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The xCures platform aggregates, organizes, structures, 
and normalizes clinical EMR data across care sites, utiliz-
ing advanced technologies for near real-time access. The 
platform generates data in a format to support clinical care, 
accelerate research, and promote artificial intelligence/
machine learning algorithm development, highlighted by a 
clinical decision support algorithm for precision oncology.

Introduction 

Artificial intelligence (AI), which includes natural lan-
guage processing (NLP) and large language models 

(LLM) as well as machine learning (ML), is increasingly being 
applied to electronic medical records (EMR) to enhance 
health care delivery and research. These technologies facili-
tate the querying, understanding, and extraction of informa-
tion from EMRs, which is often unstructured and voluminous. 

AI-based methods, including ML classifiers that auto-
matically categorize data, have been effectively applied to 
query EMR, demonstrating high diagnostic accuracy across 
multiple organ systems [1]. NLP, particularly when com-
bined with ML and deep learning, can be used to automati-
cally analyze medical documents, extracting information 
and classifying it into predefined categories [2]. This can 
improve health care delivery by aiding clinicians in find-
ing relevant information or gaining insights from medical 
reports and clinical research forms.

Named entity recognition (NER) models, such as 
ClinSpacy and MedSpacy, have been developed for clinical 
NLP to identify and extract specific medical concepts such 
as drug names and dosages from clinic notes, which is cru-
cial for converting unstructured data into a structured for-
mat for downstream analysis [3]. Similarly, ML techniques 
have been applied to extract real-world data variables from 
unstructured EMR, such as information on cancer diagno-
ses and treatments, which can be used for evidence genera-
tion in oncology [4]. 

EMRs contain valuable medical information but are often 

difficult for computers to understand due to jargon and 
abbreviations. Since Google’s release of the Transformer 
architecture, LLMs have entered mainstream use [5]. 
Following the public release of the LLM known as GPT-3, 
many organizations have generated models based on simi-
lar architecture to create bespoke LLMs trained on health 
care data to extract and interpret EMR, enabling more per-
sonalized clinical recommendations [6–7]. 

To make AI/ML solutions useful in health care and ful-
fill their promise of improving patient care, easing clini-
cian workloads, and accelerating clinical research, several 
challenges remain [8]. First, there is a shortage of avail-
able EMR training data, due to data privacy and security 
concerns. Second, there are complex issues with training 
models to understand the mix of structured and unstruc-
tured data in the records. Third, there is great diversity in 
the data models underlying EMR systems. Finally, the cost 
of training a custom LLM means that hospitals and health 
systems should generally not attempt to create their own. 
Thus, a general purpose clinical LLM that could integrate 
with all or most existing health care IT is yet to be realized. 
Here, we describe a decentralized precision oncology plat-
form for gathering, organizing, structuring, and standardiz-
ing longitudinal clinical data directly from EMRs for use in 
downstream AI and ML applications.

Methods
xCures Platform for Medical Record Aggregation and Data 
Structuring

The xCures platform (summarized in Figure 1) provides 
an infrastructure that allows for near real-time clinical data 
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aggregation, structuring, and outcomes tracking across sites 
of care. The platform operates entirely in HIPAA-compliant 
cloud infrastructure, relieving burden on local servers at 
institutions. The platform is available to cancer patients and 
their providers at health care institutions to support clinical 
decision-making, such as second opinions and molecular 
tumor boards (groups of experts with different special-
ties who meet to discuss patient treatment options). The 
collected data are utilized in an institutional review board 
(IRB)-approved registry (XCELSIOR: NCT03793088) that 
includes development of AI/ML tools to improve the col-
lection of data for use in research, including development 
of AI systems.

The xCures platform utilizes four technological innova-
tions to permit rapid, near real-time access to comprehen-
sive structured clinical data from all sites of care:

1.	 Connectivity with local, state, and national health 
information networks. Within 15 minutes, the plat-
form can gather (or refresh) raw exports from a wide 
array of EMR systems (e.g., EPIC, CERNER, OncoEMR) 
in Consolidated Clinical Document Architecture 
(C-CDA) and standardize that data across EMR 
data models into a standardized Fast Healthcare 
Interoperability Resources (FHIR) format. This pro-
cess includes conversion of scanned PDFs and image 
files (JPEG, TIFF, etc.) through optical character recog-
nition (OCR) and natural language processing.

