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Interoperation in healthcare

University of Nebraska
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Client:

Surgical Pathology

Final Diagnosis:
LEFT UPPER LOBE OF LUNG, LOBECTOMY:
-INVASIVE MUCINOUS ADENOCARCINOMA.
- GREATEST DIMENSION 4.6 CM.
- THREE OF FIVE LOBAR HILAR AND INTRAPARENCHYMAL LYMPH NODES POSITIVE
FOR CARCINOMA (3/5).
- GREATEST SIZE OF LYMPH NODE METASTASIS 1.0 CM (A4).
- MARGINS (VASCULAR, BRONCHIAL, PARENCHYMAL) NEGATIVE FOR CARCINOMA.

MUTATION DETECTED: EGFR .c2155G>T (G719C) This mutationis associated with increased sensitivity tg

(https://www.mvcancergenome.org/content/disease/lung-cancer/egfr/2/)




Terminologies and Datasets
for Pathology in Cancer

Research community

» HUGO; Human Gene Nomenclature Committee
»  UniProt; Ensemble; Cosmic

» NCBO: OMIM; Orphanet; Protein Ontology

»  Global Alliance for Genomics and Health

Clinical community (from ONC S&l framework)
SNOMED CT 20180130

LOINC 2.63

RXNORM

HIPAA transaction code sets
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Public Health community

» NAACCR v18: ICD-03, ISO, NCHS, SEER codes

» HL7 V2 CDA standard for reporting to cancer registries (CDC)
»  CDC National Program of Cancer Rregistries statistics




Terminologies and Datasets
for Pathology in Cancer

Research community

HUGO; Human Gene Nomenclature Committee
UniProt; Ensemble; Cosmic

NCBO: OMIM; Orphanet; Protein Ontology
Global Alliance for Genomics and Health
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No meaningful semantic bridge links

genetic scientific findings with clinical
concept models or public health

Public Health community

» NAACCR v18: ICD-03, ISO, NCHS, SEER codes

» HL7 V2 CDA standard for reporting to cancer registries (CDC)
»  CDC National Program of Cancer Rregistries statistics




AP/MP Cases for Data (Re-)Use

Anatomic pathology (AP) is the discipline
expert in making gross anatomical or
microscopic diagnoses.

Molecular pathologists employ proteomic
or genomic Bmﬁ:oc_m to diagnose disease.

management

» Retrieving biobank tissue for research
protocols
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AP/MP Cases for Data (Re-)Use

» Clinical decision support
» Clinical research project planning

» Clinical quality assurance and
outcomes assessment

» Laboratory risk and safety
management

» Retrieving biobank tissue for research
protocols

Y




GPC RCR Quality Assurance:
Treatment Audits

» Colon cancer therapy:
— NRAS or KRAS variant+; EGFR

treatments are ineffective and should
not be used

— EGFR+ and *RAS- = cetuximab or
panitumumab

— high degree MicroSatellite Instability =»
iImmunotherapy — Pembrolizumab or
Nivolumab




Research Use Cases in Precision
Medicine

» How many cases in the past two years
have we had with advanced stage breast
cancer and triple negative status(ER-,
PR-, Her2-)?

» What is the survival for early stage colon
cancers with/without finding of tumor
budding?

» How many cases of stage 1-2 melanoma
do | have in the tissue biobank that were
BRAF V600E positive?

» How many patients do we currently follow
with Lynch syndrome due to MLH1 Q
variant?




Quality Assurance: Molecular
Pathologist

» A new research study reports pathogenicity of
a CDH1 sequence variant in stomach cancer;
how many patients have we diagnosed in the
last five years that | need to contact?

» Clinical research reports significance of the
BRAF and *RAS genes in colorectal

treatment planning, how do | need to change
my reports to oncology?
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Quality Assurance: Molecular

Pathologist

What is needed to meet the needs of these researchers and
clinicians is a domain ontology — a structured, fully defined
coding hierarchy with knowledge features - capturing
detailed AP & MP observations in the EHR which can be
employed in data bases organizing the growing body of
scientific knowledge and promoting interoperation between
the communities of use.

