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Abstract

Electronic health records (EHRs) present extensive patient information and may be used as a tool to improve health care.
However, the oncology context presents a complex content that increases the difficulties of EHR application. This study aimed
at developing openEHR-archetypes representing clinical concepts in cancer nutrition-care, as well as to develop an openEHR-
template including the aforementioned archetypes. The study involved the following stages: 1) a thorough literature review,
followed by an expert’s (nutrition guideline authors) survey, aiming to identify the main statements of published clinical
guidelines on nutrition in cancer patients that were not included on the Clinical Knowledge Manager (CKM) repository; 2)
modelling of the archetypes using the Ocean Archetype Software and submission to the CKM repository; 3) creating an example
template with Template Designer; and 4) automatic conversion of the openEHR-template into a readily usable EHR using
VClntegrator. The clinical concepts (among 17 clinical concepts not yet available in the CKM repository) chosen for further
development were: body composition, diet plan, dietary nutrients, dietary supplements, dietary intake assessment, and
Malnutrition Screening Tool (MST). So far, four archetypes were accepted for review in the CKM repository and a template
was created and converted into an EHR. This study designed new openEHR-archetypes for nutrition management in cancer
patients. These archetypes can be included in EHR. Future studies are needed to assess their applicability in other areas and their
practical impact on data quality, system interoperability and, ultimately, on clinical practice and research.
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Introduction

Electronic Health Record (EHR) systems contribute to the
provision of efficient, high-quality and integrated
healthcare [1]. However, previous studies showed that
EHRs have issues, especially regarding the effective shar-
ing of complete patient data between heterogeneous infor-
mation technology (IT) systems [2—4]. These interopera-
bility issues, that lead to incompatible data exchange, hin-
dering health care and research, need still heavy improve-
ment and research [5].

In order to solve these problems, several standards
have been proposed to represent and exchange electronic
health data [6-9]. Currently, the top standard is HL7,
which provides a complete framework for the exchange,
integration, sharing, and retrieval of electronic health in-
formation [9]. Regarding interoperability, Fast
Healthcare Interoperability Resources (FHIR) is an HL7
specification for the electronic exchange of healthcare
information [10]. FHIR consists of two main parts - a
content model (for clinical or administrative contents of
the health records) in the form of ‘resources’, and a spec-
ification for the exchange of these resources [9]. The
data are represented as knowledge artifacts that are struc-
tured, computable, and shareable representations of clin-
ical knowledge [11]. Although widely spread, FHIR pre-
sents some drawbacks, which are addressed by other
standards.

openEHR is another standard that comprises a set of
open specifications for EHR architecture, aiming at en-
abling semantic health information interoperability be-
tween EHR systems. openEHR consists of a two-level
framework: the reference model and the archetype model
[12]. The latter is the most appealing aspect of openEHR,
as it provides the structures for facilitating adequate data
collection, data sharing and fine-grained EHR querying
[13] and for allowing a structured and complete represen-
tation of the clinical models as suggested in disease
guidelines. The main approach difference between
openEHR and FHIR is that archetypes are maximal
datasets, expected to represent all the clinical content,
while FHIR resources only contain the most commonly
used clinical information, but can be extended with addi-
tional items for a specific use case. Thus, openEHR ar-
chetype development is more prone to be performed by or
with the direct involvement of healthcare professionals,
who present the knowledge that is necessary to develop
these maximal clinical content datasets [10, 14].

