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Abstract

Background: Cancer is a leading cause of death worldwide. Early detection through screening, diagnosis, and effective
management can reduce cancer mortality. Risk assessment is crucial for improving outcomes by identifying high-risk individuals
based on family history, genetics, lifestyle, and environment. Such targeted screening enhances accuracy and resource efficiency.
However, the complex nature of oncology data—which includes clinical observations, lab results, radiology images, treatment
regimens, and genetic informati on—presents significant challenges for data interoperability and exchange.

Objective: Thisstudy proposes an oncology datamodel (ODM) based on the Fast Healthcare | nteroperability Resources (FHIR)
standard to facilitate the capturing, sharing, and processing of oncology data across various cancer care stages. We particularly
focused on screening and risk assessment for 5 cancers: breast, cervical, esophageal, lung, and oral, within the Meghalaya Fourth
Industrial Revolution for Sustainable Transformation Cancer Care pilot project in India.

Methods: The ODM incorporates data elements from a cancer patient’s journey across 5 phases: encounter, risk assessment,
clinical investigation, treatment, and outcome. Essential oncology data elements were modeled using the Health Level 7 FHIR
Revision 4 standard. Custom FHIR profileswere devel oped for cancer-specific use cases, with terminology mapped to Systematized
Nomenclature of Medicine-Clinical Terms, Logical Observation Identifiers Names and Codes, and the International Classification
of Diseases, 10th Revision. The implementation guide (1G) was created using FHIR Shorthand, SUSHI Unshortens Short Hand
Inputs, and the Health Level 7 IG Publisher. Technical and clinical validation and a stakeholder usability assessment were
conducted using a demonstration tool designed for implementer training and adoption.

Results: The datamodel enhancesinteroperability across the cancer care continuum, from screening to treatment. The resulting
|G includes 25 oncol ogy-specific resource profiles and 50 standardized terminology value sets that support both semantic and
syntactic interoperability. Central to the model are the FHIR Questionnaire and QuestionnaireResponse resources, customized
for structured data collection in clinical and community settings, supporting cancer screening workflows. Technical validation
yielded FHIR conformance and terminology binding, while clinical validation by oncologists and public health experts confirmed
the usability and relevance of 5 screening questionnaires. The demonstration tool promoted stakeholder engagement and practical
evaluation of the FHIR profiles.

Conclusions: The FHIR-based ODM offers a unified framework for structured, interoperable cancer data exchange from
screening to after treatment. This study marks the first comprehensive Indian initiative to apply FHIR standards for oncology
screening and risk assessment. Integrating with national digital health systems, like the Ayushman Bharat Digital Mission, can
ensure consistent data sharing across screening programs, hospitals, and registries. Future work will focus on real-world model
deployment, evaluation in multiple districts, expanding to treatment and survivorship data, and promoting national adoption to
inform cancer policy, research, and precision oncology efforts.
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Introduction

Despite advances in treatment and early detection, the global
cancer burden continuesto rise dueto factors such as population
growth, aging, lifestyle changes, and environmental influences.
Millions of new cancer cases and deaths occur each year, with
lung, breast, colorectal, and prostate cancers being the most
prevalent [1]. In India, cancer isasignificant contributor to the
burden of noncommunicable diseases, leading to substantial
out-of-pocket expendituresfor patients. In 2022, Indiarecorded
more than 1.46 million new cancer cases, resulting in a crude
incidence rate of 100.4 per 100,000 individuas [2-4]. In the
state of Meghalaya, India, thereisahigh prevalence of oral and
esophagea cancers, primarily due to lifestyle factors, such as
tobacco and betel nut consumption. The region’s unique
sociocultural practices significantly contribute to these patterns.
Accessto cancer carefacilitiesislimited, forcing many patients
to seek treatment outside the state, which highlights the need
for arobust framework for sharing data of patients with cancer
to ensure continuity of care[4].

