., grade) to provide personalized outcomes
(e.g., survival) associated with various treatment options. Fewer tools provided the adverse effects of the
selected treatment. Only one tool was field-tested with patients, and none were tested with healthcare
providers. Future studies need to assess the feasibility, usability, acceptability, as well as the effects of
personalized web-based decision tools on communication and decision making from the patient and
clinician perspectives.
© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Over the last two decades an increasing number of clinical trials
have helped improve and increase treatment options for women
diagnosed with breast cancer [1]. However, translation of new trial
data to clinical practice will remain a challenge if trial findings do
not apply to individual women seen in real-world clinical settings.
Personalized cancer treatment is broadly defined as the process of
creating tailored treatment plans for patients considering individ-
ual differences in disease severity, clinical presentation, natural
history, preferences, and treatment tolerance [2]. In clinical prac-
tice, personalized care is facilitated by information on different
treatment outcomes associated with patient demographic charac-
teristics (e.g., age), clinical (e.g., comorbidities) and tumor (e.g.,
tumor grade, size) features, molecular profiles (e.g., 21- gene
recurrence score), and preferences. [2] In this context, interactive
web-based clinical decision tools that provide personalized out-
comes based on individual characteristics have shown to be useful
in delivering tailored recommendations to guide personalized
cancer care in clinical practice [3e5].

The use of web-based clinical tools in cancer care can be traced
back to the 1980's [6]. However, these initial web-based tools were
time intensive, and were often limited to academic research [7]. At
the time, the use of computers in medicine also raised significant
ethical and legal issues while questioning physician autonomy.
There were concerns relating to who will bear the responsibility of
the recommendations generated from a computer system [8].
However, over the past three decades, studies have managed to
clarify the role of web-based clinical decision tools in oncology care
[9e12]. Clinical decision tools for cancer screening [13,14], breast
cancer prevention, and breast cancer genetic testing [15e17] have
shown that these tools could help patients understand their
choices, increase knowledge, reduce patient's anxiety, distress, and
fear, help patients appreciate the scientific uncertainties inherent
in their choices, clarify their personal values or desirability of po-
tential benefits relative to potential harms, help communicate pa-
tient's values to clinicians, and increase patient involvement in
shared decision making. Shared decision making is a process in
which clinicians and patients work together to make decisions and
select treatment plans based on clinical evidence that balances the
risks and benefits with patient preferences and values [18]. Web-
based clinical decision tools could facilitate shared decision mak-
ing by providing a vehicle to present personalized evidence on the
risks and benefits of the various treatment options available to the
patient. However, there is limited data on the impact of interactive,
web-based, breast cancer treatment-related, clinical decision tools
on such outcomes. Current clinical tools are often integrated with
electronic health records (EHRs) or computerized provider order
entry (COPE) systems [19]. These tools are also accessible through
desktops, tablets, and smartphones.

However, there are several challenges in using web-based
clinical decision tools to guide personalized treatment decisions
in breast cancer care [12,20]. First, many women and their
healthcare providers have limited knowledge on the currently
44
available decision tools that can be used to guide specific breast
cancer treatment decisions in clinical settings [21]. Second, we do
not know if current breast cancer treatment decision tools have
been tested for usability, feasibility, and acceptability or if these
tools have been shown to improve patient communication and
shared decision making in clinical settings. In clinical tool devel-
opment, usability testing is conducted to evaluate the tool's ease of
use and the user's ability to understand the tool content [22].
Feasibility tests are used to evaluate the recruitment and retention
of users as well as the likelihood of the decision tool in enhancing
patient-provider interaction [23].Acceptability generally refers to
the user's degree of satisfaction, such as whether the tool was
practical or whether the user experienced any enjoyment and/or
frustration when using the tool [24]. Third, current personalized
interactive web-based decision tools only target one decision
choice at a time [25]. As a result, a woman may have to use several
tools that consider different individual and tumor characteristics to
cover all relevant breast cancer treatment decisions following
diagnosis. There is limited data on how personalized outcomes
from separate tools could complement each other to provide
women with complete coverage of all the relevant breast cancer
treatment options [25]. Fourth, most healthcare providers are
concerned about the validity of these tools in informing treatment
decisions for patients seen in real-world settings, and the amount
of time required to convey and discuss personalized information
from a decision tool [26,27]. Finally, previous reviews on breast
cancer treatment decision aids [25,28,29] have not specifically
focused on personalized web-based clinical tools with interactive
features. An updated review on this subject is necessary as new
tools have become available (e.g., RSClin [30]), while several tools
are now no longer available (e.g., ‘Adjuvant! Online’ [31]) for clin-
ical use.

In this study, we aimed to fill these gaps by reviewing,
comparing, and discussing the current, English-language, interac-
tive, web-based, clinical decision tools available to support
personalized breast cancer treatment in clinical practice. Further,
we aimed to evaluate the validity, usability, feasibility, and
acceptability, as well as the impact of these tools on patient-
provider communication, shared decision making, patient knowl-
edge, distress, and other patient-related outcomes in women
diagnosed with breast cancer. We also aimed to identify breast
cancer treatment domains that could benefit from the development
of personalized web-based decision tools in the future. The over-
arching goal of this study was to help facilitate better integration of
web-based clinical decision tools across modalities into breast
cancer treatment decision making in clinical practice.
2. Methods

This scoping review was designed and conducted according to
the guidelines included in the Preferred Reporting Items for Sys-
tematic reviews and Meta-Analyses extension for Scoping Reviews
(PRISMA-ScR) Checklist (See Appendix A for the study checklist)
[32]. The study was registered in the International Prospective
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Register of Systematic Reviews (PROSPERO, ID 272094). We used
study-level results; therefore, this study was exempt from institu-
tional review board approval at Georgetown University.

2.1. Data sources and search strategy

A systematic search of published literature was conducted to
identify tailored web-based clinical decision tools or clinical
outcome calculators aimed to inform treatment decisions for cli-
nicians and breast cancer patients. We searched PubMed, Embase,
PsychInfo, Cochrane Database of Systematic Reviews, Web of Sci-
ence, and Scopus databases. We also screened the reference lists of
the relevant reviews and systematic reviews. Then the additional
publications identified from the reference lists were further
reviewed for study inclusion/exclusion. The date of the most recent
search is Nov.10, 2021. Our comprehensive search strategy included
a combination of keywords, synonyms, Medical Subject Headings
(MeSH) terms, and Emtree terms relating to concepts of decision
tools, treatment, web-based, and breast cancer (see Appendix B).