Promoting the interchangeability of patient health in-
formation among different medical care providers and ser-
vices, is crucial, namely in oncology. In fact, cancer has
been considered, in many cases, a chronic disease [15].
The number of patients who live longer with the disease
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has increased [16], stressing the care support on the
healthcare systems. Furthermore, EHR has the potential
to enhance oncological disease diagnosis and manage-
ment, by allowing quicker pathology identification and,
therefore, helping to prevent diagnostic delay, through
alerts, reminders, personalized suggestions from clinical
guidelines, among others [17-19]. Nevertheless, many
critical data in oncology, some crucial to treatment deci-
sions, such as biomarkers, disease staging, including me-
tastasis location, and disease progression [20], do not
have EHR support, while over half of the cancer variables
are collected in an incomplete and unstructured form [21].
The potential importance of structured EHR data collec-
tion and interoperability is supported by the relevance
given to the development of a guide with minimal com-
mon oncology Data Elements (mCODE™), implemented
in HL7 FHIR. mCODE™ is an initiative intended to as-
semble a core set of structured data elements for oncology
EHRs and is a step towards capturing research-quality
data from the treatment of all cancer patients.
Furthermore, a multi-stakeholder community called
CodeX — the Common Oncology Data Elements
eXtensions —, is forming within the FHIR accelerator
program. CodeX will expand around mCODE™ to en-
compass additional use cases, accelerating opportunities
to create a learning health system based on interoperable
data and improved patient care [22]. Also, in openEHR a
few initiatives have been underway, namely targeting the
development of oncology-specific archetypes. Chen et al.
(2009), for example, modeled chemotherapy guidelines,
and, by reusing several existing archetypes and authoring
new archetypes and templates, were able to represent a
lymphoma treatment guideline into an openEHR-
template [23]. The modelled archetypes, however, were
not submitted nor peer-reviewed by the Clinical
Knowledge Manager (CKM), an international archetype
repository. The openEHR-CKM has an ongoing project
on cancer reporting; however, it is still very limited [24].

Nutrition management is particularly relevant regarding
the care of cancer patients [25, 26]. It is known that patients
with cancer often present nutritional deficiencies, malnutri-
tion and consequently weight loss up to 40%, depending on
the type of cancer [27, 28]. These numbers led to the devel-
opment of specific guidelines to support better nutrition care
for cancer patients. Nonetheless, current EHRs are not
adapted to the specificities of nutrition care, namely with a
lack of specific documentation on nutrition safety and effec-
tiveness [29]. Despite the need to enhance EHR in oncology
and nutrition contexts, studies approaching strategies to im-
prove these issues are very scarce. Developing specific tem-
plates to record clinical data suggested in guidelines for
nutrition in cancer care can support a better access to clinical
data and ultimately lead to better patient care, especially if
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using a standard that allows structured data representation
and interoperability.

The present study aimed to develop openEHR-archetypes
capable of representing clinical concepts in nutrition for can-
cer care, as well as to develop an openEHR-template using the
developed archetypes.

Fig.1 Flowchart of the openEHR
based approach for clinical
oncology data

1. Clinical conception identification

2.CKM analysis

3. Clinical concept validation

4,5 6. Archetype development and use

Material and methods

This study was performed using the approach suggested
by Bacelar-Silva et al. [30] Braun et al. [31] and Moner
et al. [32], comprising the following sequential steps

(Fig. 1).
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Clinical concepts identification

The first task was to identify the clinical statements in the
European Society for Clinical Nutrition and Metabolism
(ESPEN) guideline on nutrition for cancer patients [26].
This guideline was chosen because it is the most up to date
in supporting nutrition management in cancer patients. The
task was performed by three authors, one nutritionist, and
two physicians, that independently identified and listed the
clinical statements (e.g. body composition, body mass index)
within the ESPEN guidelines. This selection was performed
considering the nature of the statements and their objectives in
clinical practice [31]. Thereafter, the identified clinical state-
ments were organized and structured as archetype-friendly
concepts, as described by Bacelar-Silva et al. [30] and
Maranhao et al. [33].

After reviewing the ESPEN guidelines on nutrition for can-
cer patients, the authors identified 71 clinical statements and
organized them into 23 archetype-friendly concepts (Table 1).