Cancer screeningisavital component of comprehensive cancer
control, targeting early detection and timely intervention for
cancer management. It offers significant benefits, including
improved patient prognosis, reduced treatment costs, and
enhanced public health outcomes. Unlike diagnostic procedures
that are performed once symptoms appear, cancer screening
targets individuals who are asymptomatic, enabling early
identification of malignant neoplasm when they are most
treatable and manageable. Recognizing this need, the Indian
government has launched several targeted screening programs
aimed at these prevalent cancers [5-7]. These initiatives strive
not only to increase public awareness but al so to improve access
to screening services across the population [8]. To enhance the
effectiveness of these programs, innovative technologies, such
as artificial intelligence, machine learning, digita health
platforms, mobile screening units, and cost-effective diagnostic
methods, are being integrated into the screening process[9-11].
In addition, novel biomarkers specifically tailored to the Indian
demographic are being explored to improve accuracy and
facilitate early cancer detection. These efforts are being
implemented through collaborative models involving central
and state governments, nonprofit organizations, and private
health care providers.

Cancer data are sourced from various platforms, such as
screening systems, electronic health records, laboratory systems,
imaging systems, and cancer registries. The lack of uniform
data formats and protocols across these federated platforms
results in incompatible data that are challenging to integrate,
leading to delaysinintegration [12]. Incomplete dataintegration
limits the effectiveness of clinical decision support systems,
which rely on comprehensive datato provide actionableinsights.
Addressing these datainteroperability issuesrequires concerted
efforts [13,14]. Implementing standardized formats and
protocols can greatly enhance the quality and efficiency of
cancer screening, diagnosis, and treatment globally. The World
Economic Forum (WEF), through the Center for the Fourth
Industrial Revolution in India, has designed the Fourth Industrial
Revolution for Sustainable Transformation (FIRST) in the health
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care sector. This strategy seeksto align all the stakeholdersin
the health care ecosystem and address critical challengesacross
18 themes along 3 streams: prevention and early detection,
curative care, and governance by using Fourth Industrial
Revolution technologies. Cancer is the first theme that the
FIRST Health portfolio will address, and the initiative has been
named FIRST Cancer Care (FCC). The need for the
development of an oncology data model (ODM) for
interoperability and integration among screening applications,
cancer health systems, diagnostic systems, cancer registries,
and reporting platforms has emerged from the FCC report
published by WEF [15].

The Fast Hedlthcare I nteroperability Resources (FHIR) standard,
developed by Hedth Level 7 (HL7) International, aims to
standardize the representation and exchange of health care
information [16]. FHIR's compatibility with multiple data
formats facilitates its implementation in diverse technological
contexts. Using a flexible and robust framework such as FHIR
in cancer data modeling aligns with the global and national
efforts to harmonize health care data and improve clinical
outcomes [17,18]. FHIR has been used in electronic health
record data exchange, cancer survivor data sharing, and cancer
clinical trialsin multiple studies[19-22]. One notable initiative
in oncology using the FHIR standard is the Minimal Common
Oncology Data Elements (MCODE) to develop and maintain
standard computable oncology data formats. mCODE is
developed by HL7 Accelerator CodeX, a collaborative
community that uses the FHIR standard to accelerate cancer
data interoperability. However, mCODE only focuses on
observations, conditions, status, stages, body structures (tumor),
and genomic report, primarily during and after cancer diagnosis,
with more than 37 profiles [23].

