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Å Why focus on clinical trials

Å How natural language processing can help

Å Examples at scale
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Development

Clinical Trials

FDA 
Approval

Launch

ÅYour treatments are > 15 years old

ÅCutting edge treatments only available in clinical trials

ÅFaster cycles make lifesaving treatments available 
sooner
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1-year 
delay

993

2.9B

Human lives lost
on 1 blockbuster drug

SOURCE: Cutting Edge Information, FiercePharma, Life Extension Magazine

The consequences 
are enormous

5x

Revenue lost
on 1 blockbuster drug

Drug price increase
<> Wage increase, 2017



5,446
cutting-edge 
treatments 
are behind 
the gates of 
clinical trials 162

Pain drugs

71
COPD drugs

SOURCEΥ 9ǎǘƛƳŀǘŜŘ ōŀǎŜŘ ƻƴ tƘŀǊƳŀǇǊƻƧŜŎǘǎΣ άtƘŀǊƳŀ wϧ5 !ƴƴǳŀƭ wŜǾƛŜǿ нлмтέ

154
Type 2 diabetes 

drugs

138
Rheumatoid 

arthritis drugs

139
!ƭȊƘŜƛƳŜǊΩǎ ŘǊǳƎǎ

91
tŀǊƪƛƴǎƻƴΩǎ ŘǊǳƎǎ

94
Asthma drugs

105
Psoriasis drugs

68
HIV/AIDS drugs

1,870
Cancer drugs

2,554
Other



Why is 
recruitment 
hard (data)

Å Indexing patient 
data

Å Generating search 
criteria

Å Find a match



Patient Info

Gender:Male Age:69

Vitals

Temp:97.5 BP:119/69

History of present illness

Mr. Jasper is a 69 year-old malereturning for his monthly 

follow-up to assess the status of his adenocarcinoma of 

the prostateΦ IŜΩǎ ŀ ŦƻǊƳŜǊ ǎƳƻƪŜǊΦ

He is receiving concurrent neoadjuvant therapyand 

hormone therapyplus external beam radiation therapyfor 

a Gleason 7, T2b PSA 9.6 adenocarcinoma. His radiation 

therapystarted in March 2016. Since then, he has been 

generally stable despite some incontinenceand frequent 

urination...

Structured, relational data
(easy to reason about)

Free text data
ÅNon-standard
Ågrammar
Å format
Åvocabulary

aƻǎǘ ƛƴŦƻǊƳŀǘƛƻƴ ƛǎ ƛƴ ŘƻŎǘƻǊΩǎ ƴƻǘŜǎWhy is 
recruitment 
hard (data)

Å Indexing patient 
data

Å Generating search 
criteria

Å Find a match



"(admission): 50.4 kg\ \n Height: 61 Inch\ \n ICP: 7 (1 - 14) mmHg\ \n Total In:\ \n 3,279 mL\ \n 911 mL\ \n PO:\ \n 
Tube feeding:\ \n 243 mL\ \n 237 mL\ \n IV Fluid:\ \n 2,827 mL\ \n 624 mL\ \n Blood products:\ \n Total out:\ \n 
2,333 mL\ \n 370 mL\ \n Urine:\ \n 2,330 mL\ \n 370 mL\ \n NG:\ \n Stool:\ \n Drains:\ \n 3 mL\ \n Balance:\ \n 946 
mL\ \n 541 mL\ \n Respiratory support\ \n O2 Delivery Device: None\ \n SPO2: 97%\\n ABG: ///26/\ \n Physical 
Examination\ \n General Appearance: No acute distress, Non communicative due to\ \n language barrier\ \n 
HEENT: PERRL, EOMI\ \n Cardiovascular: (Rhythm: Regular)\ \n Respiratory / Chest: (Expansion: Symmetric), 
(Breath Sounds: CTA\ \n bilateral : ), (Sternum: Stable )\ \n Abdominal: Soft, Non-distended, Non-tender, Bowel 
sounds present\ \n Left Extremities: (Edema: Absent), (Temperature: Warm), (Pulse -\ \n Dorsalis pedis: Present), 
(Pulse - Posterior tibial: Present)\ \n Right Extremities: (Edema: Absent), (Temperature: Warm), (Pulse -\ \n 
Dorsalis pedis: Present), (Pulse - Posterior tibial: Present)\ \n Skin: (Incision: Clean / Dry / Intact)\ \n Neurologic: 
(Awake / Alert / Oriented: x 2), Follows simple commands,\ \n Moves all extremities, Limited due to language 
barrier\ \n Labs / Radiology\ \n 275 K/uL\ \n 9.8 g/dL\ \n 134 mg/dL\ \n 0.4 mg/dL\ \n 26 mEq/L\ \n 3.5 mEq/L\ \n 
15 mg/dL\ \n 102 mEq/L\ \n 137 mEq/L\ \n 30.3 %\ \n 8.8 K/uL\ \n [image002.jpg]\ \n [**2140-7-23**] 03:30 
PM\\n [**2140-7-24**] 02:51 AM\\n [**2140-7-24**] 03:03 AM\\n [**2140-7-24**] 08:13 AM\\n [**2140-7-
24**] 10:07 AM\\n [**2140-7-25**] 02:45 AM\\n [**2140-7-26**] 01:15 AM\\n [**2140-7-27**] 03:09 AM\\n 
[**2140-7-27**] 10:58 AM\\n [**2140-7-28**] 02:58 AM\\n WBC\\n 9.7\ \n 10.3\ \n 11.2\ \n 7.7\ \n 7.1\ \n 
8.8\ \n Hct\ \n 31.8\ \n 32.6\ \n 34.3\ \n 33.3\ \n 31.4\ \n 30.3\ \n Plt\ \n [**Telephone/Fax (3) 8785**]\ \n 
Creatinine\ \n 0.5\ \n 0.5\ \n 0.5\ \n 0.5\ \n 0.5\ \n 0.5\ \n 0.4\ \n TCO2\ \n 26\ \n 28\ \n 29\ \n Glucose\ \n 168\ \n 
253\ \n 147\ \n 180\ \n 92\ \n 160\ \n 194\ \n 134\ \n Other labs: PT / PTT / INR:11.6/25.8/1.0, CK / CK-MB / 
Troponin\ \n T:54//<0.01, ALT / AST:25/32, Alk-Phos/ T bili:87/,\ \n Differential-Neuts:93.0 %, Lymph:5.3 %, 
Mono:1.0 %, Eos:0.5 %, Lactic\ \n Acid:1.5 mmol/L, Ca:7.9 mg/dL, Mg:1.8 mg/dL, PO4:2.5 mg/dL\ \n Assessment 
and Plan\ \n AIRWAY, INABILITY TO PROTECT (RISK FOR ASPIRATION, ALTERED GAG, AIRWAY\\n CLEARANCE, 
COUGH), CVA (STROKE, CEREBRAL INFARCTION), HEMORRHAGIC ,\ \n HYPERTENSION, BENIGN, [**Last Name 
12**] PROBLEM - ENTER DESCRIPTION IN COMMENTS\\n Assessment and Plan: 69 yo F w/ left cerebellar 
thrombotic stroke,\ \n hemorrhage, transtentorialherniation s/p EVD placement, surgical\ \n decompression on 
[**7 -22**], now w/ improved neuro exams\ \n Neurologic: ICP monitor, Pain controlled, s/p cranifor 
cerebellar\ \n CVA, moves all 4, EVD clamped.
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Histologically or cytologically confirmed adenocarcinoma of the 
prostate at initial biopsy, without neuroendocrine differentiation, signet 
cell, or small cell features.