A domain ontology carries the definitional information with
the data as it moves from clinical to research to public health
Databases.

These data types are called “Observables” within semantics
of SNOMED CT and LOINC



UNMC: Project for structured
encoding of AP/MP cancer reports

>

>

>

Obijective: Detailed structured and coded
reporting of all anatomic and molecular
pathology observations for all CAP synoptic
cancer worksheets (82 types of
malignancies)

Project plan: Analyze and encode details of
CAP worksheets for cancer

Tooling: Nebraska Lexicon© extension
namespace; SNOWOWL authoring platform;
DL classifier

SNOMED International committed to project
workplan for 2017-8 with goal of promoting
an observables ontology to International
release

Y



College of American Pathologists
Cancer Checksheets

Histologic Type (select all that apply) (Note B)
____Adenocarcinoma
_____Mucinous adenocarcinoma
_____Signet-ring cell carcinoma
_____Medullary carcinoma
High-grade neuroendocrine carcinoma

+ EGFR by Mutation-Specific Immunohistochemistry
+ EGFR L858R (clone 43B2)
+ ___ Negative”
+  Positive™
+ ____ Equivocal™ (explain):

+ EGFR Exon 19 Deletion (E746_A750del) (clone 6B6)
+ Negative”

+ Positive™

+ ____ Equivocal™ (explain):

mm_j_o_m?o_ﬁnb,_uno_o_‘mnﬁm_m:n__.csmnmsnmﬂn:mnw:mﬁm Q
College of American Pathologists, Northfield, IL USA




College of American Pathologists

Cancer Checksheets

Histologic Type (select all that apply) (Note B)
____Adenocarcinoma

_____Mucinous adenocarcinoma

_____Signet-ring cell carcinoma

+ RESULTS

+ EGFR Mutational Analysis (Note B)
+ No mutation detected

+ ALK Rearrangement by Molecular Methods (Note C)
+ __ Norearrangement detected”
+ _ Rearrangement identified™

+ __ EML4-ALK (specify variant type, if known):

+  KIF5B-ALK

+  TFG-ALK

+__ KLC1-ALK

+  Other ALK rearrangement (specify, if known):

+ __ Cannot be determined (explain):

+ Polysomy:
+ ___ Present™
+  Absent

ce

T Sdmpie o CAP COolorectdr ana Lang cancer Chneckises
College of American Pathologists, Northfield, IL USA




Project Workplan - Terminology

>
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Analyze terminology requirements in CAP Cancer
worksheets

Consult pathologists regarding query and decision
support requirements to refine application of
concept model

Extend SNOMED CT content where necessary

Vet the application of concept model with
Observables Project and create templates to guide
concept model application for reproducibility

Encode in SNOMED CT and map Observables to
LOINC; genes to HGNC, GO

DL Classify and publish domain ontology for AP/MP
(Implementation to Scott) Q



Nebraska Lexicon©
Observables Ontology:
SNOMED CT Concept Model
Developments and Content
Extensions




Operational Requirements:
AP Observables Ontology

Query and retrieve:
» (Gross exam results
» Microscopic:
— detailed histologic findings by site of origin

— histologic findings by slide preparation or
methods (frozen section vs paraffin)

— invasion and features of spread
— special staining techniques

» Information model to link findings by case
and episode over time




Observables Concept Model

Fully specified name (observable entity)

363787002 | Observable entity|

I.moﬁpmoou | Property sﬁmUW_ <<118598001 | Measurement property| *1
I'm 704319004 | Inheres in | Ul <<Body structure, <<Substance, <<Organism, <<Specimen *1