The Ministry of Health and Family Welfare, India, has adopted
FHIR R4 as a base standard for data exchange under its
Ayushman Bharat Digital Mission (ABDM), in which health
systems connect through the ABDM Heath Information
Exchange for sharing the patient’s health records [14,24,25].
The FCC program pilot isimplemented in the East Khasi Hills
district of Meghalaya state in India. The FCC pilot project in
Meghalaya concentrated on enhancing cancer screening
awareness and conducting comprehensive screening in the East
Khasi Hills district [26,27]. This focused approach aimed to
bridge awareness gaps and ensure early detection and
intervention at the community level. The execution of the project
involved multiple project implementation partners working on
a public-private cooperation model through a consortium,
including the National Health Mission (NHM) Meghalaya as
monitoring agency, Apollo Telemedicine Networking
Foundation as field implementation and deployment, the
National Programme for Prevention and Control of
Non-Communicable Diseases as advisory, the WEF as
coordination agency, and the Centre for Development of
Advanced Computing as datamodel development agency. This
paper particularly focuses on the design and development of
the ODM, specifically oncology data modeling used for cancer
screening using the FHIR framework [27-29]. ODM FHIR
profiles and VVal ueSets were devel oped by adopting and mapping
to existing ABDM profiles to support data interoperability and
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ease integration with other health systemsin the country. ODM
is the central component for interoperability between various
cancer care applications.

Figure 1. Patient journey.
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Methods

Overview

The ODM isdefined by considering the patient journey in cancer
detection and treatment in 5 key phases, asillustrated in Figure
1.

« Organ Involvement

Encounter

This is an initial phase involving the collection of patient
information, including demographics, present conditions,
medical history, family history, lifestyle, and test observations.
Encounters may occur through screening programs, routine
checkups, or incidenta findings.

Risk Assessment

Risk assessment is performed based on the data collected during
an encounter to classify the patient’s cancer risk aslow, medium,
or high. This step guides further investigation and care.

Clinical Investigation

Clinical investigation includes diagnostic examinations, clinical
tests, and investigations aimed at confirming acancer diagnosis.
Data generated in this phase may be fragmented due to the
complex nature of cancer care. For unconfirmed diagnoses,
follow-up with routine monitoring is advised. A confirmed
diagnosis moves the patient to treatment planning.

Treatment

Upon confirmation of cancer, a tailored treatment plan is
developed based on the diagnosis. Treatment options include
chemotherapy, hormone therapy, radiotherapy, surgery,
immunotherapy, and follow-up care. These options are
determined by factors such as disease stage, individual health,
and specific cancer characteristics.

Outcome

The outcomes are assessed after the treatment. Possible
outcomesinclude being alive without disease, alive with disease,
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deceased due to cancer, deceased due to another cause, or
unknown status.

This structured journey emphasizes continuous data capture
and amultidisciplinary approach to ensure comprehensive care
for patients with cancer.

FHIR Overview

FHIR is amodern health data exchange framework devel oped
by HL7 International to enhance hedth care data
interoperability. It adopts contemporary web technologies,
particularly RESTful interfaces [30]. RESTful interfaces, also
known as RESTful application programming interfaces (APISs),
are a type of APl that adheres to the architectural style of
Representational State Transfer. The FHIR framework is
structured around the modular componentsthat represent various
health care entities such as patients, medications, conditions,
and observations, called resources, making it both human
readable and implementable [31]. Its modular design is
instrumental in managing complex datasets, such as datasets
used in cancer research and treatment, including screening,
genetic information, clinical trials, and treatment histories
[32,33]. The normative status of FHIR R4 has enabled its use
inmany national health programsand health systems[19]. FHIR
also enables customizing and extending the resources for a
particular use case. These customizations are called profilesand
extensions. A profile specifies additional rules and constraints
on abase FHIR resource, such as making certain data elements
mandatory, defining specific data types, or restricting allowed
values for afield [34]. This framework aims to simplify data
exchange and improve the usability of health care information
systems through various exchange mechanisms and bundling
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methods. Figure 2 shows the core principles, components, and
data exchange mechanisms supported by the framework.

