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Application

Multiparametric Magnetic Resonance Imaging (mpMRI) is
increasingly used to evaluate prostate cancer

Reporting systems that standardize the features, locations and
recommended action have been devised

The most recent of these is the Prostate Imaging and Report
and Data System Version 2 (PI-RADS v2)

Such reports and supporting evidence will be encoded in a
structured form and anatomical locations need a standard
encoding



Precise localization of ROIls

For reproducibility of reader performance
Comparisons with a pathological reference
Assess/improve regional specificity
Improve the communication of results
Draw attention to suspicious regions

For targeted biopsies or therapy

To improve staging



Localization Models

EU Consensus Paper — 16 regions
EU Consensus Paper — 27 regions
PI-RADS v2 — 39 regions

Whether or not such granular localization is practical
for routine reporting is out of scope of this discussion
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Weinreb et al. PI-RADS Prostate Imaging - Reporting and
Data System: 2015, Version 2. Eur Urol. 2016 Jan;69(1):

16—40.
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earlier than or contemporaneously with enhancement of adjacent normal prostatic
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Dickinson et al. Magnetic
resonance imaging for the
detection, localisation, and
characterisation of prostate
cancer: recommendations from a
European consensus meeting.
European urology. 2011,59(4):
477-94.

e i
S

Ten posterior (p) glandular regions - mediolobar and lateral Twelve posterior (p) and twelve anterior (a) glandular regions -
at base and mid; lobar at apex. mediolobar and lateral at base, mid and apex.
Six anterior (a) glandular and stromal regions. Three anterior stroma (as) central regions.,



Knowledge Extraction

If granular localization is used ...
How does one extract more general knowledge?

E.g., Apex L TZp “Left posterior apical transition
zone of prostate”, is:

Left

Apical

Posterior

Transition zone

Need not only codes, but “ontology” (relationships)



Encoding

Narrative reports may use full name or abbreviations

Structured reports with semantically extractable
information need codes

Codes should be standard so as to be interoperable

Common schemes:
SNOMED CT
Foundational Model of Anatomy (FMA)
NCI Thesaurus
RadLex (radiology-specific)



Methods

Evaluated FMA, SNOMED CT, NCIt and RadLex for
current content — all lacking the necessary specificity

Selected FMA as basis and Protégé as tool

Extended FMA with new concepts:
sub-classes of existing concepts
regional spatial relationships (“posterior to”, etc.)
“disjoint from” relationships

Offered result to FMA, SNOMED CT, NCIt, RadLex
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Protégé

Class
Hierarchy

Annotations X

Description

@ fma_4.2.0_plus99PMPProstate (http://purl.org/sig/ont/fma_4.2.0_plus99PMPProstate.owl) : [/Users/dclunie/Documents/Medical/stuff/Codes/FMA/Plus99PMPProstate/fma_4.2.0_plus99PMPProstate.owl]

Active Ontology

Entities ﬁ Object Properties

© fma_4.2.0_plus99PMPProstate (http://purl.org/sig/ont/fma_4.2.0_plus99PMPProstate.owl) E

Data Properties  Annotation Properties

Individuals OWLViz DL Query OntoGraf  SPARQL Query

Q *\Transition zone*

Ontology Differences

(8- Lelaga  Class hierarchy (inferred)

‘Zone of perineal fascia’

‘Zone of perineal membrane'

‘Zone of prostate’

'Apex of prostate’

‘Base of prostate'

‘Central gland of prostate’

'Central zone of prostate’

'Distal part of prostate'

'Distal prostatic sphincter'

'Intermediate zone of prostate’

'Internal zone of prostate’

'Left half of apex of prostate’

'Left half of base of prostate’

'Left half of middle region of prostate’

'Left half of prostate’

'Middle region of prostate’

'Peri-urethral zone of prostate’

'Peripheral zone of prostate’

'Preprostatic sphincter’

'Prostatic utricle'

'Right half of apex of prostate’

'Right half of base of prostate’

