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Abstract

Introduction—In order to further advance research and development on the Clinical Data 

Interchange Standards Consortium (CDISC) Operational Data Model (ODM) standard, the 

existing research must be well understood. This paper presents a methodological review of the 

ODM literature. Specifically, it develops a classification schema to categorize the ODM literature 

according to how the standard has been applied within the clinical research data lifecycle. This 

paper suggests areas for future research and development that address ODM’s limitations and 

capitalize on its strengths to support new trends in clinical research informatics.

Methods—A systematic scan of the following databases was performed: (1) ABI/Inform, (2) 

ACM Digital, (3) AIS eLibrary, (4) Europe Central PubMed, (5) Google Scholar, (5) IEEE Xplore, 

(7) PubMed, and (8) ScienceDirect. A Web of Science citation analysis was also performed. The 

search term used on all databases was “CDISC ODM.” The two primary inclusion criteria were: 

(1) the research must examine the use of ODM as an information system solution component, or 

(2) the research must critically evaluate ODM against a stated solution usage scenario. Out of 

2,686 articles identified, 266 were included in a title level review, resulting in 183 articles. An 

abstract review followed, resulting in 121 remaining articles; and after a full text scan 69 articles 

met the inclusion criteria.

Results—As the demand for interoperability has increased, ODM has shown remarkable 

flexibility and has been extended to cover a broad range of data and metadata requirements that 

reach well beyond ODM’s original use cases. This flexibility has yielded research literature that 

covers a diverse array of topic areas. A classification schema reflecting the use of ODM within the 
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clinical research data lifecycle was created to provide a categorized and consolidated view of the 

ODM literature. The elements of the framework include: (1) EDC (Electronic Data Capture) and 

EHR (Electronic Health Record) infrastructure; (2) planning; (3) data collection; (4) data 

tabulations and analysis; and (5) study archival. The analysis reviews the strengths and limitations 

of ODM as a solution component within each section of the classification schema. This paper also 

identifies opportunities for future ODM research and development, including improved 

mechanisms for semantic alignment with external terminologies, better representation of the 

CDISC standards used end-to-end across the clinical research data lifecycle, improved support for 

real-time data exchange, the use of EHRs for research, and the inclusion of a complete study 

design.

Conclusions—ODM is being used in ways not originally anticipated, and covers a diverse array 

of use cases across the clinical research data lifecycle. ODM has been used as much as a study 

metadata standard as it has for data exchange. A significant portion of the literature addresses 

integrating EHR and clinical research data. The simplicity and readability of ODM has likely 

contributed to its success and broad implementation as a data and metadata standard. Keeping the 

core ODM model focused on the most fundamental use cases, while using extensions to handle 

edge cases, has kept the standard easy for developers to learn and use.
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1.0 Introduction

Clinical research is essential for advancing medicine and improving patient quality of life. 

The expansive scope of clinical research combined with the pervasiveness of technology has 

given rise to increasing volumes of data, and strategies are needed to process and exchange it 

effectively. As clinical trials continue to grow in complexity, systematic mechanisms to 

collect, process, analyze, and integrate data across systems and organizational boundaries 

have become increasingly important. Clinical research can no longer be considered an 

isolated venture and is increasingly conducted in network structures where seamless data 

exchange is critical to operational efficiency and effectiveness. Clinical data standards 

improve the efficiency and quality of clinical research and more broadly of healthcare 

delivery in general.

Within the realm of healthcare informatics there exists a broad array of data standards that 

meet a variety of needs. The Clinical Data Interchange Standards Consortium (CDISC) 

creates data standards for clinical research that complement, and in a growing number of 

cases, interact with a variety of healthcare standards. The CDISC Operational Data Model 
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(ODM) standard is a document and exchange standard created specifically to support the 

needs of clinical research.

The ODM standard [1] plays a key role in clinical research informatics, including areas such 

as data exchange, archival, U.S. Food and Drug Administration (FDA) submission, and 

interoperability with healthcare data. Within the highly data-centric domain of clinical 

research, the XML-based ODM is the standard exchange format for case report form (CRF) 

data and metadata [2]. Interest in ODM as a research topic has grown significantly over the 

last several years with increasing interest in the CDISC data standards from regulatory 

authorities such as the FDA [3, 4] and the Japanese Pharmaceutical and Medical Devices 

Agency (PMDA), as well as from the considerable resources being allocated to healthcare 

data interoperability [5, 6]. The FDA has stated that, “improving the efficiency and 

effectiveness of medical product development is a national priority” [7]. Regulatory 

electronic submissions have grown more complex with the average submission now a 

staggering 3.4 million pages, an increase of 1,423% since 2005 [8]. With this scale, 

inefficiencies in the clinical research data lifecycle add significant time and expense to new 

medical product development. Increasing efficiency requires that the networked 

organizations participating in clinical development exchange data seamlessly. The 2014 

CDISC business case claims that using CDISC standards from the beginning of the process 

can save approximately $180 million per submission [1].

The ODM standard was originally published for review as v0.8 in early 2000, and at that 

time was called the CDISC DAIS (Data Acquisition and Interchange Standard) model. The 

original objective when work started in 1999 was to address the data interchange and study 

archival use cases. Kubick et al. [9] described ODM as established to support the essential 

information needs of electronic data capture (EDC) systems and paper CRF data entry 

systems. Other key requirements included a 21 CFR Part 11 compliant audit trail, and long-

term data archival support [10].

ODM was not originally developed based on an existing clinical research or healthcare data 

model, but instead was designed using a bottom-up approach to meet the established data 

interchange, archival, and audit trail requirements. The initial focus was on a general, vendor 

neutral structure and syntax; industry level data models and semantics were given little 

consideration. For example, an effort was made to align ODM with the Biomedical Research 

Integrated Domain Group (BRIDG) model, but this was long after ODM was originally 

published. In another example, converting openEHR’s Archetype Definition Language 

(ADL) to ODM has been demonstrated [11], but has not been a consideration in ODM’s 

requirements. ODM was designed in relative isolation to meet the needs of the CDISC 

community, and ODM’s relationship to clinical research data models has come from usage 

rather than from an explicit effort to design or generate the XML from an existing model.

