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Abstract

Background: Although practice guidelines recommend colorectal cancer surveillance for inflammatory
bowel disease (IBD) patients, the natural history of patient with dysplasia is poorly described. Assembling
large cohorts of IBD patients with dysplasia is difficult as administrative codes are lacking. The aim of
this study was to use natural language processing (NLP) in a large electronic health records (EHR) to
identify IBD patients with colonic dysplasia.

Methods: We conducted a retrospective cohort study using administrative data from the national
Veterans Health Administration (VHA) Corporate Data Warehouse for patients with IBD. Full-text
histopathology reports from patients who underwent colonoscopy in the VHA were obtained and a
validation cohort was created using a random sample of 2000 reports. An NLP algorithm to identify the
presence and grade of dysplasia was developed and performance tested in a validation cohort. The final
NLP algorithm was applied to the entire IBD cohort to identify all cases of colonic dysplasia.

Results: We identified a total of 44,099 Veterans with IBD, with 22,431 colonoscopy related
histopathology reports. NLP had an accuracy of 97.1% for detection of low grade dysplasia, with a
precision of 87%, recall of 96.6%, and F- measure of 91.5%. When applied to the entire cohort, a total of
1,762 cases of colonic dysplasia were identified.

Conclusions: NLP accurately identifies colonic low-grade dysplasia in IBD patients from a national EHR.
NLP can be used to identify large cohorts of IBD patients with dysplasia to further study the natural
history and outcomes of colonic dysplasia in patients with IBD.

Background

Patients with inflammatory bowel disease (IBD) are at an increased risk of developing colorectal cancer,
and currently practice guidelines recommend these patients undergo colonoscopies to detect dysplasia or
cancer.[1, 2] If patients are found to have high-grade dysplasia or cancer, total proctocolectomy is
recommended given the increased risk of synchronous dysplasia or cancer elsewhere in the colon.[1, 2]
However, there is a paucity of data characterizing outcomes of patients with dysplasia detected on either
surveillance or diagnostic colonoscopy. 3, 4]

One of the main challenges of studying IBD-related dysplasia is that large cohorts of IBD patients with
dysplasia are difficult to identify in commonly used administrative data sources because there are no
diagnostic or billing codes for non-cancer dysplasia.[5] Alternatively, applying Natural Language
Processing (NLP) to an electronic health record (EHR) could be an efficient means of identifying large
cohorts of patients across numerous hospitals within a health system. NLP utilizes computer science and
linguistics to develop methods to automatically add structure to otherwise unstructured text.[6, 7] NLP
has been previously applied to identify quality metrics of colonoscopy and has been applied to
differentiate surveillance colonoscopy for IBD patients from a non-surveillance colonoscopy.[8, 9]
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While primary data collection via chart review and prospective registries provide granular information, this
approach is inefficient, time consuming and expensive. NLP provides a potential approach to efficiently
create large cohorts of IBD patients that are likely better powered to conduct meaningful analyses of IBD-
associated colorectal dysplasia outcomes. The aims of this study were to develop an NLP algorithm to
identify cases of colonic dysplasia in patients with IBD and to then apply NLP to data from a national
EHR in order to identify IBD patients with colonic dysplasia.

Methods

The Institutional Review Boards of Baylor College of Medicine and the R&D Committee of the Michael E.
DeBakey VA Medical Center approved this study.

Data source:

Data were obtained from the Veterans Health Administration (VHA) Corporate Data Warehouse (CDW).
CDW compiles all electronic health record (EHR) and administrative data from the VHA facilities
nationwide, including diagnostic and procedural codes and full-text notes from the EHR. Full text-
histopathology reports from colonoscopy of patients with IBD were obtained from 2003-2009. Cases of
IBD were identified using a case finding algorithm using ICD-9 codes previously validated in the VHA.[10]

Study Design

A random sample of 2000 IBD colonoscopy pathology reports were manually adjudicated by 2
independent reviewers for the presence and level of dysplasia. Pathology reports describing any grade of
colonic dysplasia or colonic adenomas were considered positive for dysplasia. Indefinite for dysplasia
was not classified as dysplastic. Levels of dysplasia were classified as 1) low grade dysplasia, including
adenomas without further grade of dysplasia defined, 2) high grade dysplasia, or 3) adenocarcinoma.
Discrepancies between the reviewers were resolved by a third reviewer. The study was performed as a
split-validation study. Overall, 557 of the 2000 reports were included in the NLP training cohort and the
remaining 1443 reports were included in the NLP validation cohort.

NLP Algorithm Development and Validation

An NLP algorithm to identify the presence and grade of dysplasia was developed using an NLP training
cohort of 557 reports. The NLP pipeline was created using the Clinical Language Annotation, Modeling,
and Processing (CLAMP) Toolkit— the software identified diagnosis and related comments sections from
reports which were processed for intended concepts and phrases by applying a generic NLP pipeline
utilizing components from the CLAMP Toolkit.[11] Dysplasia status was assigned using rule-based
methods as the final step. The performance of the NLP algorithm was tested on the remainder of the
validation cohort and reported as accuracy, precision (estimate of specificity), recall (estimate of
sensitivity), and F-measure (harmonic mean of precision and recall).

Application of IBD-Dysplasia NLP Algorithm
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To estimate the total number of expected dysplasia cases, the IBD-Dysplasia NLP algorithm was applied
to the entire cohort of IBD colon pathology reports. The total number of reports found with dysplasia and
levels of dysplasia from the NLP algorithm were reported.

Results

In total, 22,431 patients had colonoscopy-related histopathology reports available for extraction. On
manual adjudication of 2000 reports, 22 were indefinite for dysplasia and 325 were classified as having
any level of dysplasia, including 288 cases of LGD, 13 cases of HGD, and 24 cases of adenocarcinoma.
Among the 557 reports in the training cohort, there were 82 cases of LGD, 2 cases of HGD, and 7 cases of
adenocarcinoma.