Table 1 Clinical statements, their respective archetype-friendly con-
cepts and CKM status
Archetype-friendly | Clinical concepts identified in | Status Link
concept ESPEN guidelines on nutrition in | (CKM)
cancer patients
Body Mass Index BMI °
(BMI)
Body surface area | Mid-upper-arm muscle area
Health Education Nutrition education
Laboratory test result | Inflammation — TNF-alfa — IL-6 -
Malnutrition Universal | MUST [}
Screening Tool
(MUST)
Weight Weight gain — percentage of the 6
original weight
Body Composition | Skeletal muscle — muscle mass — @ | htips//www.openchr.org
fat mass — body composition — fat- ckm/archetypes/1013.1
free mass — body fat-free mass 2842
index  lean body mass
appendicular skeletal muscle index
— lumbar skeletal muscle mass
Dietary nutrients Fat - protein intake — glucose & | hitps:/www.openchr.org
lipids — energy intake — energy ckm/archetypes/1013.1
balance - caloric 2745
Dietary supplements | Antioxidants — probiotics — dietary @ https:/www.openehr.org
(phytochemicals) | supplements ckm/archetypes/1013.1
282
Malnutrition Screening | MST @ | https//www.openehr.org
Tool (MST) ckm/archetypes/1013.1
2816
Diet Plan Early satiety — low appetite — (O]
chewing - intestine activity
increase appetite — Food choices
Dictary intake Food recall @
Patient-  generated | PG-SGA ®
Global Assessment
(PG-SGA)
Quality of life scale | QoL scale ®
Energy requirement Total energy expenditure (TEE) — +
resting energy expenditure (REE),
energy expenditure — resting
metabolic rate
Enteral nutrition Enteral nutrition — artificial +
nutrition
Health food intake | Index of food intake ¥
index
Macronutrients EPA —n-3 — n-6 — eicosanoids - ¥
DHA
Micronutrients Vitamins — Vitamin D — B-carotene +
— vitamin A — Vitamin E — Vitamin
BI- glutamine — leucine —
aminoacids -sodium — trace
elements — calcium - selenium
selenomethionine — thiamine —
arginine - phosphate
Mini Nutritional | MNA-SF ¥
Assessment — short-
form (MNA-SF)
Parenteral Nutrition Parenteral nutrition +
Physical activity | Physical activity ;
Subjective Global | SGA ¥
Assessment (SGA)

@archetype existing in CKM; @ new archetypes approved by CKM;

new archetypes in review by CKM; (%) not approved by CKM; ®
copyrighted instrument; + clinical statements identified in ESPEN guide-
lines, but not voted as relevant by nutrition experts.
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Clinical Knowledge Manager (CKM) analysis

Subsequently, a CKM analysis was performed. CKM is an
official archetype repository adopted to rule the knowledge
in an international domain [24]. CKM repositories, namely
international (International CKM - http://www.openehr.org/
ckm/), Australia (NEHTA - http://dcm.nehta.org.au/ckm/)
and United Kingdom (NHS - http://ckm.apperta.org/ckm/)
were used to search for the concepts listed by the authors in
order to avoid the development of duplicate archetypes. The
search was executed using the name of the concept and the
core-data items. New archetypes were considered for devel-
opment when the concepts were not already available in the
searched CKM repositories (Table 1).

Clinical concept validation

Subsequently, clinical-concept validation was performed by a
panel of multidisciplinary experts in this area (e.g. nutritionists
and physicians experts in nutrition science), using a one-round
questionnaire. The study questionnaire was developed by a
multidisciplinary team including a nutritionist and a physi-
cian. The clinical statements identified in the previous step
were included in alphabetic order; those that were already
present in the CKM (n = 6) were excluded from the question-
naire. A pilot test was performed with healthcare professional
volunteers (n = 5) aiming to detect errors and collect opinions
about the survey questions. The questionnaire was considered
easy to understand and no change was suggested.

The experts are co-authors of the main guidelines on nutri-
tion, namely from the ESPEN, American Cancer Society
(ACS), and American Society for Parenteral and Enteral
Nutrition (ASPEN), and were contacted individually by email
to fill a questionnaire comprising one question on the rele-
vance of the archetype-concepts chosen by the paper authors
(“Which are the five most relevant clinical statements to be
registered in cancer patient records regarding nutritional infor-
mation?”). The experts were asked to order their preferred 5
archetypes-concepts from 1, the most important, to 5, the least
important. Additionally, the professionals could give their
opinion on the relevance of each clinical concept, add other
clinical statements or mark “none”, in case they did not con-
sider any clinical statement relevant.