The first production version of ODM was published in October 2000 and was demonstrated 

in two Connectathon events in 2001 [12]. The current ODM version, v1.3.2, was published 

in December of 2013. ODM, now based on XML schema, remains under active development 

by the CDISC XML Technologies Team, and while the original ODM requirements remain 

highly relevant, use of the standard has extended well beyond the original design.
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In response to increasing demands for interoperability, ODM has been extended over the 

years to cover a broad range of data and metadata needs [13]. This versatility has yielded 

research literature that reflects a diverse array of topic areas. The base ODM standard itself 

can be used to address a number of use cases, but standardized extensions have also been 

published including: (1) Define-XML for dataset metadata [14], (2) Dataset-XML for 

dataset data [15], (3) SDM-XML for Study Design Model [16], (4) CT-XML for Controlled 

Terminology [17], and (5) Analysis Results Metadata [18] for Define-XML v2. Figure 1 

highlights the CDISC foundational standards covered by ODM, and standardized extensions 

such as Clinical Data Acquisition Standards Harmonization (CDASH) that describes the 

basic data collection fields for domains, the Study Data Tabulation Model (SDTM) that 

describes a standard structure for study data tabulations, and the Analysis Data Model 

(ADaM) that describes metadata models and examples for analysis datasets [1]. In addition 

to the extensions listed above, numerous proprietary extensions have been proposed in the 

research literature or implemented by practitioners. ODM’s useful form hierarchy structure, 

and its use of extensions to expand its applicability across a broad range of use cases has 

increased interest in ODM as a research topic.

In order to further advance research on the ODM standard, the existing research must be 

well understood. This paper presents a systematic review of the ODM literature and uses a 

classification schema to organize and analyze the literature. It serves as a focal point for 

future ODM oriented research. Due to the number and size of the XML examples 

demonstrating ODM’s features and limitations, it was not feasible to include them in this 

paper. Instead, a website has been established as a repository for the example files at http://

www.odm-review.com.

2.0 Material and methods

2.1 Research method

The literature search started with a systematic scan of online academic and conference 

databases in the information systems and healthcare domains performed by the lead author. 

The following databases were searched: (1) ABI/Inform, (2) ACM Digital, (3) AIS eLibrary, 

(4) Europe Central PubMed, (5) Google Scholar, (5) IEEE Xplore, (7) PubMed, and (8) 

ScienceDirect. A backward and forward reference search using Web of Science citation 

analysis for papers that passed screening was also performed with contributions from all 

authors. The search term used on all databases was “CDISC ODM.”

Two primary inclusion criteria were used in the selection of ODM research for examination 

within the proposed framework: (1) the research must examine the use of ODM as an 

information system solution component, or (2) the research must critically evaluate ODM 

against a stated solution usage scenario. Research papers not meeting these criteria were 

excluded from this analysis. Articles not written in the English language were also excluded 

from the search.

Out of 2,686 articles identified, 266 were included in a title level review resulting in 183 

articles. An abstract review followed resulting in 121 remaining articles. After full text 
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scanning of the 121 articles, 69 met the inclusion criteria and were included in the final 

analysis.

After reviewing the articles, a gap was identified in the literature regarding Define-XML, an 

ODM standard widely used in practice, but not well described in the academic literature. To 

address this gap an archive of 26,659 practitioner articles maintained at lexjansen.com was 

searched for “CDISC Define-XML.” Inclusion criteria were added to narrow the relevant 

articles to only those presented in 2013 – 2014 that provided a detailed description of the 

process for creating Define-XML files. Four additional articles were added to the final 

analysis based on this search.

As the articles where selected for inclusion, they were also categorized by the clinical 

research data lifecycle phase(s) addressed by the ODM solutions discussed in the article. 

The authors collaboratively developed this classification schema represented by the process 

diagram shown in Figure 2 and described in the next section. A consensus-based analysis 

process, with input from all authors, was used to review and update a categorized list of 

articles produced by the lead author. Each article included in the final analysis was assigned 

to at least one data lifecycle category, with 26% of the articles addressing multiple 

categories.

2.2 Classification schema created for the methodological review

The purpose of establishing an ODM classification schema was to provide a categorized and 

consolidated view of the ODM research literature. The authors used Figure 1 as the basis for 

the classification schema. They consolidated the ODM use cases described in the literature 

into the different clinical research data lifecycle phases to yield a manageable number of 

categories and expanded Figure 1 to include the missing phases shown in Figure 2: EDC and 

EHR infrastructure, and study archival.

Each phase in the clinical research data lifecycle shown in Figure 2 represents a category in 

the classification schema. The categories of the proposed classification schema reflect the 

diverse array of use cases found in the ODM literature. A brief description of each of the 

five clinical research data lifecycle categories follows. Subsequent sections expand upon the 

applications of ODM in these five categories with details from the referenced literature.

The EDC and EHR Infrastructure phase of the lifecycle focuses on setting up the EDC 

data collection system and the EHR integration infrastructure to support future clinical 

research studies. This phase occurs once, and the infrastructure may be reused across 

multiple studies. After the EDC and EHR integration infrastructure has been setup, each of 

the remaining phases is executed for each clinical research study executed. The Planning 
phase covers creating a study protocol and representing it in a machine-readable format, 

formulating a study design, submitting a study to clinical trial registries (such as 

ClinicalTrials.gov), setting up a study within an EDC or other clinical data management 

system (CDMS), creating CRFs, defining a study schedule of events, and importing CRFs 

from form libraries. The Data Collection phase of the lifecycle focuses on the data 

collection and interchange that occurs during study execution and represents an original 

ODM use case [19]. The Data Tabulations and Analysis phase in the lifecycle combines 
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the third and fourth phases shown in Figure 1 and focuses on the generation of datasets in 

support of standardized tabulations, analysis datasets, reporting and regulatory submissions. 

Study Archival is the final phase of the data lifecycle and focuses on archiving the study 

data and metadata such that it complies with the federal regulations [10]. It represents 

another original ODM use case [19].

