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B
egin w

ith the end in m
ind 

• 
R

ender pathology data to com
putable form

s for patient care at the point of 
care 
 

• 
R

ender genom
ics data to com

putable form
 for use at the point of care 

 for patient care 
 

• 
C

apture data in pathology and genom
ics at the point of care to support new

 
discovery at the bench 
 

• 
B

ring bench discovery back to the point of care to support patient care 

 

It	is	about	the	pa-
ent	and	aiding	

the	pa-
ent	and	care	team

	to	
m
ake	inform

ed	decisions	



M
ultiple U

se C
ases 

C
ancer treatm

ent planning 
 P

recision m
edicine research project 

planning  
 Laboratory risk and safety m

anagem
ent 

 R
etrieving biobank tissue for research 

protocols 
  



Tangible Exam
ples 

C
ancer treatm

ent planning:   
• 

C
olon cancer w

ith B
R

A
F V

600E
 m

utation and K
R

A
S

 m
utation in codon 12.  

A
nti-E

G
FR

 therapy contraindicated.  
 

R
esearch Project Planning:   

• 
H

ow
 m

any healthy patients do w
e have that are B

R
C

A
1 or B

R
C

A
2 positive 

• 
R

etrieve all breast cancer cases that tested E
R

-, P
R

- and H
er2/neu 

 M
edical-legal, com

pliance and safety: 
• 

R
ecall of all cancer cases for treatm

ent review
 w

ith (form
erly thought 

insignificant) som
atic gene sequence variant reported 

• 
A

ccreditation requirem
ents for m

olecular laboratories. 

Tissue B
iobank A

pplications: 
• 

Find all m
alignant neoplasm

s of any origin tested for B
R

A
F m

utation A
N

D
 

reported positive for lym
phatic m

etastases. 
   



Term
inology Im

plem
entation 

R
equirem

ents 
• C

onform
 to the current E

H
R

 ecosystem
 

 
• Incorporation into natural w

orkflow
s of providers 

• U
pstream

 system
s 

• P
oint of care 

• N
on-intrusive 

 
• S

upport prim
ary and secondary uses of data 



EH
R

 Technology 
• W

hat it is: 
• 

P
atient-centric 

• 
E

ncounter based 
• 

Longitudinal M
edical R

ecord 
• 

Transactional 
• 

B
illing orientation 

 
• W

hat it can be: 
• 

Integrated patient-centric data 
• 

B
asis for clinical decision support 

• 
P

opulation m
anagem

ent 
 

• R
equirem

ents (Just a few
…

) 
• 

S
tandards 

• 
S

tandard use of standards 
• 

S
ystem

 Integration/Interoperability 
 



H
istopathology R

eporting E
volution 

B
asic

 
 

 
 

 
 

 
 

 
 

 
 A

dvanced 

Level	1	-	
N
arra-

ve	
Level	2	–	
N
arra-

ve	
w
ith	

required	
data	
elem

ents	

Level	3	–	
N
arra-

ve	
w
ith	

required	
data	
elem

ents	
in	
Synop-

c	
form

at	

Level	4	–	
Level	3	
plus	
electronic	
user	
interface	
for	data	
entry	

Level	5	–	
Level	4	
plus	
structured	
language	
and	
discrete	
data	
capture	

Level	6	–	
Level	5	plus	
all	data	
encoded	in	
m
achine	

readable,	
standard	
term

inology	

1.	Srigley	JR,	M
cG

ow
an	T,	M

aclean	A
,	Raby	M

,	Ross	J,	Kram
er	S,	et	al.	

Standardized	synop-
c	cancer	pathology	repor-

ng:	a	popula-
on-based	

approach.	J	Surg	O
ncol.	2009	Jun	15;99(8):517-24.	

Level	7-	
Sem

an-
c		

interoperabi
lity	



S
am

ple P
athology R

eports (1990 – 2005); Level <3 

I: P
ancreatic resection w

ith adherent duodenal 
resorption (m

easuring 11 cm
), ventricular 

resorption (m
easuring approxim

ately 5 cm
), and 

gall bladder, m
acroscopic u a. P

ancreatic 
resection approxim

ately 8 x 4 cm
, w

ith a 3 x 3 
cm

 tum
or, cut and chopped and constricted 

choledochus and pancreatic cancer. 
 H

istologically, the corresponding tum
or, 

infiltratively grow
ing atypical gland form

ations, is 
seen. C

ylindrical gland epithelium
 w

ith nuclear 
stratification, enlarged hyperchrom

atic cell nuclei 
and m

itosis. C
entral tum

or necrosis. P
icture as 

in m
edium

 differentiated adenocarcinom
a. 