'Right half of middle region of prostate’

'Right half of prostate’

'Subdivision of central zone of prostate’

'Subdivision of peripheral zone of prostate’

k ivision of transition zone of p y

‘'Anterior part of left side of apical part of transition zone of prostate’

‘'Anterior part of left side of basal part of transition zone of prostate’

‘'Anterior part of left side of middle part of transition zone of prostate'

'Anterior part of right side of apical part of transition zone of prostate’

'Anterior part of right side of basal part of transition zone of prostate’

'Anterior part of right side of middle part of transition zone of prostate’

'Left side of apical part of transition zone of prostate’

‘'Left side of basal part of transition zone of prostate’

'Left side of middle part of transition zone of prostate'

Poster| rt of left side of apical part of transition zone of prostate'
'Posterior part of left side of basal part of transition zone of prostate'
'Posterior part of left side of middle part of transition zone of prostate’
'Posterior part of right side of apical part of transition zone of prostate’
'Posterior part of right side of basal part of transition zone of prostate’
'Posterior part of right side of middle part of transition zone of prostate’
'Right side of apical part of transition zone of prostate’

'Right side of basal part of transition zone of prostate’
'Right side of middle part of transition zone of prostate’
'Transition zone of prostate’

Annotations
label language: en]
Posterior part of left side of apical part of transition zone of prostate
99PIRADS
Apex LTZp

[type: string]

Equivalent To

'posterior to' some "Anterior part of left side of apical part of transition zone of prostate’
‘regional part of' some 'Left side of apical part of transition zone of prostate’
'Subdivision of transition zone of prostate’

f (Anonymous Ancestor,

‘has dimension' value true

dimension value "3-dimension"AAstring
‘has mass' value true

'has boundary’ value true

'has inherent 3-D shape' value true
'physical state' value "Solid"*~string

Members
Target for Key
Disjoint With
'Posterior part of right side of apical part of transition zone of prostate’

‘Anterior part of left side of apical part of transition zone of prostate’

Disjoint Union OF

No Reasoner set. Select a reasoner from the Reasoner menu

Show Inferences




Protégé

Spatial Relations

® © @ ima 4.2.0_plus99PMPProstate (http://purl.org/sig/ont/fma_4.2.0_plus99PMPProstate.owl) : [/Users/dclunie/Documents/Medical/stuff/Codes/FMA/Plus39PMPProstate/fma_4.2.0_plus99PMPProstate.owl]

<[>

© fma_4.2.0_plus99PMPProstate (http://purl.org/sig/ont/fma_4.2.0_plus99PMPProstate.owl)

Active Ontology

Entities E Object Properties

Data Properties  Annotation Properties

Individuals OWLViz DL Query  OntoGraf

E Q. *\Transition zone*

SPARQL Query  Ontology Differences

Clos erarhyGnferred

‘Zone of perineal fascia’

‘Zone of perineal membrane'

‘Zone of prostate’
'Apex of prostate’
‘Base of prostate'
‘Central gland of prostate’
'Central zone of prostate’
'Distal part of prostate'
'Distal prostatic sphincter'
'Intermediate zone of prostate’
'Internal zone of prostate’
'Left half of apex of prostate’
'Left half of base of prostate’
'Left half of middle region of prostate’
'Left half of prostate’
'Middle region of prostate’
'Peri-urethral zone of prostate’
'Peripheral zone of prostate’
'Preprostatic sphincter’
'Prostatic utricle'
'Right half of apex of prostate’
'Right half of base of prostate’
'Right half of middle region of prostate’
'Right half of prostate’

> 'Subdivision of central zone of prostate’

> ‘Subdivision of peripheral zone of prostate’
k ivision of transition zone of p y

‘'Anterior part of left side of apical part of transition zone of prostate’

‘'Anterior part of left side of basal part of transition zone of prostate’

‘'Anterior part of left side of middle part of transition zone of prostate'

'Anterior part of right side of apical part of transition zone of prostate’