Archetype modelling in openEHR

Subsequently, the selected concepts were modelled as
openEHR archetypes. Archetype modelling has been widely
applied in previous studies [30, 32, 34]. The concepts were
discussed by the authors and relevant items were identified
from books, journal articles, and guidelines. Afterwards, the
archetype data was structured considering that each data is
internally coded by a term code (at-code), which provides
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identity to the data nodes of the archetypes (i.e. to “name”
the data) and value sets for leaf attributes [35].

The Ocean Archetype Editor software was used to model
the archetype concepts [36]. The Archetype Editor provides
graphical user interfaces that support openEHR-archetype
creation and edition [31]. All archetypes were modelled in
English.

CKM submission for review

After development, the archetypes were submitted to the
CKM review-board through the openEHR.org platform.
This platform works as an archetype repository with a
review control-system. If the archetype is approved by
CKM reviewers, it will have passed through the rigorous
review of an international clinical community.

openEHR-template and user interface

The final step was the creation of an example openEHR-
template, including both archetypes conceived in this study
and some previously developed ones. The Ocean Template
Design software was used to generate the template, which
was then tested using the VClntegrator software [37].
VClntegrator allowed the automatic conversion of
openEHR-template into a readily usable EHR, as mentioned
by Sousa, E. et al. [38] and Trindade-Vilaca et al. [39].

Statistical analysis

Descriptive statistics were used to summarize the voting
process by the nutrition experts. The score was calculated
considering the relevance (1st-5th) stipulated by the experts,
using the following correspondence: 1st=>5 points, 2nd =4
points, 3rd =3 points; 4th=2 points and Sth=1 point.
Individual scores were summed to give the final score to each
archetype-concept. Ties were settled by the number of votes;
however, if the ties remained after these two classification
systems, the last tied archetypes were considered to be
modeled.

Results

A total of 34 nutrition experts were contacted, and 7 answered
the questionnaire (3 nutritionists and 4 physicians). The first 5
concepts were: body composition, Patient-Generated Subjective
Global Assessment (PG-SGA), diet plan, quality of life scale
(QoLs) and dietary nutrients (Table 2). However, PG-SGA
and QoL scale are copyrighted instruments and cannot be di-
rectly modelled as openEHR-archetypes without formal autho-
rization from the authors; these concepts were replaced by the
following most voted archetypes, dietary supplements

Table 2  Summary of the voting process by the experts and scores
attained by each concept
Archetype-friendly concept Votes  Score Rank
()
Body composition 6 18 1st
Patient-Generated Subjective Global Assessment 3 15 2nd
(PG-SGA)
Diet plan (e.g. satiety, chewing, appetite, etc.) 3 9 3rd
Quality of life scale (QoLs) 2 9 4th
Dietary nutrients (e.g. protein, glucose) 2 8 5th
Dietary supplements (e.g. phytochemicals) 3 7 6th
Dietary intake assessment (e.g.: food diary, 2 6 7th
R24h, etc.)
Malnutrition Screening Tool (MST) 2 6 7th
Physical Activity 3 5 8th
Health food intake index 1 5 9th
Macronutrients 2 4 10th
Micronutrients 2 4 10th
Energy requirement 1 4 11th
Subjective Global Assessment (SGA) 1 4 11th
Enteral Nutrition 1 3 12th
Parenteral Nutrition 1 1 13th
Mini Nutritional Assessment Short Form 0 0 14th
(MNA-SF)
Other 1? - -
None - - -

The score was calculated considering the relevance (1st-5th) stipulated by
the experts, using the following correspondence: 1th =15 points, 2th = 4
points, 3th=3 points; 4th=2 points and Sth=1 point. To tiebreak, the
number of votes was considered.* One expert suggested, additionally,
“Nutrition impact on symptom profile (e.g.: nausea, etc.)

(phytochemicals) (6th), and dietary intake assessment and mal-
nutrition screening tool (MST), tied in the 7th place.