M
acroscopically and w

ith taken histological cuts, 
radically excited w

ith narrow
 but free m

argin 
against the retinal vena porta. (B

). The m
edi 

preparation contains a reactive lym
ph node. 

 

I (1): 7.7 cm
 ventricle w

ith …
until the papilla. C

ontinuous 
8.5 x 2.5 cm

 gallbladder. 2.5 x 3 x 2 cm
 yellow

-w
hite 

tum
or-like change, grow

ing partially in the pancreatic 
head against the duodenal m

ucosa and choledochus 
and papilla vateri. 
The ventricular free ducts, duodenum

, leftover pancreatic 
tissue and choledochus w

ithout detectable tum
or grow

th. 
In the gall bladder, m

icroscopic focal hyperplastic 
m

ucosa and signs of chronic cholecystitis w
ith 

lym
phocytic infiltration are observed. N

o signs of 
m

alignancy in the gall bladder. 
S

im
ilar to the m

acroscopic tum
or, a m

edium
 to focal low

 
differentiated adenocarcinom

a is seen that grow
s under 

the duodenal m
ucosa and into the pancreatic head w

ith 
large necrotic areas and desm

oplastic connective tissue 
form

ation. …
com

prised of m
ajor tubular form

ations, 
m

eans that one should prim
arily suspect the outcom

e of 
proxim

al choledochus or pancreatic cancer. B
iggest 

tum
or size 2.5 x 2.2 cm

. D
istance to the nearest travel 

area 1.6 cm
. 

In fraction I, 21 tum
or-free lym

ph nodes are found. In 
addition, tw

o tum
or tum

ors of tum
or grow

th per 
continuitatem

 from
 the tum

or. 
T3 N

0 M
X

. 

Exam
ples	–	Courtesy	of	Carlos	Fernandez	M

oro,	
Karolinska	Ins-

tute	



S
am

ple P
athology R

eport – 2017 (Level 4) 

Type of preparation: 
– 

W
hipple	

M
icroscopic assessm

ent 
O

rigin: P
ancreas 

H
istological Type: D

uctal A
denocarcinom

a, w
ith partial 

foam
y gland pattern 

D
ifferential rate: w

ell to m
oderate 

C
orrected tum

or size: 
– 

Craniocaudal:	3.1	cm
	(Slices	2	to	8)	

– 
A
xial:	3.7	x	2.2	cm

	(in	large	sec-
on	Z	/	disc	6).	

Tum
or grow

th in neighboring organs / structures: 
– 

The	m
ajor	part	of	the	tum

or	grow
s	in	the	cranial	

and	central	regions	of	the	pancrea-
c	head.	

– 
Tum

or	invades	the	peripancrea-
c	fat	-

ssue,	the	
bile	duct	and	extensively	the	duodenal	w

all,	
focally	up	to	the	m

ucosa.	
Tum

or show
s intensive vascular invasion / spread as 

w
ell in venous and lym

phatic vessels. 
Lym

ph vessel grow
th: extensive invasion present 

Vascular invasion: extensive invasion present in 
m

ultiple m
edium

-sized veins, partially w
ith intralum

inal 
tum

or and partially obliterated. 
Perineural invasion: present 
D

istance from
 tum

or to nearest area of travel: 
– 

Tum
or	cells	present	focally	<1	m

m
	from

	cranial	
(lig.	H

epatoduodenal)	and	posterior	m
argins	

R
egional lym

ph nodes: 
W

ith m
etastasis: 5 (including 1 from

 com
plem

entary 
preparations T 794-17) 
Total: 17 (including 1 from

 S
upplem

entary P
reparations 

T 794-17) 
subfractionation: 