The FHIR standard provides a framework for the seamless
exchange of health careinformation electronically using modern
web technologies, such as RESTful APIs and multiple data
formats, including JSON, XML, and RDF. This standardized
approach enables interoperability between health care systems
for datasharing across platforms and devices. The core strength

Mantri et al

of FHIR lies in its fundamental building blocks—resources.
Each resourceisan entity that represents aspecific type of health
data. These modular units are designed for clarity and ease of
data handling, enabling developers to create applications that
seamlessly exchange and use these data [35]. For instance,
patient demographics are recorded in the Patient resource,
medical observations in the Observation resource, and family
history in the FamilyMemberHistory resource.

Figure 2. Fast Hedlthcare Interoperability Resources (FHIR) technical overview. API: application programming interface; CRUD: basic operations
performed on the data: create, read, update, and delete; EHR: electronic health record; LOINC: Logical Observation Identifiers Names and Codes;
OAuth2: open authorization protocol version 2.0; SNOMED CT: Systematized Nomenclature of Medicine—Clinical Terms.
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' "‘\I Resource based
_~_/  FastHealthcare Interoperability Resources (FHIR)
[ T\ organizes health data as Resources (2g, Patient,
Observation, and Medication )

RESTful architecture

Create, Read, Update, and Delete (CRUD) operations are
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G

Development of Standard ODM

The lack of standardization in health care data leadsto various
organizations using diverse formats and systems for data
collection and storage. This diversity can create challengesin
sharing and integrating data acrossinstitutions, which may affect
effective communication, collaboration, and the overall quality
of patient care. A unified data model offers a compelling
solution to this challenge. To tackle these challenges, leveraging
emerging technologies is essential.

The FCC report, devel oped by stakeholdersfrom various sectors,
outlines a strategy for transforming cancer care. The Meg Can
Care—Meghalaya Cancer Care program, the first of its kind
stateinitiativein India, aimsto enhance detection and treatment
adherence using emerging technol ogies through public-private
cooperation. These technologies, including smart screening
devices, screening applications, and el ectronic medical records
and hospital management information system solutions, must
interoperate with each other for data exchange and continued
patient care. By establishing standardized data capture processes,
such amodel would ensure consistency and compatibility across
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Key componants

Resources

More than 140 predefined data models (eg, Patient,
Allergyintolerance, and DiagnosticReport).

Profiles and extensions

Used to tailor resources for specific contexts or add
custom attributes

Bundles

Grouped resources for transactions or baich processing

FHIR server

Implements APl end point that manage the storage and
refrieval of resources

Smart on FHIR

OAuth2-based authentication and app launch framework
to FHIR APls

Data exchange mechanisms

API, Messaging, Document Exchange, and Event-based
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institutions. This, in turn, would facilitate ssamless data sharing,
leading to several key benefits. Enhanced communication and
collaboration among health care providers would lead to more
informed decision-making and, ultimately, better patient care.
Standardized data would enable researchers to conduct
large-scale studies more efficiently, leading to advancements
in cancer prevention, diagnosis, and treatment. A unified data
model would foster a more collaborative approach to cancer
management across various health care providers, facilitating
a more comprehensive approach to prevention, diagnosis, and
treatment. The implementation of a standardized data model
would extend beyond streamlining data exchange. Capturing
data through targeted questions during cancer screenings
providesawealth of critical insightsinto various patient aspects,
including demographics, present medical conditions, lifestyle
choices, and family history. These details can be structured
using specific FHIR resources, facilitating standardized data

capture.
Figure 3 provides an overview of various classes referred to in

the ODM. Different resources are used to create profiles for
cancer-specific data throughout the phases of a patient’s cancer
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journey. Generic resource classes, such as patient, condition,
medication, and outpatient department note, are directly derived

Figure 3. Oncology data model.
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FHIR Profilesfor ODM

Overview

The ODM ams to capture, represent, and exchange
oncology-related data in a consistent format across health care
systems. To achieve syntactic as well as semantic
interoperability, ODM development involved 4 stages: data
modeling, FHIR profiles development, terminology mapping,
and FHIR implementation guide (IG) development.