2.2. Inclusion and exclusion criteria

For articles identified through database searching, the inclusion
criteria included, (1) reported in a peer-reviewed scientific journal;
(2) written in English; and (3) published between Jan 1, 2008, and
July 1, 2021. We excluded study protocols.

Personalized web-based clinical decision tools often use statis-
tical and/or mathematical models to predict treatment outcomes
associated with individual characteristics. These models need to be
validated in different cohorts by comparing the predicted outcomes
with actual patient outcomes to evaluate model performance (e.g.,
area under the receiver-operator curve (AUC)) [33]. In our review,
we included the original publications associated with the devel-
opment and validation of the tools. However, most tools also had
multiple validation studies published following the original publi-
cation. So, we reviewed these additional validation studies and
incorporated the most updated information regarding the valida-
tion status of each tool.

For web decision tools identified through the articles, the inclu-
sion criteria included (1) written in English; (2) (publicly) available;
and (3) fully accessible with no monetary associations. The exclu-
sion criteria included (1) tools with no English language version;
(2) tools on topics other than breast cancer treatment (for example,
breast cancer screening or prevention); (3) tools that did not target
breast cancer specifically; (4) tools not in a web-based format; and
(5) tools lacking an interactive tailoring or personalization feature.

2.3. Selection and assessment of articles and tools

Three authors (AZ, JJ, ML) screened titles and abstracts of all
articles retrieved from database searching for initial eligibility. Full
texts of potentially eligible articles were reviewed for final eligi-
bility based on the inclusion and exclusion criteria described above.
Any disagreements between the authors were resolved through
conferencing.

For tools with publicly available websites, we visited each
website and tested the tools with pseudo patient characteristics to
review available input parameters and outcomes. For tools with
websites that were not publicly available, we closely examined the
tool-development section of the associated articles, and reviewed
any given pictures or screenshots provided by the author. Data
points collected and summarized included name of the tool (if
given), main purpose, applicable population, intervention dis-
cussed, input characteristics, outcomes evaluated, target users,
validation status, and the date of the last update of the tool.
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We also searched for clinical trials testing the effects of the tool
on outcomes such as patient-provider communication, shared de-
cision making, patient's knowledge, distress, decisional conflict,
and other related outcomes. We first reviewed the authors' names
and publication lists for studies related to the decision tool of in-
terest. Then, we read the “About” or “Publications” sections on the
tool's website to find any relevant information on the development
or recent updates. Lastly, we searched PubMed, Embase, PsychInfo,
Cochrane Database of Systematic Reviews, Web of Science, and
Scopus for articles that may have been missed in the above steps.

2.4. Quality assessment

We evaluated the web-based clinical decision tools according to
the IPDASi checklist [43]. The checklist consists of eight dimensions
including ‘Information about options’, ‘Outcome probabilities’,
‘Clarifying values’, ‘Decision guidance’, ‘Development process’,
‘Using evidence’, ‘Disclosure and transparency’, and ‘Plain
language’.

3. Results

A total of 249 records were identified through PubMed, Embase,
PsychInfo, Cochrane Database of Systematic Reviews, Web of Sci-
ence, Scopus, and additional sources. After removing ineligible or
duplicate articles, we included a total of 17 articles associated with
21 unique web decision tools (Fig. 1). Seven tools were developed
for guiding neoadjuvant treatment decisions; two for radiation
therapy; ten for surgery and adjuvant therapy such as mastectomy,
chemotherapy, and endocrine therapy; two for adverse effects
including surgical complications after mastectomy and risk of
ischemic heart disease after radiation therapy. Fourteen tools were
developed in the United States, five in the United Kingdom, and two
in the Netherlands.

Table 1 presents the name, main purpose, applicable population,
intervention discussed, input characteristics, outcomes evaluated,
target users, validation status, and the date of the last update of the
tool.

3.1. Neoadjuvant therapy

There were seven web decision tools for guiding neoadjuvant
treatment decisions in invasive breast cancer [34e44]. The nomo-
grams developed by Allen et al. [34] and Veerapong et al. [37]
provided estimates of the probability of finding positive sentinel
lymph nodes (SLNs) with and without neoadjuvant chemotherapy,
respectively. Both tools considered age as an input characteristic
and allowed an age range from 20 to 89 years. Other characteristics
included histologic tumor type, tumor size, location, lymphovas-
cular invasion, and hormone receptor status. The nomograms
developed by Mittendorf [39] and Jeruss [41] provided estimates of
the probability of finding additional positive non-SLNs with and
without neoadjuvant chemotherapy, but these tools did not include
age as an input characteristic which is a determinant of advanced
disease. None of the four tools described above allowed specifica-
tion of the generation, type, or number of cycles of the neoadjuvant
chemotherapy treatment.

The ‘Residual Cancer Burden Calculator’ [43] provided estimates
for residual cancer burden and residual cancer burden class after
neoadjuvant treatment. Input characteristics were the area of pri-
mary tumor bed, overall cancer cellularity, percentage of in situ
cancer disease, number of positive lymph nodes, and diameter of
largest metastasis. The tool website provided detailed descriptions
of how to measure the characteristics obtained from pathologic
examinations and included supporting documents and a video for



Fig. 1. Article identification process.
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guidance.
Of the seven tools, the ‘Response to Neoadjuvant Chemotherapy

Nomogram’ [42] was the most comprehensive tool in providing
outcomes associated with neoadjuvant treatment such as the
probability of achieving pathologic complete response, probability
of residual invasive tumor <3 cm, and the probability of needing
breast conserving surgery. Age was an input characteristic along
with histologic tumor size, histologic type, tumor grade, estrogen
receptor (ER) status, and multicentricity. Additionally, this tool
allowed users to specify the type of chemotherapy and the number
of cycles used.

The ‘Chemotherapy Response Calculator’ [44] is the only tool
that estimated survival outcomes associated with neoadjuvant
treatment. It provides the 5 and 10-year disease-free survival after
anthracycline-based chemotherapy using histologic tumor type,
tumor grade, tumor size, ER status, and the number of axillary
metastatic nodes.

Five of the seven tools were designed for physician-use only,
46
while the ‘Response to Neoadjuvant Chemotherapy Calculator’ [42]
and the ‘Chemotherapy Response Calculator’ [44] were designed
for both clinician and patient use. Only two tools were known to be
externally validated [39,41]. None of the tools reported usability,
feasibility, or acceptability in clinical settings. We did not find any
clinical trials evaluating the impact of these tools on treatment-
related knowledge, levels of distress, decisional conflict, patient-
physician communication, shared decision making or patient
outcomes.
3.2. Radiation therapy

Two web-based decision tools estimated outcomes related to
radiation therapy following breast conserving surgery. The nomo-
gram developed by Albert et al. [45,46] predicted the benefit of
radiation therapy by comparing the risk of mastectomy with and
without radiation therapy after breast conserving surgery. This
nomogramwas developed for guiding treatment decisions for older



Table 1
Summary of the English language, interactive, web-based clinical decision tools available to support breast cancer treatment in clinical practice.