3.0 Results

3.1 EDC and EHR infrastructure

3.1.1 ODM usage in EDC and EHR infrastructure—Though not an original ODM use 

case, the ODM literature in EDC and EHR infrastructure [1, 2, 20–44] identifies a surprising 

number of projects using ODM as a means of integrating Electronic Health Record (EHR) 

systems with clinical research systems [25]. Single Source, or collecting data once 

electronically with multiple uses in healthcare and clinical research, uses ODM to reduce the 

data capture burden at the investigator sites by bridging HL7 CDA and the EDC system [26, 

27]. In Single Source, clinical care data flows into the EHR database, while the clinical trial 

data is sent to an EDC system in a parallel data flow [26] eliminating redundant data entry, 

reducing source data verification, and making the data available in a more timely fashion 

[28, 29].

The Single Source proof-of-concept Starbrite study conducted at the Duke Clinical Research 

Institute [27, 28, 30] captured data via the HL7 CDA, provided automated integration with 

ODM, and showed nearly a 75% overlap between the two. Others, such as El Fadly et al. 

[31] found that the overlap was only 30–50%, and in El Fadly et al. [32] it was only 13.4%. 

Interoperability between HL7 CDA and ODM has also been demonstrated by [32–36] and 

has been particularly effective for lab, demographic, medication, and vital signs data.

The x4T (exchange for Trials) system discussed in [37–39] is another Single Source 

implementation. The use of the x4T as a mediator between ODM and the EHR data reduced 

documentation time by 70% while increasing completed mandatory data elements from 82% 

to 100% [39]. The “Extraction and Investigator Verification” scenario identified in the 

Electronic Source Data Interchange (eSDI) document [29] inspired the x4T architecture [39] 

that is based on technologies such as the eXist XML database, XQuery, XForms, and ODM. 

Integrating x4T into routine patient care has improved data quality, as well as the data 

collection and documentation workflow [39].

The CDISC Healthcare Link Initiative, in conjunction with IHE QRPH (Integrating the 

Health Enterprise Quality, Research and Public Health) has produced the Retrieve Form for 

Data-capture (RFD) integration profile as a means of integrating EHR and clinical research 

data. When used with ODM, RFD establishes an automated method to capture form-based 

EHR data for secondary uses including clinical research, disease registries, and safety 

reporting [40]. RFD pre-populates ODM-based CDASH [24] CRFs with data extracted from 

an EHR system in HL7 CCD format [35]. This approach supports eSource by saving both 

the HL7 CCD and ODM XML to a regulatory compliant archive.
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The RE-USE project used ODM metadata templates to support data interchange between 

HL7-based EHR data and clinical research data [32, 41] using a CDA/ODM mediator [31]. 

RE-USE included the use of an ODM metadata message to create the CRF in the EHR, and 

the use of an ODM data message created using the ODM mediator to exchange data [31]. In 

RE-USE ODM supported the use of healthcare terminologies such as SNOMED-CT [42], as 

well as binding data elements to concepts such as SNOMED 3.5 VF [32]. Combining ODM 

and HL7 using a semantic interoperability framework has enabled data interchange between 

EHR and EDC systems [23, 32, 35].

The SALUS (Scalable, Standard based Interoperability Framework for Sustainable Proactive 

Post Market Safety Studies) project addresses the lack of unified “models of use” in 

healthcare and clinical research by creating a common “model of meaning”. SALUS has 

developed a large knowledge base containing 4.7 million triples representing BRIDG, ODM, 

HL7 CDA, the CDISC content standards, and the relevant terminologies [21]. SALUS uses 

this knowledge base as the foundation of a semantic framework for achieving 

interoperability between clinical research systems using ODM, and EHR systems using HL7 

CDA.

A large medical forms library chose ODM as its standard for representing form metadata 

[33]. This ODM-based medical forms repository used the BRIDG model to harmonize data 

elements to facilitate integration with HL7 CDA documents [33].

3.1.2 ODM enhancement opportunities identified in the literature for EDC and 
EHR Infrastructure—While ODM has been used to successfully integrate clinical 

research systems with EHR-based HL7 CDA and other medical record data formats in a 

limited number of cases [42], most note that their research projects used manual mapping to 

accomplish interoperability at the syntactic level [25, 27, 34]. Kush et al. [27] state that a 

general, reusable mapping between ODM and CDA would have been challenging in their 

project as each of the standards approaches semantics differently.

The lack of a common underlying reference model between routine healthcare and clinical 

research makes achieving semantic interoperability difficult [34, 35]. Semantic 
interoperabilityenables a clinical observation to be represented using different information 
models while maintaining the same meaning. Information models for representing clinical 

observations include HL7 Reference Information Model (RIM), CEN/ISO 13606, and 

BRIDG [22, 35]. CDISC standards like ODM and SDTM also represent clinical data 

models.

In addition to semantic differences, structural differences between standards can also impede 

interoperability. For example, ODM forms support 3 levels of depth, while HL7 CDA’s 

nested observations can be unlimited in number. This disparity is at least partially a 
reflection of the difference between protocol-driven clinical research and the event-driven 
healthcare domain.

Clinical research and healthcare lack a common set of terminologies making ODM/EHR 

integration challenging as similar data items may have values expressed using different 
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vocabularies [34, 45]. HL7 CDA and ODM also represent controlled terminologies 

differently. The HL7 CDA standard uses the HL7 RIM to provide an external semantics 

source [27]. ODM tends to define its own codes without explicitly accounting for semantics 

[27, 45, 46].

3.2 Planning

3.2.1 ODM usage in planning—The ODM literature on planning activities covers a 

broad range of topics [2, 11, 13, 20–23, 45, 47–68]. The SDM-XML study design ODM 

extension, covering a portion of the protocol requirements, is currently available for use 

[16]. Despite being limited in scope, SDM-XML has been successfully applied in a number 

of projects. Aerts [47] showed how SDM-XML could be used to generate a caBIG Patient 

Study Calendar. Nepochatov [48] used study design metadata combined with core ODM 

metadata to generate study setups that included not only CRFs, but also a study calendar for 

each subject. ODM extended with SDM-XML was used by the IMI (Europe’s Innovative 

Medicines Initiative) EHR4CR project to support the patient recruitment process [20]. The 

SALUS project [21] used SDM-XML annotated with CDASH variables to demonstrate the 

automatic completion of research CRFs with EHR data.

