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Background:	eMERGE,	PGRN,	i2b2,	SHARP

HPI: 48 woman 
with right breast 
mammogram. Final diagnosis: 

Breast, Left, 
Needle Biopsy: 
Invasive Duct 
Carcinoma..

Patient currently on 
neoadjuvant therapy with 
Taxol. Due to 
cardiomyopathy, patient 
not candidate for 
Transtuzumab…

EHR	Notes

Phenotype	Label

EHR	Notes

Doc1, 0, 2, 3…

Doc2, 0, 0, 1…

Doc3, 1,4,0…

Classifier

• positive/negative

Manual	chart	review

Automated	chart	review

HPI: 48 woman 
with right breast 
mammogram. Final diagnosis: 

Breast, Left, 
Needle Biopsy: 
Invasive Duct 
Carcinoma..

Patient currently on 
neoadjuvant therapy with 
Taxol. Due to 
cardiomyopathy, patient 
not candidate for 
Transtuzumab…

Phenotype	Label

• positive/negative



DeepPhe	Project
• Goal	is	to	develop	next	generation	cancer	deep	

phenotyping	methods
– No	longer	dichotomization	for	a	particular	phenotype	of	interest
– Rather,	all	phenotypes	associated	with	a	patient

• Addresses	information	extraction	but	also	representation	
and	visualization

• Support	high	throughput	approach
– process	and	annotate	all	data	at	multiple	levels	(from	mention	to	

phenotype)	and	across	time
• Combine	IE	with	structured	data	(cancer	registry)
• Driven	by	translational	research	scientific	goals	as	well	as	

surveillance	(SEER	supplement)

http://cancer.healthnlp.or
g



NEOPLASM 1
Subject: Patient

Infilatrating Ductal Carcinoma (+3d)

Location: Right Breast
Nuclear grade: 2 (+3d)

ER: negative (+3d)
PR: negative (+3d)

Her2/Neu: positive (+3d)

Size: 2.9 x 2.5 x 2.0 (+3d)
Stage:

T2N0M0 (interval, +3d, +119d)
T2N0M1 (+656d)

Lymphadenopathy:

Negative, Clinical exam (+0d)
Negative, MRI (+1d)

Metastasis: Brain (+656d)

TREATMENT 1:

Neoadjuvant Chemotherapy
Agents: Pacitaxel (interval, >+3d, >+119d)

TREATMENT 2:

Her2Neu MAB

DISEASE 1:

Subject: patient
Cardiomyopathy

NEOPLASM 2:
Subject: mother

Cancer
…….

…….

HPI: 48 woman 
with right breast 
mammogram. Final diagnosis: 

Breast, Left, 
Needle Biopsy: 
Invasive Duct 
Carcinoma..

Patient currently on 
neoadjuvant therapy with 
Taxol. Due to 
cardiomyopathy, patient 
not candidate for 
Transtuzumab…

DeepPhe



• Portability	
• Extensibility
• Modularity
• Ontology	
driven

Architecture



DeepPhe	Information	Model



Tumor	is	ER-,	PR-,	Her2-.
Invasive	Ductal	Carcinoma.	4.4	cm

Path

Tumor 
Phenotype

deepPH
E

Tumor 
Phenotype

58	yo	F	presents	to	the	ER	with	slurred	speech.		

Patient	has	triple	negative	breast	cancer. ER

DeepPhe	NLP	Pipeline

Tumor 
Phenotype



Software	Development	Process



Y3	Developments
• IE	methods
– Coreference
– Temporal	relations
– Template	filling	improvement

• Additional	templates	for	Procedures,	Medications,	
Tumor	size

• Breast	imaging	reporting	and	data	system	(BIRADS)	
annotations

• Clinical	genomics	– gold	standard
• New	model	for	Melanoma
• Visualization	of	patient	data	from	graph	db
• Tooling	for	faster,	more	efficient	evaluations



DeepPhe	
Gold	Set	

(>500	documents)