Tool Purpose Population Intervention Characteristics Outcome Target
User/s

Validation Date of
Last
Update

Neoadjuvant Therapy

Breast Cancer
Nomogram to Predict
Positive SLNs, after
Neoadjuvant
Chemotherapy
[34,35]

The probability of finding
positive SLNs in clinically node-
negative breast cancer patients
who have been treated with
neoadjuvant chemotherapy

Women diagnosed with
invasive breast cancer from
27 to 87 years who have
undergone (preoperative)
neoadjuvant chemotherapy

Neoadjuvant
chemotherapy

Age, histologic type, nuclear grade,
preoperative tumor size, percent decrease
in tumor size, location of tumor in the
breast (multifocal or multicentric),
lymphovascular invasion, ER/PR/HER2

Probability of
positive SLNs

Physicians Unknown/
Not
Externally
Validated

Unknown

Breast Cancer
Nomogram to Predict
Positive SLNs,
without Neoadjuvant
Chemotherapy
[36,37]

The probability of finding
positive SLNs in breast cancer
patients who have not
undergone neoadjuvant
chemotherapy

Women diagnosed with
invasive breast cancer from
22 to 99 years who have not
undergone (preoperative)
neoadjuvant chemotherapy

Neoadjuvant
chemotherapy

Age, location of tumor in the breast
(upper inner quadrant & multifocal or
multicentric), histologic type,
preoperative tumor size, lymphovascular
invasion, ER/PR/HER2

Probability of
positive SLNs

Physicians Unknown/
Not
Externally
Validated

Unknown

Breast Cancer
Nomogram to Predict
Additional Positive
Non-SLN, without
Neoadjuvant
Chemotherapy
[38,39]

The probability of finding
additional positive non-SLNs in
breast cancer patients found to
have disease on SLN biopsy and
have not undergone
neoadjuvant chemotherapy

Women diagnosed with
invasive breast cancer with
disease on SLN biopsy who
have not undergone
neoadjuvant chemotherapy

Neoadjuvant
chemotherapy

Histologic type, tumor size on surgical
pathology, # of lymph nodes removed, #
of positive SLNs with cancer, size of
largest focus of metastasis in the SLN,
extranodal extension in positive lymph
nodes, lymphovascular invasion

Probability of
positive non-SLNs

Physicians External Unknown

Breast Cancer Non-SLN
Nomogram
Calculator, with
Neoadjuvant
Chemotherapy
[40,41]

The probability of finding
additional positive non-SLNs in
breast cancer patients found to
have disease on SLN biopsy and
have completed neoadjuvant
chemotherapy

Women diagnosed with
invasive breast cancer on SLN
biopsy after neoadjuvant
chemotherapy with primary
tumor size <14 cm

Neoadjuvant
chemotherapy

Lymphovascular invasion, detection
method of SLN, multicentric primary
tumor, nodal disease prior to neoadjuvant
chemotherapy, pathologic tumor size

Probability of
positive non-SLNs

Physicians External
[41]

Unknown

Response to
Neoadjuvant
Chemotherapy [42]

The probability of having no
invasive cancer left in the breast
and lymph nodes after
completion of neoadjuvant
chemotherapy

Women diagnosed invasive
breast cancer

Anthracycline-based
chemotherapy/
Paclitaxel/FAC

Age, tumor size, initial diameter,
histologic type, histologic grade, ER
status, multicentricity

1. Probability of
achieving
pathologic
complete
response
2. Probability of
residual invasive
tumor less than
3 cm
3. Probability of
breast conserving
surgery

Physicians
and
patients

Unknown Unknown

Residual Cancer Burden
Calculator [43]

The probability of residual
cancer burden after
neoadjuvant treatment

Women diagnosed with
invasive breast cancer

Neoadjuvant treatment Histologic assessment of primary tumor
bed area, overall cancer cellularity,
histologic estimate of the % of cancer that
is in situ, # of positive metastatic lymph
nodes, diameter of largest nodal
metastasis

1. Residual cancer
burden
2. Residual cancer
burden class

Physicians
and
patients

Unknown Unknown

Chemotherapy
Response Calculator
[44]

5e10-year disease-free survival
after receiving 3e4 courses of

Women diagnosed with DCIS
or invasive breast cancer who
have undergone 3e4 courses

Preoperative
anthracycline
chemotherapy

Histologic type, histologic grade, ER
status, tumor size, number of axillary
metastatic nodes

5/10-year disease-
free probability

Physicians
and
patients

Unknown Unknown

(continued on next page)
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Table 1 (continued )

Tool Purpose Population Intervention Characteristics Outcome Target
User/s

Validation Date of
Last
Update

preoperative anthracycline
based chemotherapy.

of preoperative anthracycline
based chemotherapy.

Radiation Therapy

Breast Cancer
Nomogram to Predict
Benefit of Radiation
for Older Patients
who have undergone
Breast Conserving
Surgery [45,46]

5- and 10-year risk of
mastectomy with and without
any radiation therapy for older
women with breast cancer after
breast conserving surgery

Women diagnosed with
breast cancer from 66 to 79
years who have undergone
breast conserving surgery

1. Breast conserving
surgery with any
radiation therapy
2. Breast conserving
surgery without any
radiation therapy

Age, race, tumor size, ER status,
pathological nodal status

5/10-year risk of
mastectomy

Physicians
and
patients

Internal Unknown

IBTR! Version 2.0 [47] 10-year ipsilateral breast tumor
recurrence risk with and
without the addition of whole
breast radiation therapy

Women diagnosed with
invasive, non-metastatic
breast cancer who have
undergone breast conserving
surgery and axillary
evaluation.