|Inherent location |

m P2 LIl U <<Body structure, <<Substance, <<Organism, <<Specimen *0-1

<<Body structure, <<Substance, <<Clinical finding
<<Organism *0-1

I.m 704320005 |Towards| Uv
<<Clinical findings, <<Procedures *0-many

|-mw§ﬁooo | Time m%mg_u <<272103003|Time patterns (qualifier)| *1

|.mw§w~oom |Scale Qum_vlv_ <<278444000|Scales types(qualifier)| *0-1

<<258666001 | Units(qualifier)| *0-1

|.m§mm808 _?nrsacm_i <<272394005 |Technique (technique)| *0-many

246514001 | Units|

210168651000004108 |Specimen
prep technique |

<<|Preparation Technique (technique)| NEW *0-many

|.m 704327008 | Direct site| U <<Body structure,<<445405002 | Specimen| *0-1




AP SNOMED CT Extensions

» Property types: morphology, histologic
feature, cell type, grade, invasiveness

» Techniques: gross, microscopy, light
microscopy, iImmunohistochemistry,
Immunoperoxidase staining, paraffin
embedding, frozen section preparation

» Body structures: surgical margins




Anatomic site of excised
neoplasm of <body structure>

Anatomic site of excised neoplasm of <body structure>

> 371480007 | Tumor site|

|.mo§m8u |Property type U 550001000004103 | Anatomic location property |
.mwoﬁpooo»__%mam in| U <<Neoplasm

I.m Inherent location U|W_ <<Specimen obtained by excision of <body structure>
.muﬁﬁooo | Time aspect| Single point in time

.mﬁo&woow |Scale z_om_Ul— Nominal

|.m§mm8o8 _?nrsscm_i Light microscopy

.AA Direct site U <<Specimen obtained by surgical procedure

M



Histologic <feature> of excised
<phenotype> of <body structure>

Histologic <type/grade> of excised neoplasm of <body structure>

363787002 | Observable entity|

|.m 704318007 |Property zumOv.v_ <<30001000004102 | Histologic feature|

O@ITl.mwo@SoE__%mam in U.w_ <<Neoplasm (morphology)
h Inherent location Ullv— <<Body structure
|.mﬁo§o8 | Time m%mg_Ulv— Single point in time
|-mw§wwoom |Scale aﬁlUlV_ Scales type

"mk&oas _:%;._Q%_Ulv— Light microscopy __

m Direct site UL <<Tissue specimen




Distance of neoplasm of
<structure> from <surgical margin>

Distance of excised neoplasm of <body structure> from <surgical margin>

v_ 363787002 | Observable entity|

I'mox_wuwooi?o_oma\ type Ul Length
m 704319004 | Inheres in| U|v_ <<Surgical margins

<<Specimen obtained by excision of body structure

Inherent location

Y

370134009 |Time aspect| Single point in time

|-mﬁo$~oom |Scale type| Ulv— Quantitative

|.m§$808 _?ngacm_UIV— Light microscopy
Aouw»mooﬁ_zrmﬂmm _:U&_ <<Neoplasm

AA Direct site U|IV_ <<Tissue specimen

1
1




Surgical margin found positive
for neoplasm of <structure>

Surgical margins found positive for excised neoplasm of <body structure>

v_ 363787002 | Observable entity|

I-m (704318007 | Property H<umUw_ Presence

[.m 704319004 | Inheres in | UW <<Surgical margins

|'mA Inherent location U‘V_V <<Specimen obtained by excision of body structure

|-m$8§8m |Time m%mnﬁ_UIV_ Single pointin time

|'m 370132008 |Scale type| UIVV Nominal

|-m 246501002 |Technique| UIV_ Light microscopy

I.m Component UIW_ <<Neoplasm

|vm Direct site Ullw_v <<Tissue specimen




AP Observables (classified)

KM SNOMEDCT &3 DRSS RIY® O
-, anatomic pathology x
v - Anatomic pathology observable entity A

- Alpha-1-Fetoprotein Ag [Presence] in Tissue by Immune stain
- Configuration of excised colon polyp
- Dissection method employed to prepare tissue for histopathology
- Histologic type of intraoperative surgical specimen by frozen section
-~ Mitotic index
- Presence of inflammatory bowel disease in excised colon specimen
- Presence of ulceration in excised melanoma of skin reported in previous pathology case
- Previous pathology case material reviewed for report
v - Surgical margin observable
- Distance of tumor from margin
- Extent of surgical margin involvement by ductal carcinoma in situ of breast
.- Extent of surgical margin involvement by malignant neoplasm
- Margin closest to tumor
- Specimen margin close to tumor
- Status of margin involvement by tumor
- Surgical margin site involved by tumor
- Surgical margins examined for this report é
v _ Tumor observable
/- Anatomic level of invasion of malignant melanoma of skin