• Select	patients	within	
2	SD	of	mean	#	
reports

• Random	Sample	Text	
reports

• Collect	DS,	RAD,	
PATH,	PGN

• Filter	reports	to	
specific	windows	of	
interest

Filter	and	Sample

Deidentify	and	
Preprocess

Cancer	Specific	
Annotations	
(DeepPhe)

e.g.	TNM,	Stage,	
Metastasis

UMLS	Entity	and	
Relation	(SHARP)

e.g.	
LocationOf

Clinical	
Coreference	(ODIE)

e.g.	identifying	
chains	relating	
tumor,	mass	
and	cancer

Temporal	
Relations	(THYME)

e.g.	identifying	
temp	rel	of	two	
events

ML/Annotator
s

Evaluation

<Ann/> <Ann/> <Ann/>

BRCA OVC
A

MEL

Cancer	
Registry

All	patients	
with	known	
Cancer

• Final	contact	<	
12/31/13

• “Analytic”	– all	
care	within	system

BRCA
OVC
A

MEL

~165	Breast	Cancer	Notes
~165	Ovarian	Cancer	Notes
~165	Melanoma	Notes



Evaluation	Results:	Entity	Level	(BrCa)



Extended	Test	Set	Evaluation



Evaluation	Results:	Phenotype	Level
Cancer

Cancer	Template	Distribution:	BrCa

#instances	in	
corpus

cancer 52

body	location 52

body	location	side 52

clinical	stage 35

cT	value 34

cN	value 34

cM	value 32

pT	value 34

pN	value 34

pM	value 15

corpus:	50	patients,	1881	documents

Results	on	BrCa	Test	Set:	Phenotype	System	vs.	Gold	
(results	in	parentheses	are	for	inter-annotator	agreement)

Precision/PPV Recall/Sensitivity F1	measure
cancer 0.87	(1) 0.83	(1) 0.85	(1)
body	location 1.00	(1) 1.00	(1) 1.00	(1)
body	location	side 1.00	(n/a) 1.00	(n/a) 1.00	(n/a)
clinical	stage 0.35	(0.80) 0.93	(1) 0.51	(0.89)
cT	value 0.42	(0.89) 0.89	(1) 0.57	(0.94)
cN	value 0.71	(0.89) 0.96	(1) 0.82	(0.94)
cM	value 0.90	(0.89) 1.00	(1) 0.95	(0.94)
pT	value 0.80	(0.89) 0.93	(1) 0.86	(0.94)
pN	value 0.66	(0.78) 0.83	(0.88) 0.74	(0.82)
pM	value 0.92	(0.62) 0.85	(1) 0.88	(0.77)



Evaluation	Results:	Phenotype	Level
Tumor

Tumor	Template	Distribution:	
BrCa

#instances	
in	corpus

tumor 127
body	clock	face 44
body	quadrant 27
diagnosis 127
tumor	type	
(primary;	regional	or	
distant	metastasis;	
local,	regional,	
distant	recurrence) 127
er	interpretation 51
pr	interpretation 51
her2	
interpretation 48
calcifications 127
corpus:	50	patients,	1881	
documents

Results	on	BrCa	Test	Set:	Phenotype	System	vs.	Gold	
(results	in	parentheses	are	for	inter-annotator	agreement)

Precision/PPV Recall/Sens. F1	measure
tumor 0.56	(0.79) 0.36	(0.88) 0.44	(0.84)
body	clock	face 0.50	(0.89) 0.02	(0.73) 0.05	(0.80)
body	quadrant 0.52	(0.73) 0.57	(0.80) 0.54	(076)
diagnosis 0.77	(0.93) 0.78	(0.93) 0.77	(0.93)
tumor	type 0.92	(1) 0.92	(1) 0.92	(1)
er	interpretation 0.91	(1) 0.93	(1) 0.92	(1)
pr	interpretation 0.84(1) 0.84	(1) 0.84	(1)
her2	
interpretation 0.61	(1) 0.55	(1) 0.58	(1)
calcifications 0.67	(n/a) 0.67	(n/a) 0.67	(n/a)