Data Modeling

This foundational stage involves identifying the essential
oncology data elements, data structures, and use cases and
modeling these data structures in alignment with FHIR's
resource-based framework. It also entails identifying the basic
resources and requirements of advanced or derivative resources
for cancer-related data. A thorough analysis of clinical
workflows and data sources in oncology care helped identify
the essential dataelementsand their relationships. The selection
of data elements occurred through a systematic and iterative
process. Thisinvolved anin-depth review and analysis of Apollo
Telemedicine Networking Foundation Cancer Screening and
Nationa Programme for Prevention and Control of
Non-Communicable Diseases applications (mobile or tablet and
portal) [28,36], community-based assessment checklist forms
[37], and noncommuni cabl e disease operational guidelines[38],
followed by the preparation of the comprehensive reference
documents.
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FHIR Profile Development

Once coreresources areidentified, FHIR profiles are developed
to tailor these resources to oncology-specific needs. Profiles
specialize existing resourcesto capture additional dataelements
that are unique to oncology. For instance, a CancerDiagnosis
profile might extend the Condition resource to capture specific
details about cancer types and stages [39].

Terminology Mapping

Terminology mapping ensures semantic interoperability in
oncology data. The data elements and value sets received from
the existing state health programs and survey forms are mapped
to standardized terminologies, including Systematized
Nomenclature of Medicine-Clinical Terms (SNOMED CT),
Logical Observation Identifiers Names and Codes (LOINC),
and International Classification of Diseases, 10th Revision. A
total of 50 standard terminology value sets were devel oped for
precise data representation and mapped to the relevant codable
data elements in FHIR resources. All the observation values
were fully mapped with the terminology bindings [40].

FHIR1G Overview

The FHIR 1G provides a detailed set of specifications and
guidelinesto address specific health care scenarios or use cases
[41]. 1t ensures consistent implementation, interoperability, and
compliance with established data-sharing frameworks. The
FHIR IGishosted in Meg Can Carefor adoption and integration
[42].

JMIR Cancer 2025 | vol. 11 | €79011 | p. 5
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR CANCER

The FHIR IG and profiles for ODM are developed based on
FHIR R4 andrefer to ABDM profilesusing thefollowing tools:

« FHIR Shorthand (FSH) is a specially designed language
for defining the content of theHL7 FHIR IG. It isdesigned
to be simple and compact and, along with SUSHI
Unshortens Short Hand Inputs (SUSHI), can be used to
produce FHIR profiles, extensions, and |Gs[43].

«  SUSHI isan FSH compiler. SUSHI converts FSH language
to FHIR artifacts. SUSHI can run in stand-alone mode or
as part of the HL7 |G Publisher [44].

- FHIR Validator is a Java command-line tool to validate
FHIR profile instances [45]. The definitions of the profiles
were created based on the FHIR specification in FHIR
(version R4 4.0.1).

« FHIR IG Publisher is a tool to generate, validate, and
publish FHIR IGs. It produces a static website for the guide,
which can be hosted on web servers[46].

Ethical Consider ations

Theresearch reported in this manuscript does not involve human
participants or animal subjects; ethical approval was not
applicable.

Results

A structured set of standardized FHIR profiles was devel oped
to support the representation and exchange of oncology-related
data, with a focus on enhancing syntactic and semantic
interoperability across the cancer care continuum. The
implementation effort culminated in the publication of a
dedicated FHIR 1G. The guide comprises 25 distinct resource
profilestailored to cancer screening, assessment, and treatment
workflows. In addition to the resource profiles, a total of 50
standardized terminology value sets were curated to ensure
consistency in data capture and coding. These value sets
facilitated alignment with recognized terminologies and
ontologies, supporting uniform interpretation and reuse of data
across systems. This work aimed to minimize the use of
extensions by reusing existing data elements from the base
standard. However, based on the requirements, 7 extensions
related to radiotherapy were devel oped and used in acontrolled
manner to ensure flexibility without compromising
interoperability. Furthermore, to facilitate training and
stakeholder engagement and promote adoption of the ODM, a
demonstration application was developed. This application
served as a practical tool to showcase the implementation of
the FHIR profiles, enabling hands-on exploration and feedback
from end users and decision-makers.