– 
0/3	inferiora	

– 
1/4	anteriora	

– 
0/1	against	SM

Es	

– 
2/2	against	SM

A
	

– 
1/1	periductala	

– 
0/3	om

ent	

– 
1/2	sta-

on	8A
	(from

	prepara-
on	T794-17)	

The m
ajor part of the tum

or grow
s in the cranial and 

central regions of the pancreatic head. 
– 

W
ith	m

etastasis:	0	

Exam
ples	–	Courtesy	of	Carlos	Fernandez	M

oro,	
Karolinska	Ins-

tute	



A
P 

Exam
ple:  

M
icroscopic 

local 
invasion of 
colon tum

or 



Exam
ple Value set 

D
irect	extension	of	colon	tum

or	
785953131000004104|Status	of	m

icroscopic	invasion	of	excised	colon	
neoplasm

	(observable	en-
ty)	

		
		

Tum
or	invasion	cannot	

be	assessed	
87100004	|	Topography	unknow

n	
(body	structure)	|	

		
		

N
o	evidence	of	prim

ary	
tum

or	
21229009	|	Topography	not	assigned	
(body	structure)	|	

		
		

Carcinom
a	in	situ,	

intraepithelial	
42978003	|	Colonic	epithelium

	(body	
structure)	|	

		
		

Carcinom
a	in	situ,	

invasion	of	lam
ina	

propria	

113284008	|	Colonic	lam
ina	propria	

(body	structure)	|	

		
		

Tum
or	invades	

subm
ucosa	

61647009	|	Colonic	subm
ucosa	(body	

structure)	|	

		
		

Tum
or	invades	

m
uscularis	propria	

41948009	|	Colonic	m
uscularis	propria	

structure	(body	structure)	|	

		
		

Tum
or	invades	through	

the	m
uscularis	propria	

into	the	subserosa	or	
into	non-peritonealized	
pericolic	or	perirectal	
-
ssue	

52010009	|	Colonic	subserosa	(body	
structure)	|	

		
		

Tum
or	penetrates	

serosa	
90132000	|	Colonic	serosa	(body	
structure)	|	

Value	set	of	answ
ers	



Im
plem

entation - Term
s B

ound 
to C

oPath®
 for Pathologist 



R
esultant R

eport 



C
oPath®

 Structured A
P 

Synoptic R
eports 

M
SH

|^~\&
|CO

PA
TH

|CO
PA

TH
|EPIC||2017N

N
N
N
||O

RU
^R01||P|2.3.1		

PID
|1||2529400||N

A
M
E^^^||1968N

N
N
N
|M

||W
|A

D
D
RESS||	

PV
1|1||3BE||||||||||||||^N

A
M
E||TCE	

O
BR|1||SN

N
-N
N
N
N
^CoPathPlus|EXA

M
^EXA

M
|||||A

|^RIG
H
T	CO

LO
N
|N

N
N
N
N
N
|||||F		

O
BX|2|CW

E|721754191000004103^Colon-M
argins:	D

istal^SCT||369708000^D
istal	m

argin	
uninvolved	by	invasive	carcinom

a^SCT||||||F		
O
BX|3|CW

E|200661231000004105^Colon-Specim
en(s)	included	in	case^	SCT||

32713005^Cecum
^SCT||||||F		

O
BX|4|CW

E|661259881000004105^Cancer	Treatm
ent	Eff

ect^SCT||997170731000004106^N
o	

prior	treatm
ent^SCT||||||F		

O
BX|5|CW

E|669509521000004104^Cancer	Perineural	Invasion^SCT||370051000^Perineural	
invasion	absent^SCT||||||F		
O
BX|6|CW