NLP Development and Validation

The training cohort was used to train the NLP algorithm in CLAMP. When applied to the validation cohort,
the IBD-dysplasia algorithm was found to have an accuracy of 97.1% for detection of low grade
dysplasia, with a precision of 87%, recall of 96.6%, and F- measure of 91.5% (Figure 1). For high grade
dysplasia, the accuracy was 97.7%, precision 36.6%, recall 96.2%, and F-measure of 53.1%.

Estimation of cases of IBD-Dysplasia

The IBD-Dysplasia NLP algorithm was applied to the national VA IBD cohort of 74,258 unique IBD
patients and 116,338 available pathology reports (Table 1). The algorithm identified colonic dysplasia
among 3,969 unique IBD patients (5.3%), with 4,545 pathology reports with LGD and 513 reports with
HGD.

Discussion

In this study, we developed and validated an NLP-based algorithm to identify presence and level of
colorectal dysplasia in patients with IBD. Our work demonstrates that this algorithm can be applied to a
large, national dataset to estimate the prevalence of colonic dysplasia among patients with IBD.

Patients with IBD are at an increased risk of developing CRC compared to persons without IBD.[1, 12]
While the increased risk of CRC among patients with IBD has been consistently demonstrated, the
reported magnitude of the 30-year cumulative risk varies greatly, from 2.1 to 33.2%.[13-16] IBD-
associated CRC has distinct genetic and molecular pathways relative to sporadic CRC, and therefore the
natural history of colonic dysplasia among patients with IBD likely differs compared to sporadic CRC and
deserves independent study. However, studying the natural history of IBD-associated CRC and the manner
in which IBD leads to the development of CRC remains relatively unexplored. Observational studies based
on administrative claims data have been the standard for efficiently studying the natural history of
diseases; however, progress in the field of IBD-associated colonic dysplasia has been limited in large part
due to the absence of administrative codes for the presence or degree of IBD-associated colonic

Page 4/11



dysplasia. The findings of this study can help to address this current knowledge gap by permitting the
efficient identification and study of cases of dysplasia among large cohorts of patients with IBD.

Prior studies have demonstrated the utility of NLP for dysplasia detection and characterization in
sporadic CRC with high levels of accuracy (92-100%).[9, 17-19] However, patterns of pathology reports
for IBD and non-IBD patients differ greatly, with a higher number of pathology samples provided for IBD
patients undergoing surveillance colonoscopy. Also, the identification of IBD-associated colonic dysplasia
can be complicated by the description of background inflammation in histopathologic reports in NLP
derivation for IBD-associated colonic dysplasia. Our study demonstrates that NLP accurately identifies
both the presence and level of dysplasia in this population. There are numerous challenges in applying
novel data analytic techniques, like NLP, to large administrative datasets, including intricacies of data
architecture and transferability of NLP algorithms between datasets. The advantage of an NLP platform
such as CLAMP is the portability to other datasets.

This study has several limitations. Cases of IBD were determined by administrative codes and hence this
study is subject to limitations inherent to administrative database studies. We have previously validated
the accuracy of administrative codes for IBD in this dataset. Classification of dysplasia is also inherently
limited by the quality and variability of reporting in pathology reports. This dataset represents one of the
largest datasets of IBD patients in the US, and through CDW we have the unique capability to extract and
manually review full-text pathology reports linked to individual patients. Classification of dysplasia was
determined by two reviewers and discrepancies were adjudicated by a third reviewer. Lastly, we were
unable to differentiated if dye-spray chromoendoscopy was performed which may influence the
likelihood of presence of level of dysplasia identified. However, due to the time period of the study period,
dye-spray chromoendoscopy was not routinely performed in the VA.

Conclusion

In summary, NLP can accurately identify colonic dysplasia in IBD patients in a large EHR data repository
and can be used to identify large cohorts of IBD patients with dysplasia. This work will be used as a first
step toward filling an important gap in the current literature—specifically, the further study of the natural
history and outcomes of colonic dysplasia in patients with IBD.

List Of Abbreviations

IBD - Inflammatory Bowel Disease
UC—Ulcerative Colitis
CD - Crohn's Disease

NPL - Natural Language Processing
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EHR - Electronic Health Records

VHA - Veterans Health Administration

CDW - Corporate Data Warehouse

CLAMP - Clinical Language Annotation, Modeling, and Processing
LGD—Low Grade Dysplasia

HGD—High Grade Dysplasia

CRC - Colorectal Cancer
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Table 1: Demographics of IBD patients with colorectal
dysplasia (n=74,258)

Age at dysplasia (n=3,960) 62.1 £11.5 years
Age at IBD index (n=74,135) 59.1 £15.6 years
Gender (% male) 92.9%
Race
White 72.6%
Black 8.1%
Hispanic/Other 1.9%
Unknown/missing 17.4%
IBD type
Ulcerative colitis 53.7%
Crohn's disease 34.9%
IBDU 12.4%
Mean colonoscopies (#)* 4.2 (+4.3)

*Among pts with 21 colonoscopy n=27,164 (meantstd)

Figures
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VA Corporate Data
Warehouse (2003-2012)

UC or CD (by ICD-9 codes)
- 74,258 pts

Full text pathology reports
- 116,338 documents

Full text colonoscopy
pathology reports
- 27,164 unigue patients
- 41,502 documents

3, 969 unique pts
4,545 reports with LGD
513 reports with HGD

NLP validation
cohort
- 1443 reports

Random sample
2000 reports

Accuracy

MNLP training 97. 1%
cohort 97.

- 557 reports '

NLP Algorithm Development

Figure 1
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