After successful development, these 6 archetypes were sub-
mitted to the International CKM repository, and 4 (body com-
position, dietary nutrients, dietary supplements
(phytochemicals) and MST) were approved by the CKM ed-
itors. Links to the mind map representations of the accepted
archetypes are presented in Table 1. The archetype “diet
plan”, which intends to record information about an individ-
ual’s diet, is still under review by the CKM editors. The ar-
chetype “dietary intake assessment” was not approved, since,
according to the CKM editor, it comprises many concepts
(e.g. food frequency questionnaire, 24-h diet recall, among
others) that should be represented independently.

All created archetypes are available at https://github.com/
priscilamaranhao/oncology-archetypes ODISSEIA.git

The example openEHR-template was successfully created
(Fig. 2) and was further represented in the user interface built
with VClIntegrator (Fig. 3). Figures with an enhanced and
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Fig. 2 Oncology template modelled from Template Design

wider detail of the example template and user interface are
available as supplementary material.

Discussion

This study focused on describing the development process of
openEHR archetype-based structures, used to represent cancer
clinical statements proposing nutritional care. These arche-
types can be used to improve EHR interoperability [40].

Some authors have suggested that EHRs have a strong
potential to improve cancer outcome research [41] and pa-
tient care [42, 43]. However, EHRs usage in oncology pre-
sents, currently, many challenges related to structural (e.g.:
interoperability, incorporation of different data forms...),
clinical (e.g.: codification, linking of departments and care
continuity) and research-related issues (e.g.: missing data,
generalizability, privacy) [41, 44]. The core set of cancer
data elements established by mCODE and leveraged by
CodeX are a recent attempt to solve the challenges related
to the EHR storage of oncology data [44]. Nevertheless, in
nutrition management for cancer patients, which is unani-
mously a relevant issue, no information is available about
which variables should be stored.

3] Opanae Gpanab (opaneh) G5
RN

<) Oitimos Pacientes =

C i o | Template compilado sem sucesso | J4 existe o recurso

{TOOLBAR)
Health

| e |8 Archetypes - @-
@-{E composition

-0 entry

@3 section

@3 structure

-3 cluster

- element

Despite obtaining nutrition expert opinions, we cannot as-
sert that we created the most important clinical concepts in the
nutrition and cancer context, since some of the identified con-
cepts were already represented in CKM (i.e. body mass index,
weight, body surface area) and did not have their relevance
assessed by the experts; moreover, only the ESPEN guidelines
were considered in the identification of the clinical statements,
and additional relevant concepts could be present in other
guidelines. We believe that, since these are quite general con-
cepts with direct applicability to other clinical areas, there was
a great need for this development. Nevertheless, the “dietary
intake assessment” archetype was not approved by CKM.
They justified that this archetype contained multiple concepts
and proposed a new archetype named “food diary”. However,
we understand that “dietary intake assessment” archetype
should be only one concept, which intends to record the die-
tary assessment method (e.g., 24-h recall, food frequency
questionnaire, among others), informing the dietitian on how
was data obtained regarding food and beverages consumed on
a given day.

In fact, openEHR is a relevant approach to model-driven
development of EHR and stimulate clinicians to be an active
part in the modelling process [45]. Kanas et al. described the
importance of having medical professionals guiding the de-
velopment of EHR systems as a way to improve the quality of

PESQUISA

Upload de novos templates

U Escolher arquivos 2 arquivos

»| Contactos / Informacdes {3
» Ferramentas Zl
Templates jé existentes
Nome do modulo:
openEHR
Nome do Template a Compilar
Compilar

Fig. 3 View of the template after automatic conversion into an EHR, by VClntegrator
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cancer care through oncology outcome research [42]. This is
possible through openEHR standards, which allow that clini-
cal statements are evenly modelled by physicians. As a result,
openEHR-archetype modelling has been used in many studies
to enhance EHR in specific clinical areas, such as
nutrigenomics and multiple sclerosis functional assessments
[31, 46]. Nonetheless, despite these efforts, the CKM reposi-
tory presents few archetypes to answer clinical management
demands in some areas. Therefore, to make this approach
more effective, there is a paramount need for more archetypes
to be modelled, always respecting guidelines, published clin-
ical research and expert opinions, to develop trustworthily and
validated tools.

