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To the C
G

W
G

 FH
IR

 Subgroup,

I’ve sprinkled in com
m

ents (in blue) 
touching on a num

ber of the things 
that Am

non covered in his 
presentation yesterday. s far as they 
go, I hope m

y com
m

ents are clear 
and constructive 

There’s m
uch food for thought in 

Am
non’s docum

ent, both his critique 
and his list of future expansion. M

y 
general takeaw

ay is that changes that 
w

ill —
 and should —

 happen to arrive 
at STU

4 should reflect a com
bination 

of absorbing internal contributions 
such as Am

non’s and feedback from
 

real-w
orld pilots sites. W

e’d really be 
rem

iss not to take both into account to 
craft a better STU

4 specification!

So onw
ard …

D
avid Kreda

david.kreda@
gm

ail.com



Should Sequence be a resource?

This issue should be exam
ined by tw

o m
ain 

criteria sets:

1.Dom
ain requirem

ents and 
dom

ain inform
ation m

odeling

2.FHIR requirem
ents for 

creating a new
 resource



Dom
ain requirem

ents and respective 
inform

ation m
odeling

•
Can a Sequence resource naturally represent non-sequencing data 
sets, e.g., cytogenetics, expression data, m

ass spec data for 
proteom

ics, etc.?

•
If Sequence is the only base resource in FHIR in the om

ics dom
ain, 

how
 could the other types of om

ics data be represented?

•
N

eed a m
ore basic &

 com
m

on structure, e.g., genetic/genom
ics locus

•
Then, any type of om

ics data could profile that base resource
•

And thus –
share a com

m
on sem

antics

The initial target of Sequence encom
passed D

N
A, R

N
A, and AA.

O
ther types of data, involving sequencing w

ith other dim
ensions m

ight be a stretch.

A sensible aspiration, though w
e should w

ant several exam
ples to see w

hat this m
eans in practice.

And w
e w

ill w
ant to show

 that w
e can avoid creating a profusion of new

 profiles that w
ould tyrannize im

plem
enters over sm

all differences!

N
otably, EH

R
 vendors have said that profile proliferation is im

practical for them
 to do.



FH
IR requirem

ents for creating a base 
resource (Resource appropriateness*)

Does the resource m
eet the follow

ing characteristics?

•
M

ust
x

Represents a w
ell understood, "im

portant" concept in the business of healthcare
x

Represents a concept expected to be tracked w
ith distinct, reliable, unique ids

x
Reasonable for the resource to be independently created, queried and m

aintained

•
Should
x

Declared interest in need for standardization of data exchange
x

Resource is expected to contain an appropriate num
ber of "core" (non-extension) data 

elem
ents (in m

ost cases, som
ew

here in the range of 20-50)

x
Have the characteristics of high cohesion &

 low
 coupling –

need to explore w
hether coupling 

is good som
e places, not elsew

here –
layers from

 Bo’s docum
ent

http://w
iki.hl7.org/index.php?title=Tem

plate:FHIR_Resource_Proposal
*

✔
 

✔
 

✔✔✔

Som
ew

hat challenging to “know
” in the abstract. 

Q
uick review

 w
here

✔
 = Sequence satisfies characteristic 



FH
IR requirem

ents for creating a base 
resource are not m

et
•

The proposed Sequence resource is a m
ixed-bag of sequences, 

variants, structure variants and m
ore

•
The criterion of “high cohesion” is not m

et

•
The proposed Sequence resource includes variants found by N

GS

•
The criteria of “reliable” (and “naturally identifiable” per correspondence 
w

ith Lloyd M
cKenzie) are not m

et

•
Also because of the com

plexity of a sequence referenced from
 a sequence 

but not reusing the sam
e structure (i.e., Sequence points ReferenceSeq)

A m
ixed bag is not unique to Sequence.

FH
IR

 is not about perfect norm
alization.

It aim
s to satisfy real w

orld needs & looks to 
im

plem
enters to see w

hat is practical and 
effective! 
(Stashing stuff in non-genom

ic O
bservation 

profiles, for exam
ple, is very FH

IR
-like.)

D
oes D

N
A sequence data not qualify as the m

ost naturally identifiable hum
an data. And 

the reliable part seem
s a function of now

 pretty good lab technology. W
hat am

 I m
issing?

A reference sequence should be representable in the sam
e m

anner as a specim
en-observed sequence.

But if this is actually a problem
 in the STU

3 spec, is it insuperable to “fix” w
ith a tw

eak?