E|384625004^Prim
ary	Tum

or	(pT)	Category^SCT||395707006^pT3:	Tum
or	invades	

through	the	m
uscularis	propria	into	pericolorectal	-

ssues^SCT||||||F		
O
BX|7|CW

E|371497001^Colon-D
istant	M

etastasis	(pM
)^SCT||17076002^pM

X:	Cannot	be	
assessed^SCT||||||F		
O
BX|9|CW

E|200661231000004105^Colon-Specim
en(s)	included	in	case^SCT||

66754008^A
ppendix^SCT||||||F		

O
BX|10|CW

E|200661231000004105^Colon-Specim
en(s)	included	in	case^SCT||

9040008^A
scending	colon^SCT||||||F		



EH
R

 Technology - G
enom

ics 
• W

hat it is: 
• 

P
atient-centric 

• 
E

ncounter based 
• 

Longitudinal M
edical R

ecord 
• 

Transactional 
• 

B
illing orientation 

 
• W

hat it can be: 
• 

Integrated patient-centric data 
• 

B
asis for clinical decision support 

• 
P

opulation m
anagem

ent 
 

• R
equirem

ents (Just a few
…

) 
• 

S
tandards 

• 
S

tandard use of standards 
• 

S
ystem

 Integration/Interoperability 
 



W
ho anticipated this? 