1. Whole breast radiation
therapy
2. No radiation therapy

Age, tumor size, tumor grade, margin
status, lymphovascular invasion,
chemotherapy, tamoxifen/aromatase
inhibitor

10-year risk of
ipsilateral breast
tumor recurrence

Physicians External
(Only one
arm has
been
validated)

June 2018

Surgery/Adjuvant Treatment

BTxChoice [48](Limited
availability (Currently
only accessible
through PI)

Predicted probability of 21-gene
score, 10-year risk of distant
recurrence, breast cancer
specific mortality, and lifeyears
gained with and without
chemotherapy

Women diagnosed with
node-negative, invasive,
hormone receptor-positive,
HER2-negative breast cancer

1. Endocrine therapy
alone
2. Endocrine þ
Chemotherapy

Age, comorbidities, tumor size, histologic
tumor grade, ER/PR status, with and
without 21-gene recurrence score

1. 10-year risk of
distant recurrence
2. Breast cancer
specific mortality
3. Life-years
gained with and
without
chemotherapy

Physicians
and
patients

External
[48]

May 2021

RSClin [30] (Limited
availability:
Accessible through
OncotypeIQ®/Exact
Sciences website)

10-year risk of distant
recurrence with and without
chemotherapy

Women diagnosed with
node-negative, hormone
receptor-positive,
HER2-negative breast cancer

1. Endocrine therapy
alone
2. Endocrine þ
Chemotherapy

Age, tumor size, histologic tumor grade,
ER/PR status, 21-gene recurrence score

10-year risk of
distant recurrence
with and without
chemotherapy

Physicians
and
patients

External
[30]

December
2020

Age Gap Decision Tool:
Primary Endocrine
Therapy with and
without Surgery [49]

2- and 5-year risk of breast
cancer specific mortality, other-
cause mortality, and all-cause
mortality with endocrine
therapyþ/-surgery

Women from 70 to 99 years
diagnosed with primary
operable invasive breast
cancer, tumor size (T1e4),
nodes 0e2, no distant
metastasis

1. Primary endocrine
therapy alone
2. Surgery þ Primary
endocrine therapy

Age, tumor grade, tumor size, nodal
status, individual comorbidities, frailty
(Activities of Daily Living)

1. 2/5-year risk of
overall mortality
2. 2/5-year risk of
breast cancer
related mortality
3. 2/5-year risk of
other-cause
mortality

Physicians
and
patients

External
[50]

August
2019

Age Gap Decision Tool:
Surgery with and
without
chemotherapy [50]

2- and 5-year risk of breast
cancer specific mortality, other-
cause mortality, and all-cause
mortality with surgeryþ/-
chemotherapy

Women from 70 to 99 years
diagnosed with primary
operable invasive breast
cancer, tumor size (T1e4),
nodes 0e2, no distant
metastasis

1. Surgery only
2.
Surgery þ Chemotherapy

Age, tumor grade, tumor size, nodal
status, ER status, HER2 status, individual
comorbidities, frailty (Activities of Daily
Living)

1. 2/5-year risk of
overall mortality
2. 2/5-year risk of
breast cancer
related mortality
3. 2/5-year risk of
other-cause
mortality

Physicians
and
patients

Unknown August
2019

INFLUENCE [51,52] The 1e5-year risk of
locoregional recurrence in early
breast cancer patients treated
with radiotherapy,
chemotherapy, or hormone
therapy

Women from 18 to 100 years
diagnosed with invasive,
non-metastatic breast cancer
who have undergone surgery

Hormone therapy/
Chemotherapy/
Radiotherapy

Age, tumor size, nodal involvement,
differentiation, ER status, PR status,
multifocality

1 to 5-year risk of
locoregional
recurrence

Physicians
and
patients

External
[52]

May 2021

Physicians
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Breastconservation.com
[53,54]

The preoperative risk of positive
margins after breast-conserving
surgery (Only for training and
educational purposes)

Women diagnosed with
invasive, T1-2, Nodes 0e2,
non-metastatic breast cancer
considering breast
conserving surgery

Breast conserving
surgery

Preoperative MRI availability,
microcalcifications, preoperative N-stage/
T-stage, remaining % of fibro glandular
tissue on mammography, palpability of
tumor, suspicion of multifocality, ER
status, presence of DCIS in biopsy,
histological type, histological grade

Risk of positive
surgical margins
following breast
conserving
surgery

External
[53,55]

October
2019

PREDICT [56] The 5-, 10- or 15-year overall,
breast cancer-specific, and
other-cause survival after
endocrine therapy/
chemotherapy trastuzumab/
bisphosphonates/surgery

Women diagnosed with
invasive, non-metastatic
breast cancer from 25 to 85
years. Results may be less
accurate for women over 80
years old

Combinations of Surgery/
Endocrine therapy/
Bisphosphonates/
Chemotherapy/
Trastuzumab

Age, menopausal stage, ER status, HER2
status, Ki-67 status, size of largest
invasive tumor (before neoadjuvant
treatment), tumor grade, primary breast
cancer detection type, # of positive nodes,
micrometastases status

5/10/15-year
overall, breast
cancer-specific,
and other-cause
survival

Physicians
and
patients

External
[56]

March
2020

CancerMath: Therapy
calculator [57]

The 15-year breast cancer-
specific survival and life
expectancy for hormonal
therapyþ/-chemotherapy

Women diagnosed with
hormone receptor-positive
DCIS or invasive breast cancer

Hormone therapy/
Chemotherapy

Age, tumor size, # of positive nodes, nodal
detail (optional), ER status, PR status,
HER2 status, histological type, grade

1. 15-year breast
cancer death rate
2. Life expectancy
with and without
therapy

Physicians External
[58,59]

April 2009

CancerMath: Nipple
involvement
calculator [57]

The risk of cancer in the nipple
for assistance in deciding on
nipple-sparing mastectomy

Women diagnosed with
early-stage breast cancer

Nipple-sparing
mastectomy

Tumor size, tumor distance Probability of
nipple
involvement

Physicians External
[60]

April 2009

Nottingham Prognostic
Index [6,61]

The 5-year overall survival
which allows physicians to
select those patients with an
excellent prognosis after
surgery alone, in whom
adjuvant therapies are
inappropriate

Women diagnosed with
invasive early-stage node
negative breast cancer who
have received surgery only
and are inappropriate to
receive adjuvant therapies

Surgery Tumor size, lymph node stage,
histological grade

1. 1 to 5-year
overall survival
2. Annual
percentage overall
mortality rate

Physicians External
[6]

June 2017

Adverse Effects

BRA Score [62] A woman's 30-day and/or 1-
year risk for surgical or medical
complications following
mastectomy with immediate
breast reconstruction

Women diagnosed with
breast cancer who have
undergone mastectomy with
immediate tissue expander or
autologous reconstruction

1. Tissue expander (30-
day, 1 year)
2. TRAM flap (30 day)
3. Latissimus flap (30-
day)
4. Microvascular
reconstruction (30-day)
5. Single-stage implant
(1-year)

Height, weight, age, comorbidities,
medication history, procedures history,
American Society of Anesthesiologists
physical status, radiation therapy,
smoking status

1. Overall surgical
complications
(surgical site
infection, seroma,
dehiscence, flap
loss, explanation)
2. Risk of
reoperation
3. 30-day surgical
complications

Physicians
and
patients

Internal
[62]