Key resources used in oncology data modeling were the FHIR
Questionnaire and QuestionnaireResponse resources. Custom
profiles were developed for both, reflecting the critical role of
cancer screening in early detection and care coordination. These
profileswere specifically designed to support the interoperable
collection of structured oncology data from clinical
environments and community-based digital health platforms.
The Questionnaire profile includes 2 mandatory elements: the
title and its intended purpose. The profile necessitates the
inclusion of at least 1 item within the questionnaire. The data
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mapping process involves creating an instance of the
guestionnaire profile populated with actual information.

The cancer screening questionnaires included 21 questions for
breast cancer, 20 questionsfor cervical cancer, 18 questionsfor
esophageal cancer, 20 questions for lung cancer, and 19
questions for oral cancer. These questions were collated from
stakehol der applicationsand validated by practitionersin NHM
Meghalaya. |mplementers can assign weights to the responses
to define cancer risk, which can then support further treatment
planning and analysis. On the basis of the Questionnaire profile,
5 separate instances were created for all 5 types of cancers.
These instances were developed based on inputs from the
existing cancer programs in the state and through multiple
stakeholder consultations, including oncology specialists at
NHM Meghalaya. The instance of the Questionnaire resource
with the standard question set to calculate the risk score for
breast cancer is shown in Figure 4. A similar standard
guestionnaire set was created for cervical, esophageal, lung,
and oral cancers.

Each question in the questionnaire is associated with the Linkld
element to uniquely identify the question. The Text element
stores the text of a question. The Cardinality defines whether
the mentioned question must be answered or not, and Type
shows the data type of the expected answer. The
QuestionnaireResponse profilefacilitates the capture of diverse
answers, with the values in Boolean, numerical data,
paragraph-length text entries, single-choice selections, and
multiple-choice selections. Responses are stored within a
designated QuestionnaireResponse profileinstance. The Linkld
element value assigned to each question enables the mapping
between individual responses and their corresponding questions
within  the template. Figure 5 illustrates the
QuestionnaireResponse Profile instance for breast cancer.
Similarly, afew more datainstances generated out of the ODM
profiles are shown in Figure 6. Data captured from screening
examinations for cancers served as the core input for risk
assessments to evaluate the likelihood of cancer devel opment.
The FHIR RiskAssessment profile was adopted for the result
representation. This profile covers patient information,
condition, observations, diagnostic reports, documentsfrom the
ABDM FHIR profiles, and the Prediction element to capture
the assessment’s result. The prediction can be expressed either
in textual form or viaa standardized terminology code, such as
SNOMED CT.

Technical validation focused on assessing syntactic correctness,
conformance to FHIR specifications, and interoperability
performance of the ODM. The validation process was carried
out using the HL7 FHIR Validator and the HL7 Application
Programming InterfaceFHIR Java command-line tool for all
25 oncology-specific FHIR resource profiles and 50 value sets.
All the resource instances passed syntactic validation against
the ODM |G with asuccessful mapping of coded data el ements
to SNOMED CT,; LOINGC; or International Classification of
Diseases, 10th Revision concepts, confirming strong semantic
alignment. The clinical validation was designed to ensure
clinica completeness, usability, and relevance of the data
elements and screening workflows. The 5 cancer-specific
screening questionnaires were reviewed by domain experts,
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including oncologists, public health specialists, and field
implementers from the Meghalaya Cancer Care Program.
Stakeholder engagement and usability assessments were

conducted using the demonstration tool to evaluate readiness
for implementation within the FCC ecosystem.

