
Integration of Knowledge Extracted from Clinical Notes with Patient Reported Outcomes and Genetic Reports for 
Advancing Research into Phelan-McDermid Syndrome

• Phelan McDermid Syndrome (PMS) [1], also known as 22q13 Syndrome, is a rare genetic disease (~1400 diagnoses worldwide) primarily diagnosed in children.
• PMS is caused by terminal deletions in the long arm of the 22nd chromosome, leading to loss of function of the SHANK3 gene. [2]
• Deletions range in size from a few Kilobases to several Megabases, affecting between 1 and 140 genes.
• Diagnosis of PMS is only possible with genetic testing and often delayed.
• Knowledge extracted from clinical notes and Patient Reported Outcomes (PRO), two underused sources of detailed information about patient conditions, could significantly 

augment our understanding of PMS. 
OBJECTIVE:
To demonstrate the integration of: 
a) knowledge extracted from patient clinical notes, 
b) PRO data sourced from the PMS International Registry (PMSIR) and 
c) the content of curated genetic reports, on the PCORI PMS Data Network (PMS_DN). 
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Background

Methods

1 to 140 affected genes

CLINICAL NOTES
1. After obtaining consent from the caregivers of patients, clinical notes from the patients’ Electronic Health Records were obtained from healthcare providers by a third

party vendor and converted to PDF files
2. The Tesseract optical character recognition tool extracted raw text content from the curated PDF files of clinical notes.
3. The MITRE MIST scrubber and the Scrubber toolkit in the Apache cTAKES Natural Language Processing (NLP) engine erased Protected Health Information.
4. The Apache cTAKES NLP engine extracted knowledge from anonymized clinical notes by identifying occurrences of concepts defined in the Unified Medical Language

System and mapping these concepts to concept definitions in 20 clinical terminologies including ICD-9/10, MeSH, the Human Phenotype Ontology, and SNOMED CT.
5. Knowledge extracted from clinical notes can be verified by experts with a novel validation tool that allows them to check the identified concepts against the raw text
PATIENT REPORTED OUTCOMES
Patient Reported Outcomes comprise caregivers’ answers to approximately 1300 questions concerning patient development, adult behavior, and clinical observations,
diagnoses, and tests. These were preprocessed for statistical analysis
EXTRACT TRANSFORM LOAD (ETL) PIPELINE
ETL pipelines loaded the knowledge extracted from clinical notes and the PRO data along with curated genetic reports into the i2b2-tranSMART clinical data repository
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Results
• PMS Foundation (PMSF), a nonprofit organization

advocating for PMS research, obtained informed consent to
participate in PMSIR from 981 families (461 in USA).

• Of these, 557 families (300 in USA) consented to share
their data, including PRO, genetic reports, and clinical
notes, with Harvard Medical School.

• Apache cTAKES extracted the knowledge content – over
20 Million data points and 14,587 unique variables -
from 40,320 pages of clinical notes from 112
patients. This knowledge was loaded into PMS_DN along
with preprocessed PRO data from 415 patients and
curated genetic information from 176 patients.

• Authorized autism investigators can browse and interrogate
the aggregates of this integrated patient data on the
PMS_DN Web portal (https://pmsdn.hms.harvard.edu).

• Investigators with the appropriate IRB clearances can
obtain advanced, raw data download privileges on PMS_DN
from PMSF.

Integration of heterogeneous data sets on PMS_DN
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