'Anterior part of right side of basal part of transition zone of pi te’

'Anterior part of right side of middle part of transition zone of pri L

'Left side of apical part of transition zone of prostate’

‘'Left side of basal part of transition zone of prostate’

'Left side of middle part of transition zone of prostate'

Poster| rt of left side of apical part of transition zone of prostate'
'Posterior part of left side of basal part of transition zone of prostate'
'Posterior part of left side of middle part of transition zone of prostate’
'Posterior part of right side of apical part of transition zone of prostate'
'Posterior part of right side of basal part of transition zone of prostate’
'Posterior part of right side of middle part of transition zone of prostate’
'Right side of apical part of transition zone of prostate’

'Right side of basal part of transition zone of prostate’
'Right side of middle part of transition zone of prostate’
'Transition zone of prostate’

Annotations
label [language: en]
Posterior part of left side of apical part of transition zone of prostate
99PIRADS  [type: string]
Apex LTZp

Equivalent To

of

'posterior to' some "Anterior part of left side of apical part of transition zone of prostate’
‘regional part of' some 'Left side of apical part of transition zone of prostate’
'Subdivision of transition zone of prostate’

SubClass Of (Anonymous Ancestor
‘has dimension' value true
dimension value "3-dimension"AAstring
‘has mass' value true
'has boundary’ value true
'has inherent 3-D shape' value true
'physical state' value "Solid"*~string

Members
Target for Key
Disjoint With
'Posterior part of right side of apical part of transition zone of prostate’

'Anterior part of left side of apical part of transition zone of prostate'

Disjoint Union OF

No Reasoner set. Select a reasoner from the Reasoner menu

Show Inferences
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shown in OntoGraf

* & 'Anterior part of

left side of ap...

ya

*  'Posterior part
of left side of...

* & 'Anterior part of
e left side gagi

VA

* @ 'Posterior part
of left side of...

* @ 'Anterior of
bt left side of pa.{ll

v

*' 4 'Posterior part
of left side of...

* o 'Anterior part of

right side of a...

LY
%

‘e ‘Posterior a.rt
of right si

!

* o 'Anterior part of

rightsideolm i

'Posteno
ol right s‘£an

* & 'Anterior part of
right side of b...

va

* @ ‘Posterior part
of right side o...

*' @ ‘Lett side of
apical part ol
~ :
* 0 'Left side of
middle part of... i
o
* 9 'Left side of
basal part of ...
* & 'Right side of
apical part of
e \
* . 'Right side of Lo b -]
middle part of...
=

* & 'Right side of
basal partof t...

* @ ‘'Left side of

transition zone...

* & 'Right side of

* & Transition zone
of prostate’

pr




N

Home

FMA browser x \ +

B

Clear display and history

is regional part of is constitutional part of
Left side of apical part of transition zone of pro:

has superclass (is a)
Subdivision of apical part of transition zone of prost

has regional part has constitutional part

° ® \ xiphoid.biostr.washington.edu/fma/fmabrowser-hierarchy.html?search=Subdivision of transition zone of prostate&entry | c Q Search

Posterior part of left side of apical part of transition
zone of prostate

is member of EMA ID

328775

PIRADSV2
Apex L TZp

has member
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Taxonomy Search
Search

Options

Search Mode: Partial
matching search mode

-

Status: Active
components only v

) Group by concept

Filter results by
Language

english o

Filter results by
Semantic Tag

body structure o

Filter results by
Module

SNOMED CT core @)
module (core
metadata concept)

IHTSDO SNOMED CT Browser

Favorites Refset

Release: International Edition 20160731 v Perspective: Full » Feedback About ¥ = §
JQisels) SNOMEDCT

Concept Details

Concept Details

o n

Type at least 3 characters ¢ Example: shou fra

sterior apical part of transition zone of left half prosta

References

3 matches found in 0.13 seconds.

