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DOE-NCI Partnership:
Enable the most challenging deep learning
problems in cancer research to run on the
most capable supercomputers in the DOE
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National Cancer Institute &
Department of Energy Collaborations

‘Joint Design of Advanced Computing
‘Solutions for Cancer Pilots

Cellular Level Pilot for Predictive
Modeling for Pre-clinical Screening
Accelerati thods to identify
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=) DOE exascale
computing project

=) Information gathered
from the pilots will:

Cellular El Provide insight into
scalable machine
learning tools

A Provide analytics to
reduce time to
solution

Inform the design of
future computing

Population Level Pilot for Population
solutions

Information Integration, Analysis
and Modeling
Understandi of
= agnotice, roaimonts e pasont
outcomes

factors in cancer

Address critical needs in computing, data transfer,
and data management in cancer research.
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Al To Modernize the National Cancer Survelllance Program
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improve outcomes in the A A | SEER Cancer Information
“real world” Resource

\ Prospectively support
= development of new diagnostics
\
and treatments

To develop and deploy robust and scalable Al solutions for automated
information capture from free text pathology reports.
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Information Extraction of Reportable Data Elements

Shared layers Task-specific layers

Word Embeddings softmax . Output
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Site Development &
deployment of
Subsite product
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NLP Algorithmic
innovation and
Hyperparameter
Optimization
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>20,000 cancer phenotypes
observed in based only on
6 attributes

Extension to other NLP tasks to extract more data elements (e.g., biomarkers) will increase the number and
complexity of cancer phenotypes observed — combinatorial explosion in computational cancer phenotyping =
Exascale computing
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70 cancer sites (306 subsites); 515 histologies; 9 grades; 7 lateralities; 4 behaviors —)




lterative Improvement and Testing: 13 SEER Registries,
~4M documents

V6 AA BB cC 0D EE FF GG HH I Il KK LL MM Average
Site 9396%  92.04%  93.10%  9454%  92.84%  9264%  9523%  93.13%  93.97%  93.86%  9438%  93.95%  9341%  93.62%
Histology 8452%  7933%  8267%  83.03%  8411%  8250%  8563%  82.86%  82.68%  81.03%  80.19%  8222%  7882%  82.28%
Trained on Laterality 9338%  9239%  93.92%  9295%  93.28%  93.68%  9476%  93.06%  92.93%  94.24%  9231%  9422%  9039%  93.19%
2 regisfries Behavior 96.61%  9647%  9581%  9651%  9597%  96.84%  97.52%  9525%  96.40%  97.23%  9558%  96.53%  9745%  96.47%
Grade 7982%  7523%  77.06%  81.20%  7883%  78.66%  8293%  79.38%  7816%  7815%  79.92%  8155%  79.12%  79.23%
Average 89.66%  87.09%  8851%  89.65%  89.01%  8886%  91.21%  88.74%  8883%  8890%  8848%  89.69%  87.84%
V7 AA BB cC ) EE FF GG HH I Il KK LL MM Average
Site 93.88%  91.89%  9295%  9448%  93.18%  9269%  9537%  93.15%  94.55%  9391%  94.11%  9511%  9267%  93.69%
Trained on Histology 87.23%  8358%  87.12%  86.26%  8790%  8633%  8880%  87.09%  86.91%  84.74%  83.04%  87.56%  8391%  86.19%
4 regisfries Laterality 9421%  9296%  94.11%  93.92%  93.95%  93.99%  9527%  9394%  94.02%  9437%  9355%  9527%  92.32%  93.99%
Behavior 96.67%  96.71%  96.22%  96.94%  96.69%  97.10%  97.74%  95.74%  96.96%  97.58%  95.76%  97.17%  97.35%  96.82%
Grade 8160%  8021%  7899%  8352%  8113%  81.95%  8515%  80.47%  81.87%  8044%  8277%  8523%  8267%  82.00%
Average 90.72%  89.07%  89.88%  91.02%  90.57%  9041%  9247%  90.08%  90.86%  90.21%  89.85%  92.07%  89.78%