Nevertheless, copyrighted tools cannot be represented into
the openEHR standard without a formal acceptance from the
authors, agreeing, during the process, on a more open license.
openEHR is an open industry specification, not compatible
with copyright-related restrictions. In the present study, de-
spite being considered an important tool by the experts, the
most adequate oncology-specific QoL scales and PG-SGA
presented copyrights and could not be directly designed as
an openEHR-archetypes. This issue limits the modelling of
some important tools (e.g. questionnaires, scales, etc) that, if
modeled in openEHR, could provide better support to the
improvement of cancer management.

To the best of our knowledge, this study is the first to
develop openEHR-archetypes, approved by the CKM, and a
template representation for the management of nutrition in
cancer patients. openEHR archetypes modelling is a relevant
tool not only for nutrition but also for many other issues in
cancer management and treatment. In fact, despite the scarcity
of oncology openEHR-archetypes available in CKM reposi-
tory, some researchers have used them to model an EHR ca-
pable of identifying and improving breast cancer treatment
processes and chemotherapy guideline uses [47]. Those stud-
ies applied openEHR-archetypes because they allowed the
EHR to become more structured, which may improve the
interoperability, contributing to better clinical care and
research.

openEHR is optimised to provide a data platform with a
focus on the persistence of data, and the better way to store
medical information [48], allowing the creation of standards,
to build information and interoperability solutions. There are
more than 500 archetypes in different medical areas that were
already developed, such as related to nutrition, COVID-19, ge-
nomics, obstetrics/gynaecology, and so on. Conversely, HL7
FHIR, despite being focused on interoperability and data as well,
is optimized for exchange of data, through the provision of
simple and easy to use REST API’s. The basic building block
of FHIR is a resource, which is used, for instance, to exchange
clinical content, create care plans and diagnostic orders [48, 49].

Finally, we demonstrated an example of the conversion of a
specific-template, built with openEHR-archetypes, into an

EHR form, which also supports the practical and borderless
applicability of the developed openEHR-archetypes. Health
professionals that download openEHR-archetypes from the
CKM website can create a specific template for oncology
treatment and automatically convert it in an EHR form, with-
out the need for information technology (IT) professionals.

This study has some limitations. First, there are many avail-
able guidelines for nutrition management in cancer patients,
but they were not reviewed in this study. However, we believe
that the most significant clinical concepts in this area are sim-
ilar among the different guidelines. In addition, nutrition is an
extensive research field, and choosing the most relevant clin-
ical statements is challenging. Nevertheless, the clinical con-
cepts were selected for further development by nutrition ex-
perts (nutrition guidelines authors) in this area, supporting the
relevance of the openEHR-archetypes that were modelled
herein.

The choice of the concepts to develop was based on one-
round questionnaire. Although we acknowledge that using a
Delphi would be better, we believed that, considering the use
of the questionnaire just as a way to support the selection of
the first archetypes to develop (which would be the most im-
portant ones), and to decrease the nutrition expert burden, a
one-round questionnaire, although limited, would give
enough information. However, this methodology was further
limited by the low response rate of 20%. Digital surveys usu-
ally present a lower response rate than the paper counterpart
[50], thus a low number of responses was expected. In fact, a
20% response rate is inline with the values reported by other
studies using similar data collection methodologies [51].
Moreover, the focus on guideline authors limited the number
of potentially contactable individuals, further reducing the to-
tal number of participants, but ensuring that those who an-
swered were experts on the subject.

Subsequently, our future perspective is to model a com-
plete set of clinical statements for nutrition care in oncology
and test it in a real-life study.

Conclusions

The present study described the process to identify and to
model openEHR-archetypes for nutrition management in on-
cology patients and produced an example openEHR-template
and EHR user interface. These tools can be applied by health
and IT professionals to enhance structured data collection and
promote interoperability between EHR systems.
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