  ##fileform
at=V

C
Fv4.1                        

##fileD
ate=20140305 

##vcfversion=1.2 
##vcfP

rocessLog=<InputV
C

F=file1.vcf,InputV
C

FS
ource=caller1,InputV

C
FVer=1.0,InputV

C
FP

aram
=a1,b,InputV

C
FgeneA

nno=anno1.gaf> 
##reference=ftp://ftp.ncbi.nih.gov/genbank/genom

es/E
ukaryotes/vertebrates_m

am
m

als/H
om

o_sapiens/G
R

C
h37/special_requests/G

R
C

h37-lite.fa 
##contig=<ID

=20,length=62435964,assem
bly=B

36,m
d5=f126cdf8a6e0c7f379d618ff66beb2da,species="H

om
o sapiens",taxonom

y=x> 
##phasing=partial 
##IN

FO
=<ID

=N
S

,N
um

ber=1,Type=Integer,D
escription="N

um
ber of S

am
ples W

ith D
ata"> 

##IN
FO

=<ID
=D

P,N
um

ber=1,Type=Integer,D
escription="Total D

epth"> 
##IN

FO
=<ID

=A
F,N

um
ber=A

,Type=Float,D
escription="A

llele Frequency"> 
##IN

FO
=<ID

=A
A

,N
um

ber=1,Type=S
tring,D

escription="A
ncestral A

llele"> 
##IN

FO
=<ID

=D
B

,N
um

ber=0,Type=Flag,D
escription="dbS

N
P m

em
bership, build 129"> 

##IN
FO

=<ID
=H

2,N
um

ber=0,Type=Flag,D
escription="H

apM
ap2 m

em
bership"> 

  ##FILTE
R

=<ID
=q10,D

escription="Q
uality below

 10"> 
##FILTE

R
=<ID

=s50,D
escription="Less than 50%

 of sam
ples have data"> 

  ##FO
R

M
AT=<ID

=G
T,N

um
ber=1,Type=S

tring,D
escription="G

enotype"> 
##FO

R
M

AT=<ID
=G

Q
,N

um
ber=1,Type=Integer,D

escription="G
enotype Q

uality"> 
##FO

R
M

AT=<ID
=D

P,N
um

ber=1,Type=Integer,D
escription="R

ead D
epth"> 

##FO
R

M
AT=<ID

=H
Q

,N
um

ber=2,Type=Integer,D
escription="H

aplotype Q
uality"> 

  ##S
A

M
P

LE
=<ID

=N
O

R
M

A
L,Individual=TC

G
A

-01-1000,File=TC
G

A
-01-1000-1.bam

,P
latform

=Illum
ina,S

ource=dbG
A

P,A
ccession=1234> 

##S
A

M
P

LE
=<ID

=TU
M

O
R

,Individual=TC
G

A
-01-1000,File=TC

G
A

-01-1000-2.bam
,P

latform
=Illum

ina,S
ource=dbG

A
P,A

ccession=4567> 
##P

E
D

IG
R

E
E

=<N
am

e_0=TU
M

O
R

,N
am

e_1=N
O

R
M

A
L> 

        #C
H

R
O

M
 P

O
S

     ID
        R

E
F    A

LT     Q
U

A
L FILTE

R
 IN

FO
                         FO

R
M

AT      N
O

R
M

A
L         TU

M
O

R
 

  20     14370   rs6054257 G
      A       29   PA

S
S

   N
S

=3;D
P

=14;A
F=0.5;D

B
;H

2      G
T:G

Q
:D

P
:H

Q
 0|0:48:1:51,51 1|0:48:8:51,51 

20     17330   .         T      A       3    q10    N
S

=3;D
P

=11;A
F=0.017          G

T:G
Q

:D
P

:H
Q

 0|0:49:3:58,50 0|1:3:5:65,3 
20     1110696 rs6040355 A      G

,T     67   PA
S

S
   N

S
=2;D

P
=10;A

F=0.333,0.667;D
B

 G
T:G

Q
:D

P
:H

Q
 1|2:21:6:23,27 2|1:2:0:18,2 

20     1230237 .         T      .       47   PA
S

S
   N

S
=3;D

P
=13;A

A
=T              G

T:G
Q

:D
P

:H
Q

 0|0:54:7:56,60 0|0:48:4:51,51 
20     1234567 m

icrosat1 G
TC

    G
,G

TC
TC

 50   PA
S

S
   N

S
=3;D

P
=9;A

A
=G

               G
T:G

Q
:D

P    0/1:35:4       0/2:17:2 
 



H
ouston: W

e have a problem
 

H
ow

	to	put	a	
square	peg	into	a	
round	hole?	



W
hat to do w

ith all this D
ata? 

Technical	Desiderata	for	integra5on	of	genom
ic	data	into	the	EHR	

1.	M
aintain	separa-

on	of	prim
ary	m

olecular	observa-
ons	from

	the	clinical	
interpreta-

ons	of	those	data	

2.	Support	lossless	com
pression	from

	prim
ary	m

olecular	observa-
ons	to	

clinically	m
anageable	subsets	

3.	M
aintain	linkage	of	m

olecular	observa-
ons	to	the	laboratory	m

ethods	used	
to	generate	them

	

4.	Support	com
pact	representa-

on	of	clinically	ac-
onable	subsets	for	op-

m
al	

perform
ance	

5.	Sim
ultaneously	support	hum

an	view
able	form

ats	and	m
achine	readable	

form
ats	in	order	to	facilitate	im

plem
enta-

on	of	decision	support	rules	

6.	A
n-

cipate	fundam
ental	changes	in	the	understanding	of	hum

an	m
olecular	

varia-
on	

7.		Support	both	individual	clinical	care	and	discovery	science	

1.	M
asys	D

R,	Jarvik	G
P,	A

bernethy	N
F,	A

nderson	N
R,	Papanicolaou	G

J,	Paltoo	D
N
,	et	al.	Technical	desiderata	

for	the	integra-
on	of	genom

ic	data	into	Electronic	H
ealth	Records.	J	Biom

ed	Inform
.	2012	Jun;45(3):419-22.	



M
olecular Pathology D

ata Flow
 

Specim
en	

Sequencing	

Raw
	Data	

BA
M
	files	

V
CF	files	

Tissue	type	
Tum

or	%
	

G
ene	ID

’s	
Reference	G

ene	

Data	Genera5on	
Data	Analysis	

Know
ledge	

bases	

Pathologist	
A
ssessm

ent	

Final	
Report	

EH
R	

Data	U
se	and	Storage	



D
ata U

se – D
ata G

eneration 

Specim
en	

Sequencing	

Raw
	Data	

BA
M
	files	

V
CF	files	

Tissue	type	
Tum

or	%
	

G
ene	ID

’s	
Reference	G

ene	

Data	Genera5on	

Raw
	D
ata	(i.e.,	Prim

ary	D
ata)	

	N
ecessary	for	clinical	interpreta-

on	
	V
aluable	to	Research	Com

m
unity	

	V
alue	to	consum

ers	–	clinicians,	
pa-

ents?	



D
ata U

se – D
ata A

nalysis 
Pathologists	consider	outputs	of	
D
ata	G

enera-
on	step	

	A
ccess	Know

ledge	Bases	to	reconcile	
data	w

ith	current	genom
ic	

understanding	
	Render	assessm

ent	of	variants	
detected	and	should	be	reported	
	Classify	variants	in	term

s	of	clinical	
significance	
	



D
ata U

se –U
se and Storage 

Final	report	–	pdf	form
at	

	Enum
era-

on	of	variants	detected	
classified	by	clinical	significance	
	A
ddi-

onal	item
s:	Type	of	altera-

on,	
A
llele	frequency	(in	popula-

on),	
availability	of	poten-

al	clinical	trials	
	U
seful	for	individual	clinical	

encounter	but	of	lim
ited	value	for	

extended	clinical	care,	decision	
m
aking	and	research.	