Figure 4. Questionnaire—breast cancer.
Structure
LinkID Text
[ 7] breastcancer-screening The given guestionnaire profile refers to the set of

Cardinality Type Description & Constraints rd

Questionnaire https://meghcancare-

standard gquestions being asked to calculate the
risk score for breast cancer.

stg.nhmmegh.in/in/odm/Questionnaire/breastcancer-
example#£0.0.1

~ age_onset_menstruation Age of onset of menstruation 1.1 choice Options: 3 options
~| age_first_child_birth What is the woman's age at the time of the birth 1.1 choice Options: 6 options
of first child?
~| benign_breast_biopsy Has the patient ever had breast biopsy with 1.1 choice Value Set: Yes/No/Don't Know
benign (non-cancerous) diagnosis?
«| relativecount_with_breastcancer_history Count of first-degree relatives with breast cancer 1.1 choice Options: 4 options
3 (Include only mother, sisters and daughters) ?
1~ 7] age_onset_menopause Age at onset of menopause 1.1 integer
i
% swollen_lymph_nodes Swollen lymph nodes under the arm or around the 1..1 boolean
collarbone?
% breast_swelling Swelling of all or part of the breast? 1.1 boolean
% nipple_or_breast_pain Pain in Breast or nipple? 1.1 boolear
- 3 nipple_retraction Retraction of nipple? 1.1 boolean
% redness_thickening_breast_or_nipple Redness or thickening of the nipple or breast skin? 1..1 boolean
— % bloody_nipple_discharge Bloody nipple discharge in one or both nipples? 1.1 boolean
% lump_thickening_breast Lump thickening in breast? 1.1 boolean
— » shape_position_nipple Change in shape and position of nipple? 1.1 boolean
% shape_position_breast Change in shape and size of breast? 1.1 boolean
- » swelling_armpit Swelling/lump in armpit? 1..1 boolean
% redness_ulcer_breast Redness of skin over breast or any ulcer? 1.1 boolean
% puckering_dimpling_skin Is skin Puckering or dimpling? 1..1 boolean
- ¥ preganant? Preganant 1.1 boolean
% individual_breast_exam Trained Individual for self breast Exam 1.1 boolean
~ 1| examination_details Significant details observed during the 1.1 string
examination
|2 breast_feeding_history History of Breast feeding 1..1 text
Figure 5. Breast cancer questionnaire response.
LinkID Text Definition Answer @
[[] breastcancer-screening-response Questionnaire: https://meghcancare-stag.nhmmegh.in/
Questi: ire/breastcancer- I
1| age_onset_menstruation Age of onset of menstruation Ftoil
1| age_first_child_birth What is the woman's age at the time of the birth of first child? 20-24
i_| benign_breast_biopsy Has the patient ever had breast biopsy with benign (non- v2 ¥/N Indicator N: No
cancerous) diagnosis?
- 11 relativecount_with_breastcancer_history Count of first-degree relatives with breast cancer (Include only One
mother, sisters and daughters) ?
11 age_onset_menopause Age at onset of menopause 60
i1 swollen_lymph_nodes Swollen lymph nodes under the arm or around the collarbone? true
1| breast_swelling Swelling of all or part of the breast? true
1| nipple_or_breast_pain Pain in Breast or nipple? trus
1| nipple_retraction Retraction of nipple? true
1| redness_thickening_breast_or_nipple Redness or thickening of the nipple or breast skin? true
1| bloody_nipple_discharge Bloody nipple discharge in one or both nipples? true
1| lump_thickening_breast Lump thickening in breast? true
1| shape_position_nipple Change in shape and position of nipple? true
1| shape_position_breast Change in shape and size of breast? true
-1 | swelling_armpit Swelling/lump in armpit? true
1| redness_ulcer_breast Redness of skin over breast or any ulcer? true
1| puckering_dimpling_skin Is skin Puckering or dimpling? true
- 1| preganant? Preganant true
1| individual_breast_exam Trained Individual for self breast Exam true
1| examination_details Significant details observed during the examination Observed details

i1 breast_feeding_history History of Breast feeding History breast feeding details
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Figure 6. Fast Healthcare Interoperability Resources—based instances vis-a-vis oncology data model (ODM) profiles.