Structure of
posterior apical part of
transition zone of left half
prostate

Entire posterior
apical part of transition
zone of left half prostate
(body structure)

Structure of
posterior apical part of
transition zone of left half
prostate (body structure)

Structure of posterior
apical part of transition
zone of left half prostate
(body structure)

Entire posterior apical
part of transition zone of
left half prostate (body
structure)

Structure of posterior
apical part of transition
zone of left half prostate
(body structure)

All 3 results are displayed

Details Diagram Expression Refsets Members
Parents
9 = Structure of apical part of transition zone of left half prostate (body structure)
> Structure of posterior section of prostate (body structure)

@ Structure of posterior % [ Laterality — Left

apical part of transition zone
of left half prostate (body
structure)

SCTID: 716933002

716933002 | Structure of posterior apical
part of transition zone of left half prostate
(body structure) |

Structure of posterior apical part of
transition zone of left half prostate (body
structure)

Structure of posterior apical part of
transition zone of left half prostate

Left posterior apical part of transition zone
of prostate

Children (1)

- Entire posterior apical part of transition zone of left half prostate (body structure)
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NATIONAL CANCER INSTITUTE www.cancer.gov

NCI Term Browser

Terminologies |@'E|FEETES m

E\/S Enterprise Vocabulary Services

Left posterior apical transition zone of prostat m a
/ © Contains  ExactMatch _Begins With
©OName ( Code | Property = Relationship
€Saurus Advances st

Version: 1 d (Release date: 2016-09-26)

Hierarchy | Value Sets | Visited Concepts Help

View in Hierarchy | View History | View Graph | Add to Cart | Suggest Changes

Left Posterior Apical Transition Zone of Prostate (Code C128579)

Terms & Properties Synonym Details | Relationships ™

Terms & Properties

Preferred Name: Left Posterior Apical Transition Zone of Prostate

Definition: The region of the prostate that is located on the anatomical left side of the posterior portion of the apical division of the transition zone.
Label: Left Posterior Apical Transition Zone of Prostate

NCI Thesaurus Code: C128579 (Search for linked caDSR metadata) (search value sets

Synonyms & Abbreviations: (see Synonym Details)
Apex L TZp
Left Posterior Apical Transition Zone of Prostate

External Source Codes: None

Other Properties:

Name Value (qualifiers indented underneath)
code C128579

Contributing_Source PI-RADS

Semantic_Type Body Location or Region
Additional Concept Data:

Defined Fully by Roles: No

https://nciterms.nci.nih.gov/ncitbrowser/pages/concept_details.jsf?dictionary=NCI_Tt ion=16.09d&code=C128579&ns=null&type=properties&k

y=null&b=1&n=08&vse=null
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ALT Structure of posterior apical part of transition zone of left half prostate (body structure) [A27169299/SNOMEDCT_US/FN/716933002]
AOD @ Contexts (391)
AOT
Search Results (13)

C4274100 Apical transition zone of prostate
C4273855 Right apical transition zone of prostate
C4274176 Left apical transition zone of prostate
C4274099 Right posterior apical part of transition zone
C4274131 Right anterior apical part of transition zone of
C4274173 Left posterior apical part of transition zone of
C4274174 Left anterior apical part of transition zone of
C4274127 Entire posterior apical part of transition zone|
C4274129 Entire posterior apical part of transition zone|
C4274130 Entire anterior apical part of transition zone
C4274132 Entire apical part of transition zone of left ha
C4274172 Entire anterior apical part of transition zone
C4274175 Entire apical part of transition zone of right h|
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® e pirads_euconcensus_fma_s... * \+

€ ) ® @ | hitps//docs.google.com/spreadsheets/d/1XgJpE6YhBzZkKOLfXQpeE6R8zGXB_RYkMIhoqRqF39A/edit?pli=14#gid: @ Q ncithesaurus > 4+ A wBds 20 =
David Clunie's B... ~ @ Imaging Informatic... FOSS Patents ~ Dalai's PACS Blog ~ B Life as a Healthcar... =% MotorCycleGuy Blog @ Internet Archive: ... Ahier B Moehrke »
i=|| Pirads_euconcensus_fma_snomed_umis_table ] delunie@dclunie.com ~