Operational Requirements:
MP Observables Ontology

Query and retrieve:
somatic vs germline results
findings by gene locus or metabolic pathway

findings by molecular genomic methods
(protein, gene or chromosome)

specific SNPs by gene and chromosome
types of chromosomal rearrangement
specific translocations

gene amplification and polysomy

VVVVY YVYYVYY




MP SNOMED CT Extensions

» Properties: chromosome rearrangement,
gene amplification, sequence variation

» Techniques: molecular genetics, bisulfite
treatment, flow cytometry, nucleotide
sequencing, FISH, pyrosequencing, PCR

» Body structures: genes, nucleotide
seqguence alterations

» Substances: proteins and enzymes



Extending SNOMED CT:
330001000004104|KRAS gene locus
(cell structure)]

330001000004104
KRAS gene locus (cell structure)

312237004
Chromosome structure (cell str...

1350001000004100
V Nucleotide sequence (body stru...

123005000 17897000
Part of (attribute) Chromosome pair 12 (cell struc...
\vm Chromosomal region U|QA 12p12.1 v

Y




<protein> expression of
<gene> assessed by IHC

<gene> <protein> expression status of excised neoplasm of <body structure>

363787002 | Observable entity|

|.moﬁpm03 | Property type Uv .v_ Entitic number

_|.m 704319004 |Inheres in U\v_ <<1350001000004100 | Nucleotide sequence

h Inherent location U|IV_ <<Neoplasm

|.mﬁo$88 | Time aspect| Single point in time

|.m,ﬁ8ww8m |Scale ﬁ,\nm_UlV_ Ordinal value

|.m§mm88~ _?osagcm_Ul_ 708097004 | Immunohistochemistry |

IAA 704327008 | Direct site| U <<Tissue specimen from <body structure>

.-mwmﬁoéi | Direct substance _U <<88878007 | Protein|




<gene locus> sequence observed in
<neoplasm> of <body structure>

<gene> sequence observed in excised neoplasm of <body structure>

v_ 363787002 | Observable entity|

|'m Auo»wpmoow | Property SﬁmUV_ Sequence variant property

|.mwo$$8»__=:mam in| U.V <<Nucleotide sequence / Gene locus
h Inherent location U.lV_ <<Neoplasm
|-mwuo§8m |Time m%mg_UIV_ Single pointin time
|.m38w~8w |Scale QE_UIV Variant call format

|'m§o.m88~ | Technique | U L <<Sequencingtechnique
I.m 704327008 |Direct site| vl <<Body structure tissue specimen




Somatic variants

<gene> sequence variant observed in excised neoplasm of <body structure>

363787002 | Observable entity|

I-moﬁwpmoou | Property .QnmUw— Sequence variant property

_ mwoﬁpmooﬁ_%mam in| U <<Nucleotide sequence / Gene locus

370134009 | Time aspect| Single point in time

h Inherent location U|W_ <<Neoplasm

1

370132008 |Scale type| Nominal scale (HGVS format)

704327008 |Direct site|

246501002 _F%a@m_u <<Sequencing technique

9!