Willoughby et al. [49] stated that registrations can be submitted to the World Health 

Organization (WHO) registry, International Clinical Trial Registry Platform (ICTRP), using 

an ODM extension [48]. Huser and Cimino [51] mapped the ClinicalTrials.gov schema to 

ODM and implemented an extension to address the gaps. In 2015, a draft ODM-based CTR-

XML standard was published to represent information for submissions to clinical trial 

registries, such as ClinicalTrials.gov, EUDRACT, or WHO ICTRP [1].

In addition to representing elements of protocol, ODM metadata transformations can be used 

to generate CRFs, setup EDC systems, configure decision support systems, and drive 

integration with other clinical systems as described in [2, 45, 52–56]. ODM’s expressive 

metadata language makes it the language of choice for describing CRF content [52]. The 

CDISC CDASH standard [24] CRF content has been published in ODM, and can be 

exported from the CDISC SHARE metadata repository [69] as ODM.

Some clinical data software depends completely on ODM metadata for study setup and 

maintenance [2, 53]. Kuchinke et al. [58] demonstrated the transfer of a complete clinical 

study designed in a system at one research center, exported as an ODM file, and imported by 

a different system at a different research center without using any additional software tools. 

In addition to the basic CRF elements, ODM includes partial support for cross-element 

validation and derivations [59]. ODM’s vendor extension mechanism provides the means to 

add support for proprietary study setup and data collection features [52].

ODM’s ability to represent a broad range of CRF types was demonstrated in Bruland et al. 

[60] where all Clinical Data Elements (CDEs), including their semantic concepts, from 

3,012 forms in the National Cancer Institute’s (NCI) Cancer Data Standards Registry and 

Repository were effectively mapped to ODM. The semantic concepts were captured using 

ODM Alias elements [60]. ODM semantic alignment is often achieved by using the Alias 
Name attribute to contain the code, and the Context attribute to contain the name of the code 
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system [14, 61, 62], but in other cases implementers might choose to use a proprietary 

extension that more explicitly represents specific semantic annotations [11, 17, 22].

ODM is capable of supporting the requirements of a CDE repository model by adding the 

necessary features using vendor extensions [45]. Eli Lilly and Company demonstrated the 

use of ODM as a repository [63]. Dugas and Briel [64] use ODM for a large EHR and 

clinical research data model repository consisting of 3,320 medical forms with 102,677 data 

elements [23, 62, 64]. ODM has also been shown to align with the ISO 11179 metadata 

registry standard, with the exception of a standard representation for ISO 11179’s Data 

Element Concept (DEC) [13].

3.2.2 ODM enhancement opportunities identified in the literature for planning
—The main limitation restricting the use of ODM to support protocol has been the lack of a 

complete implementation model, despite the availability of the BRIDG-based PRM 

(Protocol Representation Model) content model published in 2010 [49, 70]. The draft CTR-

XML trial registries standard will expand ODM’s ability to represent study level elements 

including the WHO 20-item minimum dataset [71].

As previously described, ODM has made broad use of the Alias element to capture semantic 

information, but ODM lacks a formal mechanism for capturing semantics. ODM does not 

specify the use of specific clinical items such as CDASH, nor does it provide a specific 

mechanism for pointing to the source of a particular CDE. Instead, ODM provides a 

hierarchical container for defining clinical data items according to the needs of a given study 

[65], as shown in Figure 3. The lack of a source definition for a clinical data item was 

highlighted when the ISO 11179 DECs were found missing from the ODM model [13]. 

Studies that use CDASH CRFs achieve semantic alignment through a shared data standard, 

rather than through specific semantics [66]. ODM does not provide a mechanism for 

capturing the logical relationships between data elements used on different CRFs [66, 67]. 

Again, Alias can be used to address this shortcoming, but Alias currently relies on a 

common naming strategy to be effective.

By design, ODM does not include the presentation metadata needed to direct the visual 

rendering of CRFs [52]. Vendor extensions can be used to add the needed presentation 

metadata in ODM, but creating a single, standard extension to support a diverse set of 

clinical research software systems would be challenging [52]. This lack of metadata to 

describe the visual representation of CRF data fields can significantly alter a user’s 

experience with a CRF that is created in one system and then transferred for use in another 

[58]. ODM also lacks the metadata to represent the content ownership and context of use 

metadata as is found in copyrighted data collection instruments [45].

ODM supports multi-language CRFs, but simply applying xml:lang, a standard XML 

attribute for identifying language, to all ODM elements, instead of using the ODM specific 

TranslatedText within just five elements, broadens ODM’s multi-language support while 

eliminating an unnecessary level in the XML hierarchy [59].
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De Melo et al. [52] cite a number of technically related ODM shortcomings, including a lack 

of support for arrays, that could be beneficial for capturing the value of repeating data 

elements. The ODM form hierarchy only supports two levels, Items within ItemGroups, as 

shown in Figure 3, but repeating data element CRF processing requirements could demand 

at least one additional layer in the hierarchy [52]. ODM also lacks a standard language to 

express computations and validations in the ConditionDef and MethodDef elements [45, 

72].

3.3 Data collection

3.3.1 ODM usage in data collection—Data interchange, a key process in the data 

collection phase, is an original ODM use case, was the focus of ODM v1.0, and has been 

covered broadly in the literature [2, 13, 26, 35, 43, 45, 46, 52, 53, 57, 58, 60, 62–64, 73–85]. 

ODM’s basic hierarchical structure is particularly well suited for data capture [84]. In 

addition to its maturity, other noted ODM strengths include its relative simplicity and 

adaptability afforded by its vendor extension mechanism. Generating ODM exports to 

support data interchange is reasonably straightforward [83]. A large number of clinical 

research software vendors support the ODM-based exchange of clinical study data and 

metadata [2, 46, 58, 75]. ODM has also been used to support forms outside of clinical 

research, as was demonstrated by the ODM-based exchange of forensic autopsy data [57]. 