Sequence design principles

•
Sequence should hold m

erely sequence data (observed, reference,…
)

•
Sequence should not contain any inform

ation that is the result of 
dow

nstream
 analysis (i.e., beyond assem

bly of the sequence itself)
•

Sequence should include m
etadata about the sequence, e.g., quality, 

provenance, pointer to repository holding the full sequence, etc.
•

Sequence could encapsulate (inline) a sequence portion if it’s key to 
its association to phenotype  and not larger than lim

its posed by FHIR 
•

In w
hich case, native form

ats (i.e., any bioinform
atics form

at com
m

only used 
in the industry to represent sequences) should be used

•
HL7 Sequence should not provide yet another form

at to represent sequences 

D
oes that m

ean that Sequence should represent data in legacy form
ats that force N

G
S / W

G
S results to be represented in com

putationally inefficient w
ays, e.g., that w

ould disadvantage routine re-analysis?



Long &
 short term

 changes -Sequence

•
As aforem

entioned it is proposed to design a m
ore basic and com

m
on 

resource to all om
ics data types, so that Sequence can be a profile 

over that basic resource (e.g., locus)

•
In the short term

, if this proposal is not accepted, then it is proposed 
to m

ake changes in the Sequence resource that are valid even if 
Sequence is designed as a profile (see next slide)

Per m
y com

m
ent on slide 3, som

e elem
entary profiles w

ould be useful to show
 the bang-for-the-buck of such an abstraction.

It IS a change, but not rem
otely a big change nor calam

ity for im
plem

enters. That is, if the case can be m
ade on the m

erits, 
adjusting should not be hard: STU

3 Sequence resource now
 is an STU

4 SequenceO
m

ics-profile on an STU
4 O

m
ics resource.

Perspective: I believe that pilot im
plem

enter of STU
3 w

ill request other changes that are m
ore disruptive in fact to better suit 

their real w
orld needs. But w

e should w
elcom

e that m
ostly if this allow

s us to graduate our w
ork to FM

M
2.



Sum
m

ary of proposed changes -Sequence
•

Rem
ove:

M
ove the follow

ing elem
ents (including their nesting elem

ents/attributes) from
 the Sequence resource to 

the O
bservation-genetics profile:

•
ReferenceSeq

•
Variant 

•
Repository.variantSetId

•
StructureVariant

•
Change:
Change the attribute nam

e “observedSeq” to “sequence” 
•

Constrain:
sequence (nam

e changed from
 observedSeq)

•
This attribute is currently of type string, but it should be constrained to a com

m
on bioinform

atics form
at for sequences as 

described above
•

A num
ber of com

m
on form

ats could be allow
ed

•
A bioinform

atics form
at could be constrained in its usage w

ithin this attribute

•
Add:•

Add a category attribute to define if a Sequence instance is an observed sequence or a reference sequence
•

Alternatively, this addition can be avoided, by looking at the attributes ‘patient’ or ‘specim
en’ –

if they are populated then 
this is an observed sequence, otherw

ise it's a reference sequence of som
e kind (determ

ined by other attributes)

Step 1. Let’s cross-check this w
ith the reconciled STU

3 to see w
hich of Am

non’s STU
3 com

m
ents have 

already been accepted.

Step 2. Then w
e can review

 the rest and see w
hat “organically” can occur as w

e evolve the C
urrent Build.

I don’t favor allow
ing a  logical test of “em

ptiness” to tell us w
hat’s in the payload.

Som
ething this fundam

ental should not be left to dow
nstream

 im
plem

enters (and m
istakes)!

Per m
y com

m
ents on slide 6, dropping string is (IM

O
) not N

G
S-friendly.



Variants are everyw
here…

•
Variants appear in both 

•
Sequence (resource) 

•
Variant

•
variantId

(in staging site: variantSetId)
•

StructureVariant(rem
oved in staging site)

•
O

bservation-genetics (profile)
•

DN
A change

•
Am

ino acid change
•

m
ore

•
Propose to consolidate all inform

ation about a variant 
in one structure (‘Genom

icsO
bservation’ profile)

M
using: VC

F carries low
-level “interpretive” inform

ation, 
i.e., they call out variants. If legacy form

ats m
ix data 

and interpretation (and they do by design), legacy 
bioinform

atics form
ats m

ay be said to violate inherently 
any rule w

e w
ould set that w

ould separate data from
 

interpretation. M
aybe w

e can’t serve both 
sim

ultaneously???

The controversy/history of this topic is as follow
s:

W
e did ourselves no favor som

e w
hile ago in thinking 

w
e could (am

ong other things) optim
ize payload size in 

Sequence by allow
ing using variant codes to represent 

data. This helped create the im
pression - even reality - 

that the STU
3 resource looks like a “m

ixed” bag

G
iven the choice of having to stick to one form

at w
ith 

zero confusion, I w
ould favor doing strings for 

Sequence (resource or profile). Then, IF there is 
pragm

atic griping from
 im

plem
enters, deal w

ith it.