<<<Body structure> tissue specimen




Germline variants

<gene> sequence variant observed in (normal) <body structure>

363787002 | Observable entity|

hoawumoow | Property type _UV_ Sequence variant property

|.m 704319004 | Inheres in| U‘V <<Nucleotide sequence / Gene locus

. <<Anatomical structure(excludes acquired body
Inherent location
structures)

|.mwuo$88 | Time aspect| Single point in time

|-mﬁo$~oom |Scale type| Y Nominal scale (HGVS format)

|-m§mmopoo~ _qmgzscm_i <<Sequencing technique

I..Am 704327008 | Direct site| U.IV <<<Blood or tissue> specimen




MP Observables

&3 SNOMEDCT &2 SECRCR-AN I

-, molecular pathology
v - Molecular pathology observable entity

- Cancer Ag 125 [Presence] in Tissue by Immune stain

- Cancer Ag 72-4 [Presence] in Tissue by Immune stain

- Carcinoembryonic Ag [Presence] in Tissue by Immune stain

- Cathepsin D [Presence] in Tissue by Immune stain

;- Degree of microsatellite instability

- Gene protein expression by immunoperoxidase staining of tissue

- Gene sequence variant identified in specimen

- |lgM Ag [Presence] in Tissue by Immune stain

-~ Nucleotide sequence observed

. Presence of BRCA1 germline sequence variant detected

' Presence of COL7A1 sequence variant ¢.682+5G>C in tissue

- Prostate specific Ag [Presence] in Tissue by Immune stain

v -~ Tumor genetic biomarkers
~— Alpha-1-Fetoprotein [Mass/volume] in Peritoneal fluid
- Alpha-1-Fetoprotein [Multiple of the median] adjusted in Amniotic fluid
,— Alpha-1-Fetoprotein [Multiple of the median] adjusted in Serum or Plasma
-~ Alpha-1-Fetoprotein L3/Alpha-1-fetoprotein.total in Serum or Plasma
.- BRAF protein expression by immunoperoxidase staining of excised malignant neoplasm
' Cancer Ag 19-9 [Units/volume] in Pericardial fluid
- Cancer Ag 19-9 [Units/volume] in Peritoneal fluid
- Cancer Ag 72-4 [Units/volume] in Pericardial fluid




Implications for Clinical
Indings

843509901000004102 | BRAF V600E mutation identified in excised

malignant neoplasm (finding) |

441742003 | Evaluation finding|

455350031000004100
363714003 | BRAF nucleotide sequence detected in excised malignant
neoplasm(observable entity)

C el D V00433 & c1759T>A (V6000

|Interprets |

BRAF V600E mutation detected in malignant melanoma of skin

BRAF V600E mutation detected in malignant melanoma of skin(disorder)

843509901000004102 | BRAF V600E mutation
identified in excised malignant neoplasm (finding)|

93655004 | Malignant melanoma of skin(disorder) |




Clinical Laboratory Ontology

£33 SNOMED CT ¢ R NEE BY®TO
Type to filter concepts
»— Cell feature A
' Clinical history/examination observable
v - Clinical laboratory observable entity

' Allergy clinical laboratory observable entity
' Blood bank laboratory observable entity
' Body product observable

,~ Clinical chemistry observable entity

,~ Coagulation laboratory observable entity

- Fluid observable

-~ Hematology laboratory observable

,— Microbiology laboratory observable entity

- Serology_immunology laboratory observable entity
v - Toxicology laboratory observable entity
- 1,4-Benzenediamine [Mass/volume] in Air
~ 10-Hydroxycarbazepine [Mass/volume] in Blood
,~ 10-Hydroxycarbazepine [Mass/volume] in Serum or Plasma
~~ 10-Hydroxycarbazepine [Moles/volume] in Serum or Plasma
- 11-Dehydrotetrahydrocorticosterone/Creatinine [Molar ratio] in U
~ 11-Deoxycortisol/Cortisol [Mass Ratio] in Serum or Plasma
~~ 11-Deoxycortisol/Creatinine [Molar ratio] in Urine

{

11-Hydroxyandrosterone/Creatinine [Molar ratio] in Urine

.~ 11-Hvdroxvetiocholanolone/Creatinine [Molar ratiol in Urine v
< >

4! Parents 2 @ = 0

v - Toxicology laboratory observable entity



Scott to discuss automation
of the AP/MP workflows and
structured synoptic report

Nebraska Lexicon © extension:
https://www.unmc.edu/pathology/informatics/tdc

James R. Campbell
campbell@unmc.edu

W. Scott Campbell
wcampbel@unmc.edu Q
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