Most systems that support ODM data interchange do so via a file export and import 

mechanism [58, 76, 86], but some use a more modern ODM-based web services approach 

[53, 77, 78]. As a data interchange standard, ODM has demonstrated its usefulness as both a 

document and a message format. As the use of ODM to exchange data, data and metadata, 

or metadata alone has grown, the need for tools that validate ODM content, such as the 

ODM Checker [58], has increased in importance.

ODM has been used as the basis for data transformation systems in support of data 

integration. In Dugas and Dugas-Breit [62], ODM was the basis for an automated 

transformation tool to convert study data models into different formats including office 

documents, and statistical datasets. In this case, using semantically annotated ODM helped 

drive automated transformations while preserving the original semantics. The open-source 

compareODM tool in Dugas et al. [81] compared semantically enriched ODM forms and 

was able to automatically derive the differences between two versions of a form including 

identical, matching, or similar data items [43]. ODM has been used to integrate clinical 

research data into the i2b2 (Informatics for Integrating Biology and the Bedside) data model 

including both ontology and fact data [26, 46]. Leroux and Lefort [82] used ODM to drive 

the creation of RDF data cubes from longitudinal study data.

The base ODM standard has also been considered for use as a submission standard. In 2007 

the FDA announced a pilot to test electronic CRF submissions in ODM instead of the 

currently required PDF format [87]. The FDA commented that PDF CRFs did not meet their 

needs, and that a suitable replacement would provide access to the CRF data, metadata, and 

audit trail [87]. That pilot was put on hold prior to completion.
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3.3.2 ODM enhancement opportunities identified in the literature for data 
collection—ODM’s relative simplicity has at times also been a limiting factor impacting 

all aspects of interoperability including data mapping, representing semantics, data types, 

and terminology support. The ODM hierarchical structure, based on the elements shown in 

Figure 3, most clearly expresses CRF-oriented data [82, 84], and in the cases of the Define-

XML and Dataset-XML, extensions have been used to represent tabular datasets [14, 15].

Despite its usefulness as an interchange standard, ODM provides limited support for data 

mapping information due to the lack of semantics associated with the data elements [45]. 

The use of the CDASH standard [24] CRF data elements in ODM format helps by providing 

standard naming conventions, and ultimately BRIDG [88] was intended to provide the 

missing semantics. However, applications using BRIDG to support data interchange 

semantics have been limited, and BRIDG does not include the bindings to controlled 

terminologies [85].

ODM does not provide the formal mechanisms needed to capture the semantics necessary 

for automated interchange [35]. As noted previously, Alias can be used to represent 

semantics, but since Alias can contain any content its usefulness in support of automated 

interpretation is limited [60]. Vendor extensions can be developed to represent semantics in 

ODM, but these extensions are not part of the normative ODM standard [2, 52].

3.4 Data tabulations and analysis

3.4.1 ODM usage in data tabulations and analysis—The Define-XML standard is an 

ODM extension that provides metadata to describe tabular datasets that, when used within 

the context of the CDISC content standards, typically describes all the SDTM, ADaM, or 

SEND datasets for a study [9, 89–93]. Define-XML plays a key role in establishing 

traceability in regulatory submission datasets [94]. The FDA added Define-XML to its Study 

Data Specifications in March of 2005 [3, 9], and in December 2016 it will become a 

requirement for submissions to the FDA [3, 14]. The FDA requirement to use the relatively 

archaic SAS V5 XPORT format for submission data has necessitated that the metadata be 

provided in a separate document [9]. To support the submission process, the ability to 

validate the Define-XML metadata has become increasingly important necessitating the 

development of validation rules and the tools that apply them, such as OpenCDISC [95] or 

the CDISC Define.xml Checker [96]. Kubick et al. [9] also note that the type of rich 

metadata provided in Define-XML is necessary for supporting integrated clinical research 

data repositories.

As a metadata standard, Define-XML can be used to support process automation much like 

the ODM metadata has been used to generate CRFs and aid in study setup. However, in 

practice it is often generated post-hoc to satisfy the needs of a submission. A more modern 

approach is to create the Define-XML metadata before the datasets are created and use it as 

a specification that drives the creation of study datasets. Maddox [90, 91] describes how 

sponsors create Define-XML files as a specification for the service providers that will 

produce the SDTM submission [89–92].
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Dataset-XML is a new CDISC standard that represents tabular datasets in an ODM-based 

format and provides an alternative to the SAS V5 XPORT format. Despite being a new 

standard, the FDA has elected to pilot Dataset-XML as a possible alternative for submissions 

[4]. Dataset-XML provides a truly vendor neutral dataset exchange format without the 

limitations inherent in the older SAS V5 XPORT format.

3.4.2 ODM enhancement opportunities identified in the literature for data 
tabulations and analysis—Kubick, Ruberg, et al. [9] note that Define-XML, though a 

significant improvement over define.pdf, still maintains an unnatural separation of metadata 

and data for clinical study datasets. The availability of Dataset-XML to complement Define-

XML provides opportunities to further advance the available tools and subsequently improve 

reviewer productivity [9, 15].

3.5 Study archival

3.5.1 ODM usage in study archival—The lifespan of regulated clinical trial data can 

extend to 50 years, and requires audit trails and investigator signatures. Archival in a 

proprietary format demanded that the data collection software and its operating environment, 

which often included the hardware, be archived to provide a validated platform to work with 

the data. ODM provides a non-proprietary means to archive data that meets the US federal 

regulations, and does not require the archival of proprietary software to support the use of 

the data [74, 97].

As an XML standard, ODM is well suited as a long-term archival solution that maintains the 

integrity of the data and metadata as captured from the original systems in a system-neutral, 

open format. ODM maintains the clinical data collected for a study, a full audit trail, 

electronic signatures, and the basic information needed for 21 CFR Part 11 and good clinical 

practice compliance [10, 73]. Kuchinke, Aerts, et al. [97] describe ODM as a structure that 

organizes the archived metadata and data together into a hierarchy based on the “CRF 

metaphor”. An increasing number of EDC systems directly export to ODM facilitating its 

use for archival [86].