Unknown

Risk of Ischemic Heart
Disease in Women
after Radiotherapy for
Breast Cancer [63,64]

The absolute and cumulative
risk of radiation related
ischemic heart disease and
death by age 80 years (Designed
for training and educational
purposes only)

Women diagnosed with
invasive, non-metastatic
breast cancer from 40 to 80
years who have undergone
radiation therapy

Radiation therapy Age, mean radiation dose, laterality of
breast cancer, history of ischemic heart
disease, history of other circulatory
disease, history of diabetes, history of
COPD, current smoker, BMI, analgesic
medication, hormone replacement
therapy

1.Cumulative/
absolute risk of
ischemic heart
disease after
radiation by age
80
2. Cumulative/
absolute risk of
death by ischemic
heart disease after
radiation by age
80

Physicians Unknown November
2018

CMF, Cyclophosphamide Methotrexate Fluorouracil; FAC, Fluorouracil, Adriamycin, and Cyclophosphamide; SLN, sentinel-lymph node; UIQ, upper inner quadrant.
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women between 66 and 79 years. In addition to age, tumor size, ER
status, and nodal status, this tool also incorporated race as an input
parameter.

‘IBTR! Version 2.0’ [47] compared the 10-year ipsilateral breast
tumor local recurrence risk with and without the addition of whole
breast radiation therapy for women who have undergone breast
conserving surgery and axillary evaluation. Unlike the nomogram
by Albert et al. [45,46], ‘IBRT! Version 2.0’ [47] was designed for
women of all ages. In addition, it provides outcomes associated
with chemo and hormonal therapies.

The nomogram by Albert et al. [45,46] was designed for physi-
cian and patient-use, while ‘IBTR! Version 2.0’ [47] was only
intended for physicians who are familiar with the complexity of
treatment decisions. However, the nomogram by Albert et al.
[45,46] has not been externally validated yet, therefore the accu-
racy and reliability are unknown. For ‘IBTR! Version 2.0’ [47], the
arm that calculates local recurrence risk with radiation has un-
dergone rigorous validation testing, but the other arm that calcu-
lates the risk without radiation has not been validated due to the
lack of a large cohort of patients who have not received radiation
therapy. Neither tool was evaluated for usability, feasibility, or
acceptability. We also did not find any clinical trials evaluating the
impact of these tools on knowledge, communication, shared deci-
sion making or other patient outcomes.

3.3. Surgery and adjuvant therapy

The highest number of tools were available for guiding treat-
ment decisions related to surgery and/or adjuvant therapy
[6,30,48e54,56,57,61]. ‘IBTR! Version 2.0’ [47] also included a
module for surgery and adjuvant therapy decisions. Two newly
developed tools, ‘BTxChoice’ [48] and ‘RSClin’ [30] considered 21-
gene recurrence scores to guide chemotherapy treatment de-
cisions. Both tools estimated the 10-year risk of distant recurrence,
but ‘BTxChoice’ [48] additionally provides life-years gained with
chemotherapy which could help guide treatment decisions among
older women. The ‘BTxChoice’ [48] tool also provided the proba-
bility distribution of 21-gene recurrence score and chemotherapy
outcomes without 21-gene recurrence score test results for women
who have not yet undergone recurrence score testing.

The ‘Age Gap Decision Tools’ [49,50] were designed for the
comparison of breast cancer treatments for older women from 70
to 99 years. The first model compared primary endocrine therapy
(PET) and surgery [49] and the second model compared surgery
with and without chemotherapy [50]. Outcomes calculated were
the 2 and 5-year overall mortality, breast cancer-related mortality,
and other-cause mortality. In addition to age, tumor grade, tumor
size, and nodal status, these models also consider individual
comorbidities and frailty. Frailty was assessed using the Activity of
Daily Living (ADL) [65] where users can rate the level of difficulty of
the listed tasks from 0 to 3 points to automatically calculate the ADL
stage.

The ‘Age Gap Decision Tools’ [49,50] were intended for use by
both physicians and patients with a carefully designed user inter-
face. Users can download an instruction manual from the website
that guides usage of the tools. In addition, two decision aid booklets
were written by experts to provide background information on the
disease and treatment options. The model comparing PET and
surgery was externally validated [49]. ‘The Age Gap Decision Tools’
[49,50] were tested in a multicenter cluster randomized trial to
evaluate the effects of the tools on quality of life, survival, treatment
choice, decision regret, anxiety, perception of cancer, knowledge,
and preferences of treatment choices [66]. The trial included 1339
women aged 70 years or above diagnosed with primary operable
invasive breast cancer. The women were randomized to an
50
intervention arm consisting of ‘The Age Gap Decision Tools’ [49,50]
together with a booklet containing background information and
guidance on how to use the tool. The control arm included normal
decision-making practices. The outcomes were measured using
several validated surveys including the European Organization for
the Research and Treatment of Cancer (EORTC) QoL questionnaire
(QLQ) C30 [67], and Brief COPE questionnaire [68]. The trial found
that the ‘Age Gap Decision Tools’ [49,50] significantly increased
women's knowledge of breast cancer treatment options compared
to the control arm (94% vs. 74%). Treatment choice between the two
armswere significantly different, wherewomen in the intervention
arm selected primary endocrine therapy at a higher rate compared
to the women in the control arm (difference ¼ 5.5%, 95% CI:
(1.1e10.0)). This indicates that the tool had a differential effect on
treatment choice. However, there was no significant difference in
the proportion of participants stating that they knew their
preferred option (96% vs. 91%) or felt ready to make an informed
decision (99% vs. 90%) [66].

‘Breastconservation.com’ [53] provided a nomogram for pre-
dicting the risk of positive surgical margins following lumpectomy.
The tool identified high-risk patients who might benefit from
preoperative MRI and/or oncoplastic surgery [53]. The tool
considered various pathological characteristics including stage,
remaining breast density, tumor palpability, multifocality, and ER
status to predict positive surgical margins after breast conserving
surgery. The result calculated in this tool belonged to three risk
intervals e low risk, intermediate risk, and high risk. Detailed
written descriptions were provided onwhether the patients in each
risk interval were suitable for breast conserving therapy, pre-
operative MRI, or more extensive surgical excisions. Apart from
its original validation in a Dutch cohort, this tool has also under-
gone two external validations in a US cohort [69] and another
Dutch cohort [55]. The validation testing done in the US population
did not yield promising results, where no significant correlation
between the calculated risk values and the presence of positive
surgical margins were found [69].