	



M
ore on the Final R

eport 
• 

B
ased on the specific gene variants detected and 

reported by the pathologist. 
 • 

W
hat elem

ents are needed in the E
H

R
 in 

com
putable form

? 

• 
O

ne-to-one relationship of reported variants and 
their representation in the variant call file (V

C
F) 

• 
C

an the V
C

F representation of the reported 
variants be used as discrete elem

ents in the 
E

H
R

?   
  



Variant C
all Form

at 
       #C

H
R

O
M

 P
O

S
     ID

        R
E

F    A
LT     Q

U
A

L FILTE
R

 IN
FO

                         FO
R

M
AT      N

O
R

M
A

L         TU
M

O
R

 
  20     14370   rs6054257 G

      A       29   PA
S

S
   N

S
=3;D

P
=14;A

F=0.5;D
B

;H
2      G

T:G
Q

:D
P

:H
Q

 0|0:48:1:51,51 1|0:48:8:51,51 
20     17330   .         T      A       3    q10    N

S
=3;D

P
=11;A

F=0.017          G
T:G

Q
:D

P
:H

Q
 0|0:49:3:58,50 0|1:3:5:65,3 

20     1110696 rs6040355 A      G
,T     67   PA

S
S

   N
S

=2;D
P

=10;A
F=0.333,0.667;D

B
 G

T:G
Q

:D
P

:H
Q
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Im
portant	data	

Discrete	and	com
putable	

	Contains	data	that	has	lim
ited	value	outside	the	context	of	the	ini5al	report	

	Diffi
cult	to	im

port	and	m
anage	w

ithin	EHR	structures	
	TO

O
	CO

M
PLICATED	FO

R	EHR	–	N
eed	som

ething	sim
ple	

Essen-
al	data	for	EH

R?	



H
um

an G
enom

e Variation 
Society R

epresentation 
• 

H
um

an G
enom

e Variation S
ociety (H

G
V

S
)  

• 
S

tandardized nom
enclature for variants 

• 
Includes nom

enclature for norm
al sequences 

 Exam
ples:   

   B
R

A
F V600E:  

 N
M

_004333.4:c.1799T>A
(p.Val600G

lu)  
 B

R
A

F norm
al: 

 N
M

_004333.4:c.(=)   

A
ccession.version	

Coding	
change	

A
m
ino	A

cid	
change	

N
o	coding	change	



H
G

VS in EH
R

 and B
iobank 

• H
G

V
S

 representation of genetic inform
ation in E

H
R

 is tractable 
 • D

ata is a structured string 
• 

E
asily accom

m
odated in E

H
R

 
• 

D
ata easily queried by regular expression 

 
• M

aintain links to curated gene know
ledge bases 

• 
S

tandardized representation 
• 

U
sed by reference databases, know

ledge bases 
 

• A
pplicable to targeted gene sequencing and w

hole genom
e 

sequencing 
 • R

etains clinically relevant and actionable inform
ation 

 • C
an be readily m

oved via H
L7 

 
 



M
oving M

olecular D
ata 

H
L7 Lab order and results m

essage types, of course 
 O

rders: 
S

pecim
en Type – S

N
O

M
E

D
 C

T 
O

rdered S
ervice – LO

IN
C

 
D

iagnosis – IC
D

-10 or S
N

O
M

E
D

 C
T 

 R
esults: 

P
erform

ed tests – LO
IN

C
 (O

B
R

-4) 
R

esults – LO
IN

C
 (O

B
X

-3) and H
G

V
S

 (O
B

X
-5) 

A
bnorm

al flag – A
ssociation of M

olecular P
athologists Tiers 1 - 4 

 Exam
ple: 

O
B

R
|1|C

E
|segm

ent 3|51966-0^G
enetic disease D

N
A analysis panel^LN

|…
. 