Variants

•
Variants in the Sequence resource should be rem

oved
•

In particular, per the specification, Sequence variants are m
eant to represent the sequence 

and are not intended to represent clinical-related data
•

The above is an attem
pt to suggest new

 form
ats for sequencing, w

hich is out-of-scope for 
HL7 Clinical Genom

ics, and in addition adds yet another form
at to several existing form

ats in 
bioinform

atics

•
All inform

ation relating to variants should be held in one placeholder;
best is in the Genom

ics O
bservation profile

•
In principle, variant’s interpretations should not be held as part of the variant, 
how

ever, since the ‘observation-geneticsInterpretation’ extension has been 
restructured as a reference to a related observation, this could stay, assum

ing:
•

The use of the base O
bservation.interpretation

attribute is explicitly disallow
ed

•
Extension points to a related Genom

icsPhenotype
(O

bservation profile –
TBD) 

*** I address w
hat the C

G
W

G
 call raised during Q

&A: the recom
m

endation is to treat O
bservation as the place for base level “inform

ation” 
about variants only and m

ove “higher level” clinical interpretation to another resource. It is offered to avoid yet another “m
ixed bag” (etc.) 

payload. The intent of the idea is a good one. I don’t know
 how

 O
bservation is treated elsew

here —
 other groups m

ay AO
K w

ith being “sloppy” 
or m

aybe they sim
ply do not have the challenge of so m

any layers! Anyw
ay, w

hile I am
 in favor of “bright line” boundaries as proposed, they 

have to be reliably reproducible by real w
orld im

plem
enters. C

an such boundaries be reliably seen so that im
plem

enters are not flipping a coin?

See relevant com
m

ents on slides 6, 8, and 9

See above ***



DiagnosticReport-genetics

•
Genom

ics tests are not necessarily diagnostic (e.g., carrier, prenatal, HLA)
•

Therefore, propose to call this profile -“Genom
icsTestReport”

•
Propose to stick to ‘genom

ics’ assum
ing genetics is included in genom

ics

•
Interpretation of an entire genetic test is held in this profile, 
as follow

s: 
•

The use of FHIR DiagnosticReport.conclusion
&

 codedDiagnosisattributes 
should be disallow

ed
•

The DiagnosticReport-geneticsAnalysisextension attribute holds the 
‘integrated’ interpretation of all variants in a genetic test (or any other 
observations done as part of the test) 

•
This extension should point to a related Genom

icsPhenotype
(profile -TBD)



Future w
ork -adding docum

ent &
 phenotype

•
Introducing a docum

ent structure
•

Port the HL7 Genetic Testing Report (CDA-based) to FHIR
•

GTR consists of sections; m
ain section type represents a genom

ics test
•

by pointing to a Genom
icsTestReportprofile (currently -DiagnosticReport-Genetics)

•
GTR also has sum

m
ary, test-background-info sections and m

ore context
•

The sum
m

ary section consists of an overall interpretation, sum
m

arizing 
several Genom

icsTestinterpretations in a study (e.g., hearing loss)

•
Develop a m

ore robust and expressive m
odel for phenotypes

•
‘Phenotype statem

ent’ involving conditions, m
edications, etc.

•
Extend the related observation value set to represent ‘gen-phen’ sem

antics

I favor these suggestions but note that docum
ents are harder to query than atom

ic elem
ents,, M

oreover, reports are (or s/b) “synthetic” com
binations 

of elem
entary FH

IR
 payloads, so it should be possible for a sim

ple program
 to m

ake other FH
IR

 API calls and assem
ble the payloads for any of these 

proposed reports. W
e could consider the fallback that a good enough (open source) FH

IR
-based report w

riter that post-coordinates report production.
 



class FH
IR

-G
enom

ics

G
enom

icsTestR
eport

- 
result: R

eference(G
enom

icsO
bservation)

- 
test_interpretation: R

eference(G
enom

icsP
henotype)

G
enom

icsO
bserv

ation

- 
type = variant

- 
sequence: R

eference(S
equence)

- 
variant_interpretation: R

eference(G
enom

icsP
henotype)

O
bserv

edS
equence

- 
type = observed

- 
sequence_link: U

R
L

- 
encapsulated_sequence: bioinform

atics form
at G

enom
icsS

tudyR
eport

- 
confidentiality

- 
author

- 
attester

- 
custodian

C
om

position

R
eferenceS

equence

- 
type = reference

- 
sequence_link: U

R
L

G
enom

icsTestR
eportsS

ection

- 
entry: R

eference(G
enom

icsR
eport)