‘PREDICT’ [56] and ‘CancerMath’ [57] are two of the most widely
used web decision tools in current clinical practice. ‘PREDICT’ [56]
was first proposed in 2010 and has been updated five times during
the past eleven years. HER2 status and Ki-67 status have been
added through its updates into existing input characteristics
including age, menopausal stage, size of largest invasive tumor,
tumor grade, detection type, number of positive nodes, and micro
metastases status. The newest version, ‘PREDICT v2.2’ [70], esti-
mates the 5, 10, and 15-year overall breast cancer-related and
other-cause survival with benefits of endocrine therapy, chemo-
therapy with and without trastuzumab, and biphosphates for post-
menopausal women in addition to surgery. The length and type of
hormone and chemotherapy could also be specified by users.
‘PREDICT’ [56] was intended for physician and patient-use, there-
fore its output format was more comprehensive and carefully
designed, where results were presented in not only tables, but also
in curves, charts, texts, and icons.

‘CancerMath’ [57] consists of five web calculators. Only two
calculators, the ‘Therapy Calculator’ [57] and the ‘Nipple Involve-
ment Calculator’ [57] were included in this review. The remaining
three tools were excluded as they did not include a treatment
component. The ‘Therapy Calculator’ [57] provided the 15-year
breast cancer death rate and life expectancy with and without
adjuvant therapy. Compared to ‘PREDICT’ [56], the ‘CancerMath,
Therapy Calculator’ [57] offered outcomes associated with a wider
range of therapy types. For example, users could only select from
2nd and 3rd generation chemotherapy in ‘PREDICT’ [56], while in
the ‘CancerMath, Therapy Calculator’ [57], the types of drugs and
number of cycles could also be specified. However, it must be noted
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that ‘CancerMath’ [57] has not been updated regularly since its
development in 2009. Therefore, its content maybe outdated and
should be considered with caution. Moreover, its output is only
presented in text form and the other formats including curves, bar
charts, pie charts, and pictograms are unavailable. Both ‘PREDICT’
[56] and ‘CancerMath, Therapy Calculator’ [57] have been exter-
nally validated in various populations [58e60,71e75]. A study
performed by Karapanagiotis et al. [72] directly compared the
validity of ‘PREDICT’ [56] and ‘CancerMath’ [57] using a European
validation cohort and concluded that ‘PREDICT’ [56] outperformed
‘CancerMath’ [57] in discriminatory accuracy, calibration, and
clinical utility.

‘CancerMath, Nipple Involvement Calculator’ was the only tool
that could assist decisions on nipple-sparing mastectomy [57]. The
largest lesion size and the shortest distance between the lesion and
nipple from imaging could be entered to calculate the probability of
cancer in the nipple. Hwang et al. [60] performed a validation study
on this calculator in a Korean population and found relatively poor
performance.

The ‘Nottingham Prognostic Index’ (NPI) [6] was first developed
to provide a prognostic score considering lymph node stage, tumor
size and pathological grade in breast cancer. NPI was later imple-
mented into a web-based calculator [61] to provide 1 to 5-year
overall survival and annual percentage mortality rate to support
the selection of patients for adjuvant treatment.

We did not find studies reporting the usability, feasibility, or
acceptability of the clinical decision tools in this category. With the
exception of ‘The Age Gap Decision Tools’ [49,50], we also did not
find trials evaluating the impact of these tools on treatment-related
knowledge, levels of distress, decisional conflict, patient-physician
communication, shared decisionmaking or other patient outcomes.

3.4. Adverse effects

Two web-based decision tools evaluated adverse effects of
breast cancer treatment. The ‘Breast Reconstruction Risk Assess-
ment Score’ (BRA score) [62] provided estimates of the risk of
overall surgical complications including surgical site infection,
seroma, dehiscence, and flap loss aftermastectomywith immediate
reconstruction. The 30-day and/or one year risk of the complica-
tions associated with the reconstructive modalities were listed in a
table. The risk of reoperation following each modality was also
calculated. This tool has only been internally validated in its orig-
inal research study [62].

The final tool we evaluated was the ‘Risk of Ischemic Heart
Disease in Women after Radiotherapy for Breast Cancer’ [63]. This
tool was developed for women aged 40e80 years. The model used
patients' age, mean radiation dose, and risk factors of heart disease
such as laterality of breast cancer, history of various types of cir-
culatory disease, smoking status, body mass index, and medication
history to determine the cumulative and absolute risk of ischemic
heart disease and risk of death by ischemic heart disease after ra-
diation. The validation status of this tool is not known. Neither tool
was evaluated for usability, feasibility, or acceptability, and we did
not find any trials evaluating the impact of these tools on any pa-
tient outcomes, shared decision making or communication.

3.5. Quality assessment

Table 2 provides the sum of the scores for each dimension for
each tool. Appendix C provides the individual items included in
each dimension. All the tools clearly described the health condi-
tions, the decision that needs to be considered, the outcome
probabilities associated with the options, and the patients for
which the probabilities apply. Most tools also clearly laid out the
51
options available for the decision. The tools that received the
highest scores were the ‘Age Gap Decision Tools’ (26/36) [49,50]
and ‘PREDICT’ [56] (22/36). These tools scored well on several di-
mensions in the IPDASi checklist. For example, ‘The Age Gap De-
cision Tools’ [49,50] received the highest score for decision
guidance (2/2) because the tool provided step-by-step user guid-
ance and worksheets for patients to discuss with practitioners.
‘PREDICT’ [56] received the highest score (5/5) for describing how
research evidence was synthesized as the tool provided citations to
studies, list of publications, update policy, and quality of research
evidence.

While all the tools provided information on funding and author
credentials, none of them included features to help patients un-
derstand the physical, psychological, and social impact of treat-
ment. Except for ‘Age Gap Decision Tools’ [49,50], there were no
data on the review of the tools by patients or healthcare pro-
fessionals, or whether the tools had been field-tested for usability,
acceptability, and feasibility. None of the tools reported readability
levels using standard scales.

Table 3 presents a summary of key strengths and weaknesses of
the current web-based clinical decision tools.

4. Discussion

Treatment decision making for breast cancer often involves
complex choices. Personalized decision tools are useful in synthe-
sizing existing evidence on harms and benefits of treatment with
patient characteristics, preferences, and values to support decisions
about various treatment options available in clinical practice. Pre-
vious studies [20,25,28,29,76] have reviewed the role of decision
guides such as booklets, workbooks, audiotapes, and videos in
supporting clinical decisions. However, none of these studies have
evaluated and compared web-based clinical decision tools that
provide personalized outcomes for individual women seen in
clinical practice. In this scoping review, we identified 21 currently
available individualizedweb-based clinical tools to guide treatment
decisions for four breast cancer treatment modalities e neo-
adjuvant therapy, radiation therapy, surgery and adjuvant therapy,
as well as tools that will help incorporate the adverse effects of
breast cancer treatment into decision making.