3.5.2 ODM enhancement opportunities identified in the literature for study 
archival—While ODM provides the means to function as an archive for the study data and 

metadata, this represents one component of a complete study archive that would include 

other artifacts such as the study master file [97]. As noted previously, since ODM does not 

maintain presentation metadata it must be maintained in an extension, style sheet, or some 

other application capable of visually rendering the CRFs. File size has also been noted as an 

issue in ODM archives with file sizes ranging up to 2 GB per study [97].

Kuchinke, Aerts, et al. [97] note that using ODM as the source document archive to permit 

the destruction of the original paper data requires a legally compliant electronic signature. 

The ODM standard does not specify the level at which signatures should be created, and 

legally valid electronic signatures can be challenging to administer and maintain [97].
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4.0 Discussion

Originally, ODM was collaboratively developed by a small CDISC team to meet the specific 

needs of clinical research data collection and management systems. From a data modeling 

perspective, ODM covered the fundamental elements of form-based data to meet the needs 

of regulated clinical research. ODM usage has expanded to cover new phases of the clinical 

research lifecycle, and now covers tabular data models in addition to the original hierarchical 

form-based model. As a standard authored by clinical research and XML experts, ODM has 

maintained an ease of understanding and use that has eluded XML standards generated from 

models, such as those generated using the HL7 RIM. The HL7 RIM put the needs of 

modelers ahead of the needs of implementers [98] making HL7 v3 difficult to implement, 

while ODM focused more directly on the needs of implementers. The ODM form-based 

model represents CRF data elements in a relatively simple manner, and limits the use of 

modeling abstractions favored by many of the healthcare information models, such as the 

HL7 RIM or BRIDG. ODM has itself been used as a model by software implementers 

creating solutions for clinical research. ODM has more in common with the relatively new 

HL7 Fast Healthcare Interoperability Resources (FHIR) standard, as the two share a number 

of design principles such as making use of extensions for edge cases and human readability.

4.1 Categorizing the literature by clinical research data lifecycle phase

The ODM literature reference counts by lifecycle phase for articles that met the inclusion 

criteria for this paper are shown in Table 1.

A total of 85 literature articles address the initial 3 phases of the clinical research data 

lifecycle, while only 8 articles address the last 2 phases. Table 2 and Table 3 in the Appendix 

provide a succinct synopsis of the most salient points identified for each lifecycle phase. The 

literature provides more coverage for study metadata than for clinical data. Almost no 

academic articles cover Define-XML, despite the fact that it is the most widely used ODM-

based standard due to its position as a component of FDA regulatory submissions [3, 14]. 

The disparity between practitioner use and academic research may stem from the fact that 

academic institutions rarely pursue drug commercialization directly, but typically partner 

with bio-pharmaceutical companies to manage that phase of drug development when 

applicable. Many academic research projects are limited to a single site or integrated 

delivery network and therefore have had no need to transfer data between sites or to a 

regulator. This is rapidly changing with new data sharing perspectives and requirements 

[99].

4.2 Recommendations for future research and development

The recommendations for future ODM research and development were developed from (1) 

gaps in the literature, (2) ODM enhancement opportunities identified in the literature and, 

(3) new clinical research trends. These recommendations will be provided as inputs into a 

formal requirements analysis for the next version of ODM planned by the CDISC XML 

Technologies team to begin in 2016. All authors provided input into the recommendations, 

and an informal consensus process was used to determine the following list.
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1. Add support for RESTful web services—In current practice clinical research data 

transfers predominantly occur in periodic batches, often times by sending the data for a full 

study in each exchange. Although the web-services based CDISC SHARE API returns 

ODM-based content and some vendors have implemented ODM-based web services [100], 

ODM lacks explicit support for modern exchange mechanisms like RESTful web services. 

The ODM specification does not include the means to automatically retrieve information 

using web services, as is the case in HL7 FHIR [101]. Leroux et al. [102] made a 

comparison and mapping between HL7 FHIR and CDISC ODM with the goal of achieving 

semantic interoperability between clinical research and healthcare. They present an approach 

to integrating ODM with FHIR leading to a mapping of hierarchical ODM ClinicalData 
elements to a set of FHIR resources [102]. Adding RESTful web services support to ODM 

and specifying a standardized web services API for the incremental exchange of ODM 

content would advance the state of practice today. Future ODM research and development 

would benefit by an examination of the HL7 FHIR approach to supporting RESTful 

interfaces, document-oriented aggregation, and semantic interoperability [98, 102].

2. Extend ODM to enable full lifecycle data traceability—Data fitness is 

fundamental to FDA submissions, and validation rules for the CDISC standards continue to 

grow in their importance as a key to applying the standards effectively [94]. As the use of 

validation has grown for FDA submissions, validating CDISC datasets has also grown into a 

common practice for Contract Research Organizations performing data services for 

sponsoring organizations. Inquiries into data quality within the context of ODM-based 

standards and the optimal means of ensuring quality, both before and during the validation 

step, would benefit the clinical research community. The FDA has identified a lack of 

traceability as one of the top 7 data standards issues [103]. Today no tools exist capable of 

tracing a data element from the protocol through to the clinical study report tables, listings, 

and figures [104]. No query capability exists to easily assess traceability within the context 

of the CDISC standards. Given ODM’s role in representing study metadata, machine-

readable traceability represents another opportunity for further development of ODM-based 

standards [94].

3. Extend and evaluate ODM as an end-to-end standard representing all 
phases of the clinical research data lifecycle—ODM has a cogent, stable underlying 

data model that, through extensions, has also proven quite versatile [13] with regard to its 

ability to represent study setup and CRF metadata. New Protocol-XML and CTR-XML 

extensions will broaden the existing lifecycle coverage provided by extensions, including 

Define-XML, Dataset-XML, SDM-XML, and CT-XML. This list of extensions represents 

an increasingly comprehensive set of metadata that supports the automated generation of a 

growing number of study artifacts. Research highlighting ODM’s use in an end-to-end 

context from protocol through submission, where each state in the data lifecycle has an 

explicit relationship to the next, could help identify gaps or innovations that would improve 

its effectiveness to support clinical research process automation.