- 
ordered_test

- 
perform

ed_test

S
um

m
aryS

ection

- 
overall_interpretation

- 
indications

- 
recom

m
endations

S
equence

D
iagnosticR

eport

O
bserv

ation

FH
IR

 R
esources

B
ackgroundInform

ationS
ection

- 
description: string

- 
scientific_citations

G
enom

icsP
henotype

O
m

icsLocus

FH
IR

-P
rofiles

0..*

0..*
0..1

0..*

0..*

0..*

R
elatedG

enom
icsO

bservation

0..1

0..1
0..*

0..1
•

Genom
icsStudyReportdocum

ent 
includes m

ultiple genetic tests and 
sum

m
ary w

ith overall interpretation

•
Genom

icsTestReportrepresents a 
single genetic testing and holds its 
interpretation

•
Variants reside solely in Genom

ics 
O

bservation, optionally pointing to 
observed and reference sequences

•
Sequence can be both observed or 
reference, using the sam

e construct 

The proposed roadm
ap

* Skeletal &
 conceptual m

odel, for illustration only

G
enom

ics
Study

Docum
ent

Genom
ics

Test
Report

G
enom

ics
Phenotype

G
enom

ics
Study

Sum
m
ary

G
enom

ics
O
bservation

O
bserved

Sequence
Reference
Sequence

Sam
e 

Phenotype 
construct is 

shared by the 
three levels of 
interpretation

This dem
onstrates 

how
 light w

eight 
D

IM
 w

ork could 
guide specifications 
w

ithout having to 
w

ait for a com
plete 

or perfect m
odel. 

This w
ould strike the 

right balance 
betw

een m
odelers 

and G
TD

 (“getting 
things done”)
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Exam
ple: 

H
earing Loss Panel

Source: Iow
a Head and N

eck Protocols

•
A panel is actually a study, sim

ilarly 
to the notion of study in m

edical 
im

aging 
•

The study docum
ent can hold the 

context in the best w
ay

•
A docum

ent can also be easily 
exchanged

•
Attestation (&

 signatures) and other 
‘m

edical records’ prosperities are 
explicity

represented  



ARU
P Hearing Loss N

onsyndrom
ic

Panel

1.
GJB2 –

Sequencing

2.
GJB6 -2 Deletions 

3.
M

itochondrial DN
A -2 M

utations

http://ltd.aruplab.com
/Tests/Pub/2001992

HL7 CDA-based Im
plem

entation Guide



ARU
P H

earing Loss N
onsyndrom

ic
Panel

Exam
ple results (as used in H

L7 v2 and G
TR)

Genom
ics Study Docum

ent
-

Test sections
-

O
verall interpretation: inconclusive

Genom
ics Test Report

-
GJB2 gene sequencing test inform

ation
-

Test interpretation: Inconclusive

Genom
ics O

bservation
-

GJB2 m
utation: V37I

-
Interpretation: Pathogenic

Genom
ics O

bservation
-

GJB2 m
utation: V27I

-
Interpretation: Benign

Genom
ics Test Report

-
GJB6 gene deletions test inform

ation
-

Test interpretation: N
egative

Genom
ics Test Report

-
M

itochondrial M
TTS1&

M
TRN

R1 test info
-

Test interpretation : N
egative



Studies get com
plex…

 e.g., O
toG

enom
e™

 

•
The O

toGenom
e™

 Test targets individuals w
ho have a diagnosed 

hearing loss w
hose underlying etiology has not yet been identified

•
Goals &

 context expand to hearing loss and related syndrom
es

•
O

toGenom
e™

 Test includes 87 Genes



HLA study exam
ple

Genom
ics Study Docum

ent
-

Title: Bone m
arrow

 donor m
atch study

-
Confifentiality

-
Author: N

M
DP

Genom
ics Test Report

-
Perform

er: ACM
E labs, Inc

-
M

ethod: N
extGeneration

Sequencing of exons 2 and 3 of HLA Class I genes
-

Subject: patient

Genom
ics O

bservation
-HLA-A

Sequence
-

Reference sequence

Genom
ics O

bservation
-

HLA-A Allele 1: HLAA*01:01:01:01
-

Allele assignm
ents based on IM

GT/HLA 3.23

Genom
ics O

bservation
-HLA-B

Genom
ics O

bservation
-HLA-C

Genom
ics O

bservation
-

HLA-A Allele 2: HLAA*01:02
-

Allele assignm
ents based on IM

GT/HLA 3.23

Sequence
-

Exon2 obs. sequence
Sequence

-
Exon3 obs. sequence

Sequence
-

Exon2 obs. sequence
Sequence

-
Exon3 obs. sequence

Genom
ics Test Report

-
Subject: donor

This assum
es all HLA alleles 

w
ere tested using the sam

e 
m

ethod, otherw
ise, each 

should be in a separate report

This assum
es all exons are checked 

against the sam
e reference, otherw

ise, 
each should be in a separate observation

This docum
ent assesses the m

atch 
betw

een patient and donor