File Edit View Insert Format Data Tools Add-ons Help Last edit was 8 days ago Comments
& e ~ P 0§ % 0 00123~ Calibri - 12 B 7 5 A. ®-H-BH- E-4-|+- coRMY-Z-
311009
E F G H 1 dJ K L

1 FMA SRT SCTID Request ID  PIRADS v2 16 regions 27 regions DICOM Synonym

2 19387 T-93010 74308000 RSV RSV RSV Right seminal vesicle

3 19388 T-93020 42320003 LSV Lsv LSV Left seminal vesicle

4 19733 R-FFFD9 717027004 us Us (?) Us (?) Male external urethral sphincter

5 302539 RO-00017 716891004 676408 none ignored 13as Basal anterior fibromuscular stroma of prostate

6 302542 R-FFFEO 716908000 676715 none ignored 14as Middle anterior fibromuscular stroma of prostate

7 302546 RO-0001B 716925003 676732 none ignored 15as Apical anterior fibromuscular stroma of prostate

8 328773 R-FFFC1 716928001 676735 none 3a 5a Right apical transition zone of prostate

9 328769 R-FFFA9 716929009 676736 none 6a 11a Left apical transition zone of prostate

10 328761 RO-00006 716930004 676737 ApexRTZa part-of Apex R TZ (3a) part-of Apex R TZ (5a) Right anterior apical transition zone of prostate

1 328763 R-FFFF3 716932007 676739 Apex R TZp part-of Apex R TZ (3a) part-of Apex R TZ (5a) Right posterior apical transition zone of prostate

12328795 R-FFFE5 716931000 676738 Apex L TZa part-of Apex L TZ (6a) part-of Apex L TZ (11a) Left anterior apical transition zone of prostate

13 328775 R0O-00014 716933002 676740 Apex LTZp part-of Apex L TZ (6a) part-of Apex L TZ (11a) Left posterior apical transition zone of prostate

14328780 R-FFFBE 716894007 676701 none la la Right basal transition zone of prostate

15 328755 R0-00020 716895008 676702 none 4a 7a Left basal part transition zone of prostate

16 328793 R0-00000 716896009 676703 Base R TZa part-of Base R TZ (1a) part-of Base R TZ (1a) Right anterior basal transition zone of prostate

17328799 R-FFFB1 716898005 676705 Base R TZp part-of Base R TZ (1a) part-of Base R TZ (1a) Right posterior basal transition zone of prostate

18 328785 R-FFFD6 716897000 676704 Base L TZa part-of Base L TZ (4a) part-of Base L TZ (7a) Left anterior basal transition zone of prostate

19 328789 R-FFFB7 716899002 676706 Base L TZp part-of Base L TZ (4a) part-of Base L TZ (7a) Left posterior basal transition zone of prostate

20 328757 R-FFFB6 716911004 676718 none 2a 3a Right middle transition zone of prostate

21 328762 R-FFFD5 716912006 676719 none 5a 9a Left middle transition zone of prostate

22 328800 R-FFFF4 716913001 676720 Mid R TZa part-of Mid R TZ (2a) part-of Mid R TZ (3a) Right anterior middle transition zone of prostate

23 328787 R-FFFC9 716915008 676722 Mid R TZp part-of Mid R TZ (2a) part-of Mid R TZ (3a) Right posterior middle transition zone of prostate

24 328784 R0O-00013 716914007 676721 Mid L TZa part-of Mid L TZ (5a) part-of Mid L TZ (9a) Left anterior middle transition zone of prostate

25 328786 R-FFFAB 716916009 676723 Mid L TZp part-of Mid L TZ (5a) part-of Mid L TZ (9a) Left posterior middle transition zone of prostate

26 328802 R0O-00018 716902004 676709 none 2p none Right basal peripheral zone of prostate