  O
B

X
|1|C

E
|85511-4^B

R
A

F gene m
utations found in colorectal cancer specim

en by 
m

olecular genetics m
ethod^LN

||N
M

_004333.4(B
R

A
F):c.1799T>A (p.Val600G

lu)|…
|

P
athogenic| 

 O
B

X
|2|C

E
|85509-8^K

R
A

S
 gene m

utations found in colorectal cancer specim
en by 

m
olecular genetics m

ethod^LN
||N

M
_004985.4(K

R
A

S
):c.35G

>A (p.G
ly600A

sp)|…
|

P
athogenic| 

 



G
enom

ic D
ata Flow

 and Store 

Raw
	Data	

BA
M
	files	

V
CF	files	

Tissue	type	
Tum

or	%
	

G
ene	ID

’s	
Reference	G

ene	

Data	Genera5on	
Data	Analysis	

Pathologist	
A
ssessm

ent	

Final	
Report	
(pdf)	

EH
R	

Data	U
se	and	Storage	

Biobank	

Final	
Report	
(H
L7)	

Raw
	data	

stored	in	
original	form

	
for	research	
at	point	of	
crea-

on	

V
CF	data	

(reported	
and	not	
reported)	in	
V
CF	and	

H
G
V
S	form

	in	
biorepository	

Report	(pdf)	
and	H

G
V
S	

data	stored	
in	EH

R		



G
enom

ic D
ata Flow

 Exam
ple 

Data	Analysis	

Pathologist	
A
ssessm

ent	

Final	Report	
(pdf)	

EH
R	

Data	U
se	and	Storage	

Biobank	

Final	Report	
(H
L7)	

1. 
Pathologist	sign-out	is	the	
trigger	event	
	

2. 
PD

F	report	sent	per	usual	
prac-

ce	
	

3. 
H
L7	version	2.5.1	m

essage	
sent	to	biobank	and	EH

R,	
sim

ultaneously	
HL7	M

essage	Sent	
M
SH

|^~\&
|G

enom
O
ncology	W

orkbench|U
N
M
C|M

irth|U
N
M
C|||O

RU
^R01^O

RU
_R01|77801|P|2.5.1|	

PID
|1||12345||D

oe^Jane^||19850206|F	
O
RC|1||G

17-xxx||CM
||^^^^	

O
BR|1||G

17-xxx|55232-3^G
ene-

c	analysis	sum
m
ary	panel^LN

|||	
O
BX|1|FT|51969-4^G

ene-
c	analysis	sum

m
ary	report^LN

||<p>For	this	specific	specim
en	there	w

as	200X	coverage	for	the	follow
ing	regions,		

	
	therefore	low

	frequency	variants	in	these	regions	m
ay	not	be	iden-

fied:	three	am
plicons	of	CEBPA

	exon1,	CU
X1	exons	1,	19,	and	23,	and	STA

G
2	exon	7.		

	
	O
nly	clinical	trials	that	pertain	to	genes	w

ith	iden-
fied	som

a-
c	m

uta-
ons	are	reported.	

O
BR|2||G

17-xxx|55207-5^G
ene-

c	analysis	discrete	result	panel^LN
||||||||||||^Bruce	W

illis,	M
D
	

O
BX|1|CW

E|911752541000004109^TP53	sequence	variant	iden-
fied	in	excised	m

alignant	neoplasm
	(observable	en-

ty)^SCT|1|TP53	N
P_000537.3:R175H

	N
M
_000546.5:c.

524G
>A

^TP53	R175H
|||Pathogenic|||F	

O
BX|2|CW

E|911752871000004102^A
SXL1	sequence	variant	iden-

fied	in	excised	m
alignant	neoplasm

	(observable	en-
ty)^SCT|1|A

SXL1	N
P_056153.2:N

986S	N
M
_015338.5:c.