All tools reviewed were developed using rigorous mathematical
and/or statistical models. Input parameters were carefully selected,
and results were validated in 14 out of the 21 tools. Common input
characteristics considered for personalization included age, tumor
characteristics (tumor size, tumor grade), and nodal status. How-
ever, these tools did not frequently include comorbidities (3/21) or
race (1/21) as key determinants of treatment effectiveness due to
the unavailability of these variables in the data sources used to
develop the predictive algorithms. Studies have shown that
comorbidities such as cardiovascular disease, diabetes, and other
chronic diseases can be significantly associated with increased
mortality for women with breast cancer [77]. Comorbidities are
especially useful in guiding treatment decisions in older women,
where the relative benefit of treatment may reduce with increasing
age and severity of comorbidities. Moreover, clinical dilemmas are
increased in caring for diverse groups of women, since there are
important differences in the distributions of biological risk factors
and access to screening by race/ethnicity [78e83]. There are also
differences in comorbidity by race, where comorbidities like dia-
betes and obesity are seen more often in Black vs. White women
[83]. Since USminority populations are growing at a faster rate than
Whites [84,85] there is a need to develop clinical decision support
tools that are applicable to minority women. Moreover, most tools
also did not include the method of breast cancer detection or the
type and frequency of chemotherapy, all of which have been shown



Table 3
Key strengths and weaknesses of current web-based clinical decision tools.

Strengths Weaknesses

� Validation of the tools in different populations
� Described the health condition or problem
� Described the decisions that need to be made
� Stated target audience e whether the tool was designed for patients or providers
� Provided user guidance and incorporated non-medical language
� Provided citations and author credentials

� Missing key parameters such as comorbidities and race
� Advantages and disadvantages of options were not adequately described
� Lack of information on the level of uncertainty around the estimates
� Inadequate data on the ‘Readability’ of the web-tools using standard scales
� Limited clinical trials on user outcomes
� Lack of tools integrating multiple treatment modalities
� No tools for newer breast cancer treatments (e.g., Immunotherapy)

Table 2
Results from the quality assessment of the interactive, web-based clinical decision tools for personalized breast cancer treatment using the ‘International Patient Decision Aids
Standards instrument (IPDASi) checklist.

Tool Information
about
options (8)

Outcome
probabilities
(8)

Clarifying
values (4)

Decision
guidance
(2)

Development
process (6)

Using
evidence
(5)

Disclosure
and
transparency
(2)

Plain
language
(1)

Total
(36)

Neoadjuvant Therapy
Breast Cancer Nomogram to Predict Positive SLNs, after

Neoadjuvant Chemotherapy [34,35]
3 3 0 1 1 2 1 1 12

Breast Cancer Nomogram to Predict Positive SLNs, without
Neoadjuvant Chemotherapy [36,37]

3 3 0 1 1 2 1 1 12

Breast Cancer Nomogram to Predict Additional Positive
Non-SLN, without Neoadjuvant Chemotherapy [38,39]

3 3 0 1 1 2 1 1 12

Breast Cancer Non-SLN Nomogram Calculator, with
Neoadjuvant Chemotherapy [40,41]

3 3 0 1 1 4 1 1 14

Response to Neoadjuvant Chemotherapy [42] 3 6 0 1 2 0 0 0 12
Residual Cancer Burden
Calculator [43]

2 2 0 1 2 0 0 0 7

Chemotherapy Response Calculator [44] 3 4 0 1 2 0 0 0 10
Radiation Therapy
Breast Cancer Nomogram to Predict Benefit of Radiation for

Older Patients who have undergone Breast Conserving
Surgery [45,46]

4 6 0 1 1 4 2 0 18

IBTR! Version 2.0 [47] 4 6 0 1 1 4 2 0 18
Surgery/Adjuvant Treatment
BTxChoice [48] 5 6 0 1 1 4 2 0 19
Age Gap Decision Tool: Primary Endocrine Therapywith and

without Surgery [49]
7 6 1 2 3 5 2 0 26

Age Gap Decision Tool: Surgery with and without
chemotherapy [50]

7 6 1 2 3 5 2 0 26

INFLUENCE [51,52] 6 6 0 1 2 4 2 0 21
Breastconservation.com [53,54] 4 3 0 1 1 4 2 0 15
PREDICT [56] 6 6 0 1 2 5 2 0 22
CancerMath: Therapy calculator [57] 6 6 0 1 1 4 2 0 20
CancerMath: Nipple involvement calculator [57] 2 1 0 1 1 4 2 0 11
Nottingham Prognostic Index [6,61] 3 4 0 1 1 3 2 0 14
Adverse Effects
BRA Score [62] 4 6 0 1 2 3 2 0 18
Risk of Ischemic Heart Disease inWomen after Radiotherapy

for Breast Cancer [63,64]
4 4 0 1 1 3 2 0 15

Information about options: The tool describes the health condition, options available, natural course of the condition, and compares positive/negative features of each option.
Outcome probabilities: The tool provides information about the outcome probabilities for each option, specifies the defined reference class, event rates, and time period over
which the outcomes apply, compares probabilities across the same time periods, provides information about uncertainty, and provides more than one way to view the
probability.
Clarifying values: The tool describes features of options to help patients imagine what it is like to experience physical, psychological, and social effects.
Decision guidance: The tool provides a step-by-step way to decide and includes tools for discussion with practitioner.
Development process: The tool (or associated paper) mentions the development process including finding out what health professionals/patients need to prepare, whether
the tool has been field-tested with professionals/patients, and any expert views.
Using evidence: The tool (or associated paper) describes how research evidence was selected or synthesized, provides a publication rate, and proposes update policy.
Disclosure and transparency: The tool (or associated technical documentation) provides information about funding used and includes author/developer credentials.
Plain Language: The tool (or associated paper) reports readability levels using available scales.
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to be strongly associated with breast cancer mortality.
The web decision tools included in our study, clearly stated the

target audience e whether they were specifically designed for
physicians who are familiar with the complexity of treatment op-
tions, or if they can be safely used by patients. ‘Response to Neo-
adjuvant Chemotherapy Nomogram’ [42] provided separate
written instructions for physicians and patients on the webpage. It
52
is intuitive that tools designed for trained physicians would incor-
porate more medical language and provide less background infor-
mation, while tools designed for patients pay closer attention to
providing knowledge and clarifications on medical terms in plain
language. However, only the ‘Age Gap Decision Tools’ [49,50] were
evaluated in a cluster randomized trial and found that the use of
this tool increased knowledge of breast cancer treatment options
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and facilitated shared decision making in its target user population
[66].