+ = pirads_euconcensus_fma_snomed_u Sum: 718249526 = Explore
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CEEES %6107 iy () & | 8 ® [1a7% |- ,%‘Ejl:]w ¢ I = = @ - [TimesRoman ¢l 10 -k B S D ER R
CP-1592 - Add codes for prostatic sector anatomy Page 3
Table CID n001. Prostate Sector Anatomy from PI-RADS v2
Coding | Code Value Code Meaning SNOMED-CT | UMLS FMA ID PI-RADS v2 NCI
Scheme Concept ID | Concept Abbreviation | Thesaurus
Designator Unique ID

SRT R-FFFFC |Central zone of left half 716901006 302475 Base L CZ C128587
prostate

SRT R-FFFDO |Central zone of right half 716900007 302473 Base RCZ C128593
prostate

SRT R0-00025 |Left anterior apical peripheral | 716937001 328760 Apex L PZa C128575
zone of prostate

SRT R-FFFE5 |Left anterior apical transition 716931000 328795 Apex L TZa C128578
zone of prostate

SRT R0-00001 |Left anterior basal peripheral 716905002 328753 Base L PZa C128588
zone of prostate

SRT R-FFFD6 |Left anterior basal transition 716897000 328785 Base L TZa C128589
zone of prostate

SRT R-FFFBO |Left anterior middle peripheral| 716920008 328768 Mid L PZa C128600
zone of prostate

SRT R0-00013 |Left anterior middle transition | 716914007 328784 Mid L TZa C128603
zone of prostate

SRT R-FFFDF |Left apical anterior 716927006 328772 Apex L AS C128574
fibromuscular stroma of

I
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6 i) | dicom.nema.org/medical/dicom/current/output/chtmi/part16/sect_CID_6301.html

= MotorCycleGuy Blog

Internet Archive: ...

c Search
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DICOM PS3.16 2016e - Content Mapping Resource

CID 6301 Prostate Sector Anatomy from PI-RADS v2

Prev || B DCMR Context Groups (Normative) ” Next
PS3.16 > DCMR Context Groups (Normative) > Prostate Sector Anatomy from PI-RADS v2
CID 6301 Prostate Sector Anatomy from PI-RADS v2
Note
From [PI-RADS v2].
Type:
Extensible
Version:
20161106
Table CID 6301. Prostate Sector Anatomy from PI-RADS v2
Coding Scheme Code Code Meaning SNOMED-CT UMLS Concept FMA PI-RADS v2 NCI
Designator Value Concept ID Unique ID ID Abbreviation Thesaurus
SRT R-FFEFC | Central zone of left half prostate 716901006 302475 |Base L CZ C128587
SRT R-FFFDO | Central zone of right half prostate yal 7 2473 | Base R CZ C128593
SRT R0-00025 | Left anterior apical peripheral zone of 716937001 328760 | Apex L PZa C128575
prostate
SRT R-FFFE5 | Left anterior apical transition zone of 716931000 328795 | Apex L TZa C128578
prostate
SRT R0-00001 | Left anterior basal peripheral zone of 716905002 328753 | Base L PZa €128588
prostate
SRT R-FFFD6 | Left anterior basal transition zone of 716897000 328785 |Base L TZa C128589
prostate
SRT R-FFFBO | Left anterior middle peripheral zone of 716920008 328768 | Mid L PZa C128600
prostate
% [ Q prostate "~ [~ | HighlightAll MatchCase  WholeWords 1 of 8 matches




Conclusions

PI-RADS V2 and EU Consensus sector anatomy now coded in
FMA, SNOMED CT and NCI Thesaurus

DICOM now includes values sets and codes for all three
schemes — usable in Structured Reports and Segmentations

UMLS will inherit since it regularly incorporates SNOMED CT,
FMA and NCI Thesaurus

RadLex expected to follow soon

FMA and SNOMED CT include partology, and FMA includes
spatial relationships — allows for interrogation of common
parents and attributes
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