2957A
>G

^A
SXL1	N

986S|||Likely	Benign|||F	
O
BX|3|CW

E|911752061000004102^A
BL1	sequence	variant	iden-

fied	in	excised	m
alignant	neoplasm

	(observable	en-
ty)^SCT|1|A

BL1	N
M
_005157.4:c.(=)|||N

orm
al|||F	

O
BX|4|CW

E|911752881000004104^A
TRX	sequence	variant	iden-

fied	in	excised	m
alignant	neoplasm

	(observable	en-
ty)^SCT|1|A

TRX	N
M
_000489.3:c.(=)|||N

orm
al|||F	

O
BX|5|CW

E|911752891000004101^BCO
R	sequence	variant	iden-

fied	in	excised	m
alignant	neoplasm

	(observable	en-
ty)^SCT|1|BCO

R	N
M
_001123385.1:c.(=)|||N

orm
al|||F	

O
BX|6|CW

E|911752901000004102^BCO
RL1	sequence	variant	iden-

fied	in	excised	m
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	(observable	en-
ty)^SCT|1|BCO

RL1	N
M
_021946.4:c.(=)|||N

orm
al|||F	

O
BX|7|CW

E|911752111000004101^BRA
F	sequence	variant	iden-

fied	in	excised	m
alignant	neoplasm

	(observable	en-
ty)^SCT|1|BRA

F	N
M
_004333.4:c.(=)|||N

orm
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sed	w
ith	perm
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	N
ebraska	Lexicon	(SN

O
M
ED

	CT	exten-
on)	



Patient C
are U

se 
Find all patients w

ith colorectal cancer A
N

D
 a m

utation in the P
IK

3C
A locus 

and/or the E
R

B
B

2 gene locus. 
 A

spirin therapy show
n to be beneficial 



Q
uality 

Frequency of B
R

A
F m

utations by disorder 
 



Structured pathology reporting:      
N

ebraska architecture 

CO
PATH		

Anatom
ic	

Pathology	
Im

m
une	stn	

N
ECares	

Biobank	

Interface	
Engine	

H
L7	V

2.3	

In	produc-
on	

In	developm
ent	

Ion-Torrent	
Sequencer	

M
olecular	Labs	

FISH	

i2b2	
	SQ

L	

SEER	
Registry	
N
AACCR	

Genom
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O
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						Epic	
O
ne	Chart	

ETL	

ETL	for	A
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B
inding H

istopathology and 
M

olecular pathology data 
1. S

tructured and sem
antically encoded data  

1. H
istopathology 

1. P
hysical m

orphologies 
2. Im

m
unohistochem

istry 
 

2. M
olecular pathology 

1. G
ene sequences 

2. P
athogenicity 

 
 

2. A
bility to bind the tw

o 



D
ata in action:  

Existing study 
1. 

Identify all patients diagnosed w
ith colorectal cancer betw

een 2013 – 2016 
 

2. 
M

etastatic disease at diagnosis or developed in tim
e period 

 
3. 

Identify all patients w
ith biom

arker testing 
1. 

M
icrosatellite Instability (M

LH
1, M

S
H

2, M
S

H
6, P

M
S

2) 
2. 

B
R

A
F and *R

A
S

 genes 
 

4. 
W

hich patients received targeted therapies per guidelines 
1. 

B
R

A
F inhibitors 

2. 
E

G
FR

 inhibitors 
3. 

Im
m

unotherapy 
 

5. 
P

re-2015 requires m
anual chart review

 
 

6. 
2015 – current can be com

puted 



Stage IV C
olorectal C

ancer 
Treatm

ents 
Treatm

ent	
N
	

BRAF	
V600E	+	

*RAS	
Variant

s	

M
icroSat	

Stability	
Com

pliance	

D
abrafenib	

1	
1	

0	
0	

1	

Cetuxim
ab	

3	
0	

0	
0	

3	

Panitum
um

ab	
14	

1	
2	

5	
11	

N
ivolum

ab	
1	

0	
0	

1	
1	

Regorafenib	
12	

0	
8	

6	
12	

Totals	
31	

2	
10	

11	
28	



Existing G
aps and Future 

W
ork – Just som

e of m
any 

1. D
iscrete outcom

e indication from
 clinical service 

  
2. A

dditional encoded data 
1. O

rgan system
s 

2. S
upport of additional genetic tests 

1. In situ hybridization (FIS
H

) 
 

3. G
oal: R

apid identification of patients “like 
m

ine” (P
henotype) 

1. P
oint of care decision aid 

2. W
hat w

orked w
ell for this phenotypical patient 

3. W
hat did not w

ork for this phenotype 
 

4. C
lincial trial m

atching w
ith high fidelity 
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