Study data archival is a strength of ODM and when linked to SDTM datasets, ADaM 

datasets, and EHRs it can become part of an end-to-end archive. Define-XML and Dataset-
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XML could aid in the archival of datasets, making it possible to archive the study datasets 

along with the ODM-based CRF data. New Protocol-XML and CTR-XML extensions will 

further extend the types of information that ODM can archive. The archival of study data is a 

time consuming and expensive proposition. Research into extensions that enhance ODM’s 

ability to function as an end-to-end data archive that captures a broader set of study artifacts 

would make a useful addition to the knowledge base.

Several efforts are underway to progress the development of a standardized protocol [105]. 

These efforts will form the foundation of a Protocol-XML standard scheduled to begin 

development in late 2016. A project to enhance CTR-XML to include study results is also 

planned to commence in late 2016. As these standards are released, an academic 

examination of their relative strengths and weaknesses could expedite their maturation. With 

the availability of a Protocol-XML standard, research into the tools and techniques for 

building studies based on a structured protocol would improve the quality and efficiency of 

the clinical research data lifecycle.

4. Extend ODM’s ability to represent semantics in a standardized way—Despite 

the fact that the use of semantically annotated ODM was a clear trend in the research 

literature, scalable semantic interoperability within healthcare and clinical research remains 

an unsolved problem [61]. The need to provide a standardized way to link to external code 

systems that does not rely on naming conventions was mentioned by a number of articles 

[23, 32, 60, 61]. ODM and healthcare standards like HL7 CDA provide the means to develop 

structural and syntactic alignment, but comparing or integrating data elements across 

different standards models requires the addition of semantics provided by external code 

systems [61]. Currently, the semantics used by most EHR and EDC systems are localized to 

the specific system [32]. Future research recommending an optimal approach to coding 

ODM data elements and CodeListItems using external code systems, such that the semantics 

are interpretable by software within a stated context, will accelerate the Healthcare Link 

agenda [33, 60, 61].

5. Extend ODM to more completely represent MDR metadata—ODM-based 

standards will play an increasing role in clinical research metadata repositories (MDR), and 

several research articles have highlighted the use of ODM in MDRs, including its alignment 

with ISO 11179 [13, 60]. As the number and use of MDRs grows, there will be opportunities 

to extend ODM to include the additional metadata needed to better support metadata 

libraries as demonstrated by the Eli Lilly ODM library [63]. The CDISC SHARE MDR [69] 

currently exports CDASH metadata in ODM and SDTM, ADaM, and SEND metadata in 

Define-XML. However, new ODM features are required to represent the additional metadata 

managed by the MDR, such as identifying the relationships between CDASH and SDTM 

variables, the CDASH prompt, CRF completion instructions, CDASH and SDTM core, and 

the CDISC notes. ODM would benefit from research that explores the additional metadata 

features needed to expand ODM’s role as a standard for representing metadata library 

content.

6. Examine the use of ODM in the submission context to complement Define-
XML—Research exists on the automated analysis of CRFs [43, 81], but none have analyzed 
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the CRF from a regulatory perspective. The benefits proposed in the 2007 FDA pilot [87] 

could be explored. For example, examining mechanisms for analyzing the ODM audit trail 

for fraud detection would be highly relevant. An analysis of how end-to-end traceability 

could be enhanced using ODM CRFs together with Define-XML would improve the case for 

submitting CRF data as ODM.

7. Examine the use of Define-XML to drive automation—Define-XML’s broad use 

by industry has been driven by the FDA’s requirement that “a properly functioning 

define.xml file is an important part of the submission of standardized electronic datasets and 

should not be considered optional” [106]. Define-XML can be used to specify metadata in 

support of the automated generation of datasets, and it is being used in this manner by the 

FDA’s Janus Clinical Trial Repository. As Define-XML’s role in driving the automation of 

end-to-end data management, data analysis, and aggregation increases, an evaluation of 

Define-XML’s adequacy to support these use cases would help drive future development of 

the standard.

Using Define-XML together with the new Dataset-XML standard creates a number of 

opportunities to enhance how datasets are organized and represented for regulatory 

submission and data interchange [4]. Combining Dataset-XML’s support for tabular data 

structures with ODM’s hierarchical structures could prove useful to capture the growing 

blend of heterogeneous data structures found in a future where a broad array of third party 

devices are used to capture patient data. Dataset-XML was designed to complement Define-

XML, but as a new standard no literature exists analyzing the fitness of Dataset-XML as a 

dataset standard.

8. Create a set of standard validation rules to validate ODM-based standards 
across the clinical research data lifecycle—Now that datasets can be represented 

using an ODM-based extension, opportunities exist to create a standardized language for 

validating Define-XML and Dataset-XML content. A W3C standard language like XQuery 

has been used to process ODM-based content [2], and when combined with the schema and 

schematron rules might provide a standardized, executable language that works across all 

ODM-based standards. Additional research is needed to determine a vendor neutral 

formalism for expressing validation logic for verifying the structure and content of ODM-

based CRFs as well as Dataset-XML datasets. Validation rules have become a prerequisite 

for the use of a standard in a regulatory submission context, and expressing unambiguous 

validation rules that can easily be converted to a computable format would advance the 

acceptance of the standards.

9. Extend ODM to better support data transformations and model-driven 
development—Research contributing to an optimal solution for incorporating data 

mapping metadata into ODM, as noted in [45], would benefit the development of ODM as a 

standard that not only represents data and metadata states within the clinical research data 

lifecycle, but also describes how to transition from state-to-state in support of an end-to-end 

data standard.
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ODM is used as much for study metadata as it is for data: ODM’s flexibility and relative 

simplicity make efficient software based generation of data structures and CRFs possible 

[27]. The feasibility of model-driven architecture (MDA) in clinical research has been 

significantly improved by the availability of XML models like ODM. XML models support 

MDA’s ability to generate useful software applications [54]. De Melo, Nagler-Ihlein [52] 

used ODM metadata in an MDA application to generate user interfaces for mobile devices. 