SEER	Dev	Subset	Evaluation



Evaluation	Results:	Phenotype	Level
Cancer

Cancer	Template	Distribution:	
BrCa

#instances	in	
corpus

cancer 240
body	location 239
body	location	side 218
clinical	stage 8
cT	value 2
cN	value 2
cM	value 2
pT	value 79
pN	value 72
M	value 12
corpus:	231	patients,	254	
documents

Results	on	BrCa	Simple	Train/Dev:	Phenotype	System	vs.	Gold	
(results	in	parentheses	are	for	inter-annotator	agreement)

Precision/PPV Recall/Sensitivity F1	measure
cancer 0.68	(1) 0.63	(1) 0.65	(1)
body	location 1.00	(1) 1.00	(1) 1.00	(1)
body	location	
side 1.00	(n/a) 1.00	(n/a) 1.00	(n/a)
clinical	stage 1.00	(0.80) 1.00	(1) 1.00	(0.89)
cT	value 1.00	(0.89) 0.50(1) 0.67	(0.94)
cN	value 1.00	(0.89) 0.50(1) 0.67	(0.94)
cM	value 0.33	(0.89) 0.50(1) 0.40	(0.94)
pT	value 0.67	(0.89) 0.70	(1) 0.69	(0.94)
pN	value 0.61	(0.78) 0.69	(0.88) 0.65	(0.82)
pM	value 0.75	(0.62) 1.00	(1) 0.86	(0.77)



Evaluation	Results:	Phenotype	Level
Tumor

Tumor	Template	Distribution:	BrCa
#instances	in	
corpus

tumor 270
body	clock	face 78
body	quadrant 15
diagnosis 269
tumor	type 270
er	interpretation 127
pr	interpretation 125
her2	interpretation 96
calcifications 270
corpus:	231	patients,	254	
documents

Results	on	BrCa	Simple	Train/Dev:	Phenotype	System	vs.	Gold	
(results	in	parentheses	are	for	inter-annotator	agreement)

Precision/PP
V

Recall/Sensitivi
ty F1	measure

tumor 0.64	(0.79) 0.52	(0.88) 0.57	(0.84)
body	clock	face 0.67	(0.89) 0.03	(0.73) 0.06	(0.80)
body	quadrant 1.00	(0.73) 0.77	(0.80) 0.87	(0.76)
diagnosis 0.68	(0.93) 0.59	(0.93) 0.63	(0.93)
tumor	type 0.96	(1) 0.96	(1) 0.96	(1)
er	interpretation 0.78	(1) 0.26	(1) 0.38	(1)
pr	interpretation 0.74	(1) 0.27	(1) 0.39	(1)
her2	interpretation 0.67	(1) 0.30	(1) 0.41	(1)
calcifications 0.86	(n/a) 0.86	(n/a) 0.86	(n/a)



Started	Processing	Melanoma



Visual	Analytics	Initial	Prototype

• Support	display	of	patient	phenotype	and	all	
the	reports	available	for	the	patient.

• Show	cancer	and	tumor	information	with	the	
ability	to	view	evidence	used	to	derive	the	
information	for	each	element.

• Highlight	evidence	in	the	report	text.



Visual	Analytics	Architecture

Database:	A	Neo4J	graph	database	was	chosen	
to	most	naturally	represent	relationships	
between	the	clinical	manifestations,	
phenotype	components	and	the	supporting	
evidence.

Backend	Services:	Play	Framework.	Allows	for	
Java	based	controllers	and	backend	code.

Front	End:	React	Framework	– Allows	for	
modular	frontend	components.



Screenshot
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Goals	for	Next	Year	(Y4)
• Extraction	of	treatment	regimens	from	
constituent	medications	and	procedures

• Episode	classification	and	extraction	(pre-diagn,	
diagn,	treatment,	followup)

• Clinical	genomics	result	extraction
• Expanding	to	ovarian	cancer	
• Enhanced	visualization	including	timeline
• Extrinsic	evaluation	of	system	with	breast	
cancer	clinical	research	questions



Demo

[add	link]