2.	 An OCR and document classification algorithm helps 
to classify and organize each page of PDF (or other 
image) files in the medical records received.

3.	 An NER pipeline helps to identify clinical concepts 
and their synonyms in the raw text of every medical 
document and has the ability to search for these terms 
across medical records within the platform.

4.	 NLP, ML, and LLM algorithms then auto-structure 
data elements from text including clinically impor-
tant features such as cancer stage/grade, histology/
morphology, tumor body location, medications, pro-
cedures, patient race/ethnicity, performance scores 
(KPS/ ECOG), and next-generation sequencing 
(NGS) results from commercial labs (e.g., Foundation 
Medicine, Caris, Tempus, Guardant).

The result is a platform with more complete patient 
data than is found in any one EMR with information eas-
ily searchable and sortable after conversion into a common 
data model.  This makes it easy for clinicians to understand 
the full treatment history, medical history, pathology and 
“omics” data (generated from technology used to study the 
genome, transcriptome, metabolome, and other “omes” 
of an organism), labs, vitals, imaging results, and other 
information. This is foundational and enables generation 
of graphical or timeline views, such as a Gantt chart-style 
patient journey that can rapidly convey key information for 
more efficient clinical decisions.

The platform allows medical records to be sent directly 
via fax, through connections with laboratories, and via 
patient-directed approaches such as file uploads or shar-
ing from patient portals. The platform accepts medical 
data in many different formats, ranging from structured 
electronic formats such as FHIR and C-CDA to electronic 
PDFs, to uploaded images and other text documents that 
are processed via OCR and classified by document type. 
The platform can integrate data into a single system from 
multiple EMRs that typically exist at large practices (cancer 
center, inpatient hospital, outpatient clinic, infusion clinics, 
pharmacies, etc.) in ways that often do not exist in medical 
practice.

All medical records are digitized and housed on cloud 
systems suitable for data abstraction and queries of free 
text or raw terms across all patients in the database. This 
facilitates algorithm development by institutional data 
scientists.

Clinical Data Standardization and Data Annotation for 
Downstream Applications

Data are auto-structured to a FHIR R4 data model and 
coded to OMOP-based ontologies, and molecular bio-
markers and genomic findings are standardized. Each 
data element is coded and standardized as part of the 
data extraction process. Data elements that are extracted 
include conditions/comorbidities, medications, procedures, 
labs, vitals, and biomarkers including genomic alterations 
from next-generation sequencing.

The platform also has integrated annotation capabilities 
to both validate auto-extracted data and capture custom 
data elements that may not exist in standard dictionaries. 
All data are housed in a central database with an audit trail 
and provenance back to the source documents for ease of 

figure 1.
Overview of the xCures Platform

Patients are enrolled on the platform via direct consent or through 
partnership with provider systems or covered entities. Electronic medical 
records (EMR) from diverse sources are aggregated in near-real time 
via health information exchanges (HIEs), classified, and structured 
using NER, NLP, and LLM models, yielding a standardized data lake 
and metadata catalog suitable for cohort creation, data analysis, and 
algorithm development. The platform offers an annotation layer to 
generate fit-for-purpose datasets in support of decentralized trials 
(DCTs), expanded access protocols (EAPs), and real-world data (RWD) 
studies among other uses. Personal web portals for patients (xINFORM) 
and providers (xDECIDE) are available to view aggregated medical 
records, clinical summaries, and support research.

EMR Access within 
Minutes via HIEs

Patient Engages
with xCures

Precision Data
& Metadata Catalog

Data Processing 
& Structuring

Fit-For-Purpose
Datasets

All medical 
records from all 

sites of care

Patient consents to 
xCures or xCures 
partner (via BAA or 
DUTA)
• Direct-to-patient
• Advocacy groups
• Provider referrals
• Covered entities

Portals for patients & providers 
• Medical records
• Visual care summaries
• Clinical Research Opportunities

Searchable database 
for analysis, cohort 
creation, algorithm 

deployment 

Automated data 
structuring

Ability to map data 
from patient records 

into EDC or eCRF

DCTs, EAPs, trial matching, 
EMR to EDC, long-term 
follow-up, RWD studies



NCMJ vol. 85, no. 4
ncmedicaljournal.com

272

source data verification. Thus, the system is robust and 
streamlined for researchers and staff to utilize for popula-
tion-level research or clinical trials.