To our knowledge, there are no data on the usability, feasibility,
or acceptability of the web-based clinical decision tools included in
this scoping review. Except for ‘The Age Gap Decision Tools’ [49,50]
none of the other web-tools had been assessed for its impact on
communication, decision making or patient outcomes in clinical
trials. Therefore, we do not know if these tools are used by
healthcare providers or patients as intended by the tool developers.
Personalized nomograms were developed to supplement a physi-
cian's decision-making process, yet there is limited data on how
physicians use these tools or if they improve clinical decisions in
practice. There is a need to test the efficacy, implementation, and
dissemination of widely used clinical decision tools such as ‘Can-
cerMath’ [57] and ‘PREDICT’ [56].

Breast cancer treatment decisions require the consideration of
several treatment options at a given time [25]. For example, an
older woman who has undergone breast conserving surgery may
have to decide about radiation therapy, adjuvant chemotherapy, as
well as the side effects of surgery and treatment. Yet, we did not
find any web decision tools that addressed treatment options
across multiple modalities. The development of multimodality
tools in the future could help women facing more complex treat-
ment decisions. Also, current tools addressing similar populations
on different modalities could be integrated into one comprehensive
tool. For example, the MD Anderson Calculators
[35,36,38,40,42e44] for guiding neoadjuvant treatment can be
combined into a single tool. Integrating multiple prediction calcu-
lators into one comprehensive decision tool may increase accept-
ability and convenience for users.

We did not find tools addressing decisions for newer breast
cancer treatments such as immunotherapy, cyclin-dependent ki-
nase 4 and 6 (CDK4/6) inhibitors, tyrosine kinase inhibitors, and
poly (ADP-ribose) polymerase (PARP) inhibitors. Future studies
should consider the development of tools addressing such
advancement in breast cancer treatment. Furthermore, breast
cancer has become a chronic condition rather than a life-
threatening illness owing to advances in screening, diagnosis, and
treatment [86]. There is increased attention on the quality of life
and long-term outcomes of survivors. Therefore, tools addressing
decision making in breast cancer survivorship could be useful to
patients, their family members, and healthcare providers.

Our evaluation of the web-based, interactive decision tools us-
ing IPDASi found several improvements that could be made on the
format and presentation of the existing tools. First, few tools pre-
sented the outcome probabilities in more than one way. Most no-
mograms provided a single percentage only, without any options
for visualizing the outcomes in graphs or charts. This might be
acceptable for tools for physician use but is less informative for
communicating statistical information to patients. ‘PREDICT’ [56],
on the other hand, provided outcomes in five different ways e ta-
bles, curves, charts, graphs, and icons. Second, most tools did not
provide information on the level of uncertainty around the calcu-
lated probabilities. Confidence intervals derived from sample data
or prediction intervals derived from prediction models should be
presented to users with explanations using plain non-statistical
language. Finally, although tools communicated information in
plain language without jargon, none of them evaluated readability
using a standard scale as recommended by IPDASi.

4.1. Implications for clinical practice

It is critical to address the lack of data on the usability, accept-
ability, and feasibility of the current web-based clinical decision
tools used to guide breast cancer treatment decisions. Clinicians
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could collaborate with behavioral scientists and health services
researchers to design studies that will help evaluate the use and
impact of these tools on communication and decision quality in
clinical practice. It is important for clinicians to be involved in such
studies, as clinical input is essential in developing trials that include
clinically-relevant endpoints that will help capture the utility of
these tools in supporting treatment decisions and cancer care.

Current quality assessment checklists for clinical decision tools
primarily evaluate the performance of the tools from the patient's
perspective. These checklists have limited items to capture the
healthcare provider's perspectives on clinical decision tools. For
example, there are no items in IPDASi to evaluate how the tools
help the clinicians with communication or shared decision making.
New quality assessment tools could be developed in collaboration
with clinicians to evaluate the current clinical decision tools.

Clinicians have a keen understanding of current challenges, evi-
dence gaps, and other clinical dilemmas related to modern breast
cancer treatment, whereas patients know their values and prefer-
ences that influence treatment decisions. Therefore, it is important to
involve both clinicians and patients in web tool development from
conception to implementation to create novel tools that could be
useful for both patients and healthcare providers.

4.2. Limitations

There are several limitations that should be considered in
evaluating our study findings. First, we were unable to include
clinical decision tools that were no longer publicly accessible
[87,88] as well as those tools that did not have English language
versions [89,90]. Therefore, we may have underestimated the
clinical decision tools eligible for this study. Second, we did not
compare the statistical/mathematical models used in these tools as
it was beyond the scope of our study.

Despite these limitations, we conducted a comprehensive
search and clearly laid out the steps we followed to identify a sig-
nificant number of tools and other pertinent information. To our
knowledge, this is the first review and compilation of information
on interactive, personalized, web-based clinical decision tools that
are currently available for breast cancer treatment.

5. Conclusion

There are several interactive, web-based clinical decision tools
that could support personalized breast cancer treatment decisions
in clinical practice. These tools could potentially help patients
become more involved in the decision-making process by making
their decisions clear, providing information about the options and
outcomes, and by clarifying personal values. It is important to note
that these decision tools were designed to complement, rather than
replace recommendations from a healthcare provider. However,
there is limited data on end-user evaluations and the effects of
these tools on breast cancer care. Therefore, future studies should
focus on assessing the impact of interactive, web-based personal-
ized breast cancer treatment decision tools on patient-provider
communication, the clinician's decision-making process, shared
decisionmaking, and patient outcomes such as knowledge, anxiety,
fear, and distress.
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Appendix B

Search strategy.

1. clinical decision tools.mp.
2. Decision aids.mp.
3. Decision algorithms.mp.
4. exp clinical decision rules/
5. exp Clinical Decision-Making/
6. treatment decisions.mp.
7. treatment outcome.mp.
8. treatment outcome.mp.
9. exp treatment outcome/
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2 The DST described the decision that needs to
3 The DST describes the options available for t
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9 Outcome probabilities The DST provides information about outcome
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31 The DST (or associated paper) provides a pro
32 The DST (or associated paper) provides infor
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36 Plain language The DST (or associated paper) reports readab

Note. DST ¼ Decision support technology.
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10. web-based.mp.
11. Internet-based.mp.
12. Online.mp.
13. exp Internet-Based Intervention/
14. breast cancer.mp.
15. exp Breast Neoplasms/
16. 1 or 2 or 3 or 4 or 5
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18. 10 or 11 or 12 or 13
19. 14 or 15
20. 16 and 17 and 18 and 19
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