More research exploring ways to extend ODM to support code generation and other model 

driven approaches to software development could help improve both the productivity and 

quality of automated clinical research data processing.

10. Add support for sharing de-identified data in support of secondary use—
Open science, data sharing, and transparency are topics currently being explored by the 

clinical research community, but so are topics such as patient privacy and informed consent 

compliance. Standards like ODM benefit data sharing and open science because diverse, 

non-standard ways of collecting and representing clinical research data make it overly 

complex to integrate, pool, or share data for secondary analysis [107]. The FDA has stated 

that making de-identified and masked clinical data available for study by external experts 

could aid in the development of innovative new medical products, while also meeting the 

expectations of the patients by maximizing the use of their data [7]. Sharing undecipherable 

data, or data not supported by existing tools, does not advance the cause of openness and 

transparency. Thus, the CDISC standards must support a standard means of de-identifying 

datasets, including the ODM-based standards. Additional research demonstrating how ODM 

can be effectively used and extended in support of secondary use and big data would be of 

keen interest to the academic and practitioner communities. Improved ODM data citation 

support, to include an extension to better support the Dublin Core, would make attribution 

easier and encourage data sharing [108].

5.0 Conclusions

The relative simplicity and human readability of ODM has undoubtedly contributed to its 

success and broad implementation as a data and metadata standard. Maintaining a coherent 

core ODM model that accommodates most use cases, while supporting extensions to handle 

edge cases, has kept the standard easy for developers to learn and use. The selection of 

ODM for use in cases outside of clinical research, such as for representing medical forms or 

exchanging autopsy data, is a testament to the utility of its healthcare forms-oriented design. 

However, updates to ODM are needed both to address limitations as well as to keep it 

relevant as new automation and interoperability opportunities arise in both clinical research 

and healthcare. Based on the applications of ODM described in the literature, the future 

success of ODM may depend on how well it links to: (1) content described by other 

healthcare standards, (2) controlled terminologies, (3) externally defined semantics 

identifying ODM content, and (4) other ODM-based standards representing the different 

phases of the clinical research data lifecycle from protocol through analysis results.
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6.0 Appendix: Summary of Findings

Table 1

Summary of ODM Strengths

Lifecycle Phase Summary of Key ODM Strengths

EDC and EHR 
Infrastructure

ODM’s flexibility and relative simplicity have enabled it to be successfully applied across a 
number of EHR integration and single source projects. The Retrieve Form for Data Capture 
Profile (RFD) is a technical framework available to support EHR and ODM integration. ODM is 
broadly accepted for data collection in clinical research making it the logical target for EHR 
integration. ODM is increasingly listed alongside HL7 CDA as a supported XML format for 
healthcare informatics applications. Several European projects are currently working on EHR 
and EDC integration, including semantic interoperability.

Planning ODM metadata has become the language of choice for describing CRFs, and has been used 
broadly for generating user interfaces. The ability to design a study in one system, export it in 
ODM, and import it into another system has been demonstrated. A study design ODM extension, 
SDM-XML v1.0, is currently available, and a draft CTR-XML clinical trial registry extension 
has been released for public review.

Data Collection The ODM standard is mature, stable, relatively simple to work with, and supported by a broad 
number of data capture software vendors. The ODM model includes the information necessary to 
support the clinical research data collection process, including audit trail and digital signatures. 
Clinical research data web services using ODM have been demonstrated, and ODM has been 
shown to work as a document or a message.

Data Tabulations 
and Analysis

Define-XML supports flexibility in structural representations, and provides a rich set of metadata 
describing the clinical research datasets. Define-XML is broadly used in practice due to its 
position as a required component of a FDA regulatory submission. Dataset-XML is a new 
standard for representing data as tabular datasets, such as SDTM or ADaM, that complements 
the Define-XML metadata.
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Lifecycle Phase Summary of Key ODM Strengths

Study Archival ODM maintains all the clinical data collected for a study together with the study metadata, and 
also contains the full audit trail, including electronic signatures. A significant number of data 
capture and management systems directly export to ODM as an out-of-the-box feature.

Table 2

Summary of ODM Limitations

Lifecycle Phase Summary of Key ODM Limitations

EDC and EHR 
Infrastructure

Most of the health IT integration successes have accomplished interoperability at the syntactic 
level. As long as the mapping needed for interoperability between healthcare and clinical 
research remains a manual process, this will prevent the large scale adoption of the ODM/CDA 
integration. Integration between terminologies is particularly challenging since HL7 uses 
terminologies differently than ODM. Integrating semantics typically relies on ODM’s Alias 
element which relies on a common naming strategy rather than a more formal mechanism.

Planning By design, ODM does not include presentation information. ODM does not include a standard 
language for expressing computation and validation logic, including regular expression support. 
The main limitation restricting the use of ODM support for protocol has been the lack of a 
completed content model.

Data Collection A standardized approach to using ODM with web services has not emerged. ODM does not 
include the metadata to capture the semantics or mapping information needed to facilitate 
computable semantic interoperability with other systems.

Data Tabulations 
and Analysis

Define-XML, though a significant improvement over define.pdf, still maintains an unnatural 
separation of metadata and data for clinical study datasets. Minimal academic research has 
investigated Define-XML despite its importance to practitioners.

Study Archival ODM is not a comprehensive study archive that represents or provides links to the study 
documentation that must be archived in addition to the study data. Since ODM does not 
maintain presentation oriented metadata a style sheet or some other mechanism for recreating 
the visual aspects of the clinical data system must be maintained. File size has sometimes been 
noted as an issue with XML and ODM archives.
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Highlights

• ODM is used in study design, setup, execution, analysis, submissions, and 

archival

• Much of ODM the literature addresses integrating EHR and clinical research 

data

• ODM has been used as much as a study metadata standard as it has for data 

exchange

• ODM’s simplicity and readability have contributed to its success

• Future ODM success may depend on improved links to external standards and 

semantics
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Figure 1. 
ODM-based standards supporting the CDISC foundational standards content
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Figure 2. 
Phases in the clinical research data lifecycle used by the ODM classification schema
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Figure 3. 
ODM metadata (left) and data hierarchies
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