Real-World Applications for Clinical Decision Support, 
Trial Matching, and Research

The xCures platform includes web portals for patients, 
providers, and institutional partners that permit electronic 
enrollment and viewing of medical records and structured 
clinical data. This facilitates near real-time clinical data 
access and sharing across all parties. For institutional part-
ners, data across patients are aggregated to create a cata-
log of real-world data available to support clinical care and 
secondary research.

Decentralized applications. Patient (xINFORM) and pro-
vider (xDECIDE) web portals enable any cancer patient in 
the country to enroll for xCures services directly. Patients 
receive a personal health record and access to structured 
summaries auto generated by the xCures platform from 
comprehensive EMR data. Individual providers can view 
medical records for their patients and have them screened 
for treatment options including clinical trials and expanded 
access programs. 

As a proof-of-concept clinical decision support applica-
tion of the xCures platform, we designed a ML algorithm 
(xCORE: xCures Option Ranking Engine) utilizing structured 
data elements, outcomes data, and results from virtual 
tumor board reviews to surface potential treatment options 
for individual patients based on clinical features [9]. Clinical 
data elements including genomic alterations were extracted 
from EMR, validated by human annotators, standardized to 
discrete clinical features to create a “patient case vector,” 
and processed by xCORE. The xCORE algorithm contains 
multiple submodels, which integrate to provide a proba-
bilistic score for each of thousands of potential treatment 
options: 1) an NLP submodel trained on clinicaltrials.gov 
inclusion/exclusion criteria, 2) a biomarker-drug submodel 
that utilizes CiViC and DGIdb drug and gene databases,  
3) a virtual tumor board consensus option ranking sub-
model, 4) an NLP submodel that extracts treatment infor-
mation from rationale statements from virtual tumor 
boards and leading oncologists, and 5) a submodel that 
utilizes actual outcomes (overall survival, time-on-treat-
ment, real world progression-free survival) from propensity 
score-matched advanced cancer patients enrolled in the 
XCELSIOR research protocol. The patient case vector is then 
independently distributed across each of the submodels 
and integrated to provide a probabilistic score of matching 
[9]. Initial testing of the algorithm shows the same sensitiv-
ity of this algorithm to inter-tumor board recommendations 
but with greater precision and F1 score (mean of precision 
and recall). As more patients are enrolled, the clinical util-
ity of these recommendations is collected both directly from 
patients and providers and in the longitudinal outcomes 
generated by the system.

Institutional applications. The xCures platform is avail-
able to institutions directly as a standalone cloud software 
to enable a range of activities for personnel involved in 
informatics and information technology (CIO, IT Director), 
clinical research (e.g., CMO, Director of Clinical Research, 
CMIO, research coordinators) and clinical care (individual 
treating oncologists and nurses).

The platform provides near real-time access to EMR 
from all sites of care nationally and summarized medical 
histories, supporting providers in patient care, particularly 
for new patient visits. The data annotation layer permits 
researchers to produce and reference regulatory-compli-
ant, source-verifiable data in standard, normalized, and 
structured formats that enable it to function as a common 
baseline to layer on diverse applications and analyses. The 
platform provides customizable dashboards of standard-
ized data to characterize patient populations and compare 
the effectiveness of the treatment strategies employed in 
their care. Structured data elements and unstructured text 
are available in a format for rapid, programmatic screen-
ing of clinical trial inclusion and exclusion criteria with 
simple IF, THEN, AND, OR, NOT functions. The richness of 
clinical data available across all sites of care enables the 
development and deployment of comprehensive AI/ML 
algorithms. 

Conclusion
The application of AI, NLP, NER, ML, and LLMs to EMR 

holds immense potential for revolutionizing health care 
delivery and clinical research. These technologies have 
demonstrated their effectiveness in querying, understand-
ing, and extracting valuable information from the often 
unstructured and voluminous data within EMR. ML classifi-
ers, NLP algorithms, and NER models have shown high diag-
nostic accuracy and efficiency in extracting specific medical 
concepts from EMR, facilitating improved health care deliv-
ery and clinical decision-making. However, the widespread 
implementation of these technologies requires addressing 
challenges such as data standardization and privacy con-
cerns. As these technologies continue to evolve and inte-
grate into health care systems, they hold the promise of 
enhancing patient care, accelerating clinical research, and 
ushering in a new era of precision medicine.  
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