* Manual path screening for 5 variables — 1 yearr,
- 600,000 path reports: 4,048 hrs (55sec/report)

* Al path screening on same task: 55 min (12msec/report)

 4500x speed gain to enable near real time cancer surveillance
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R e p O r-l- O b I | I -l-y ’ INTELLIGENT ONCOLOGY CODING FRAMEWORK
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+ “Reportability” assessment is currently being | _‘ —
done either manually or by software at path labs ! \ —'
| 1
« Even for pre-screened “reportable” path reports- |
25-60% are actually “non-reportable” | SR
: 1
 Two approaches explored: : — e "
» Predictive model to automatically determine the : GLOHET || < o —>
reportability status of unstructured pathology :\ 1
reports for labs without pre-screening software Rinkh Enlilieirdvinheinjerfotes ety -
* Predictive model to differentiate p_re-screene_d s E . E
reportable path reports ajc the registry (reducing — A ——
the need to manually review the 25-60% FPs) Surgeal | Bopsy - Autopsy
SR e
« Deep learning models trained with data from B =
different registries achieve cross-validated LIS '
classification performance of 92%-99% e —
depending on registry and cross-validation

scenario. \_
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Recurrence

 |dentification of recurrent metastatic disease is a critical outcome for both
patients and providers

- Recurrence also a key focus of many clinical tfrials
- |nifial Objective: Identify pathology reports indicating “de novo” met

« Hypothesis: Model trained to detect metastasis at the time of diagnosis (for
which we have CTC gold standard) can be used to detect metastasis

indicative of disease progression.

Cases with Single Path Report Cases with Multiple Path Reports

AUC AUC

o - o ‘
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82 84 86 88 90 92 94 96 28 100 80 82 84 86 88 90 92 924 96 28 100
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Translation of deep learning NLP models developed to
support SEER operations on childhood cohort

e First step: Information extraction DL models trained with both adult and pediatric cancer
cases appear to be consistently better than the pediatric-cohort model

o Incorporating adult cases boosts performance

o Transfer learning from adult cases to childhood cases is helpful (boosting training set)

» Since prevalence of pediatric cancers differs, we may lose details if we simply apply “all
cases model” as-is

- Leukemia, Lymphoma and CNS Tumors are the most common

- Adjusting the ratio of adult:pediatric training cases helps boost performance (considering the pediatric

cancers are rare, ~2% of all cancers)

- Better to collect more pediatric cancer cases to train specialized models

* The International Classification of Childhood Cancer (ICCC) is based on fumor
morphology and primary site with an emphasis on morphology rather than the emphasis

on primary site for adults.
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Micro F1 0.9467
Main Group
(13 ICCC classes)
Macro Fl 0.8987
Micro F1 0.8960
Subgroup
(47 ICCC classes)
Macro F1 0.7071

e Decent results from the SEER APl recoding to ICCC

International Classification of Childhood Cancer (ICCC)

0.9519

0.9248

0.90/8

0.7661

e BUT — notable improvement with a specialized pediatric model tfrained with ICCC code

labels
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Next Steps

« Leveraging

o reportability APl from path reports to radiology reports focusing on underreported childhood
cancers (CNS/brain)

o recurrence APl based on path reports to radiology reports to identify metastatic recurrence

from radiology reports for childhood cancers

 Development and training of DL NLP algorithm to extract structured freatment information from
unstructured text documentation for childhood cancers

 Begin development of NLP models from radiology/path reports for extracting data to perform

longitudinal capture of disease progression for pediatric cancers using PRISSMM annotated data
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Pilot 3



%OAK RIDGE

National Laboratory

ACKOWLEDGEMENTS

for Cancer (JDACS4C) program established by the U.S. Department of Erergys{
the National Cancer Institute (NCI) of the National Institutes of Health. Th?%\%}% /

performed under the auspices of the U.S. Department of Eneg

The authors gratefully acknowledge the conftributions of the.state and regional cancer
reqistry staffs for their work in collecting the data used in this study.

ORNL is managed by UT-Battelle, LLC for the US Department of Energy




THANK YOU!! ¢ »

T
TQUFQSSIQ@Q( n( goy o o

»