Instance Description

Breast Radiation Therapy

Cancer Diagnosis

Partial Mastectomy

Clinical CancerStage: 2B

Clinical Primary Tumor Category: cT3

Clinical Regional Lymph Modes Category:

Clinical Distant Metastases Category: cM@

Human Specimen: Left Breast
Pathologic CancerStage Group: stage IIB

Pathologic Primary Tumor Category: pT3

Pathologic Regional Lymph Modes Category: pNe

Pathologic Distant Metastases Category:
Radiotherapy Volume: Chestllall
Radiotherapy Volume: LymphModes

2.5cm

Tumor Size:

Tumor : Left Breast

Discussion

The larger scope of ODM is to establish a unified information
model that integrates seamlessly with al cancer care
applications, including screening, diagnosis, treatment,
postoperative care, and the cancer registry. This integrated
approach hel psin enhancing the comprehensiveness and utility
of the datafor effective disease surveillance, policymaking, and
research.

The profiles and the questionnaire template developed as part
of the project have been devel oped, and efforts were undertaken
to ensure the template is tailored to the specific demographic
characteristics and needs. We have incorporated a mechanism
for periodic revision and updates of the questionnaire template.
This revision process is crucial for capturing accurate and
detailed screening information, enabling the model to address
changes in demographic profiles, emerging challenges, and
evolving needs. Currently, the ODM is under review and in the
integration stage, and it requires thorough consultation with
domain experts as well as validation from al relevant
stakeholders. To the best of our knowledge, this initiative
representsthefirst comprehensivework in Indiato develop and
implement an ODM for cancer screening and implement
Questionnaire and Questionnaire Response resources using
international standards, such as FHIR, SNOMED CT [47],
LOINC [48], and TNM staging—a classification system for
malignancy [49]. This positions the ODM as an early initiative
in oncology informatics.

Development of ODM required a continuous harmonization
among diverse stakehol dersto ensure consensus on the essential
oncology data elements. Despite encouraging validation
outcomes, several challenges were identified during
development and evaluation. FHIR standard literacy among the
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stakehol derswas one of the key challenges, which wasresolved
through a series of internal workshops on the standard, FHIR
resources, value sets, and use of the IG, and so on. Future
adoption may aso be constrained by limited familiarity with
FHIR standards among health IT implementers. The current
testing remainslimited to simulated datainstances. A real-world
validation using live screening data in the next phase of the
project will provide more insights and strengthen the ODM
conformance. The existing electronic medical records and
registries are not yet FHIR enabled and require bridging
mechanisms for interoperability.

The ODM'’s (athough originally developed for the Meg Can
Care project) use of international standards facilitates its
adoption by implementers globally. National-level adoption can
be beneficial to address the challenges of data collection and
coding [50]. However, such a larger adoption requires
harmonization of these datasets to standardized terminologies.
In addition, national-level adoption requires a live
implementation showcase at the district and state levels, central
endorsement, and inclusion under the ABDM framework for
its scalability and consistent data sharing across screening
programs, hospitals, and registries. The ODM offers a
framework for integrating cancer screening programs, cancer
hospitals, and cancer registries into an interoperable cancer
network. By leveraging FHIR's RESTful APIs, the model can
support efficient data exchange and seamless integration with
health care systems. Future work shall focus on real-world
deployment and model evaluation in multiple districts;
expansion to treatment and survivorship data; and national
adoption to inform cancer policy, research, and precision
oncology efforts. This expansion would offer broader benefits
to researchers and the cancer care community. While similar
modelsexist in regions such asmCODE, aglobally harmonized
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framework could address oncology data requirements across  and advancing cancer research and care worldwide.
diverse hedlth care systems, fostering international collaboration
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