Prostate cancer initially treated by radical prostatectomy or 
radiotherapy (including brachytherapy) or both, with curative intent.

{ŎǊŜŜƴƛƴƎ t{! җ нΦл ƴƎκƳ[ ŦƻǊ ǇŀǘƛŜƴǘǎ ǿƘƻ ƘŀŘ ǊŀŘƛŎŀƭ ǇǊƻǎǘŀǘŜŎǘƻƳȅ 
ŀǎ ǇǊƛƳŀǊȅ ǘǊŜŀǘƳŜƴǘ ŦƻǊ ǇǊƻǎǘŀǘŜ ŎŀƴŎŜǊ ƻǊ җ рΦл ƴƎκƳ[ ŀƴŘ ƎǊŜŀǘŜǊ 
than or equal to the nadir + 2 ng/mL for patients who had radiotherapy 
as primary treatment for prostate cancer.

Prior or present evidence of distant metastatic disease as assessed by 

radiographic imaging.

Inclusion criteria:

Exclusion criteria:

Increasingly complex enrollment criteriaWhy is 
recruitment 
hard (data)

Å Indexing patient 
data

Å Generating search 
criteria

Å Find a match
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Language Understanding (clinical)Human and 
clinical 
language is

Å Nuanced

Å Fuzzy

Å Contextual

Å Medium specific

Å Domain specific

Å Contains typos & 
mistakes

Histologically or cytologically confirmed adenocarcinoma of the 
prostate at initial biopsy, without neuroendocrine differentiation, signet 
cell, or small cell features.

Prostate cancer initially treated by radical prostatectomy or 
radiotherapy (including brachytherapy) or both, with curative intent.

{ŎǊŜŜƴƛƴƎ t{! җ нΦл ƴƎκƳ[ ŦƻǊ ǇŀǘƛŜƴǘǎ ǿƘƻ ƘŀŘ ǊŀŘƛŎŀƭ ǇǊƻǎǘŀǘŜŎǘƻƳȅ 
ŀǎ ǇǊƛƳŀǊȅ ǘǊŜŀǘƳŜƴǘ ŦƻǊ ǇǊƻǎǘŀǘŜ ŎŀƴŎŜǊ ƻǊ җ рΦл ƴƎκƳ[ ŀƴŘ ƎǊŜŀǘŜǊ 
than or equal to the nadir + 2 ng/mL for patients who had radiotherapy 
as primary treatment for prostate cancer.

Prior or present evidence of distant metastatic disease as assessed by 

radiographic imaging.

Inclusion criteria:

Exclusion criteria:



LƴǘǊƻŘǳŎƛƴƎ WƻƘƴ {ƴƻǿ [ŀōǎΩ Spark NLPHuman and 
clinical 
language is

Å Nuanced

Å Fuzzy

Å Contextual

Å Medium specific

Å Domain specific

Å Contains typos & 

mistakes

²ŜΩƭƭ  ƴŜŜŘΥ

Å Core Annotators

Sentence detection, part of speech 
ǘŀƎƎƛƴƎΣ ǎǇŜƭƭ ŎƘŜŎƪƛƴƎ Χ

Å Vocabulary Understanding

Ontologies, relationships, word 
ŜƳōŜŘŘƛƴƎǎ Χ

Å ML & DL Models

Named entity recognition, entity 
resolution, negation analysis



LƴǘǊƻŘǳŎƛƴƎ WƻƘƴ {ƴƻǿ [ŀōǎΩ Spark NLPState of the art

Å Quality

Å Speed

Å Scalability

Apache 2.0 Licensed
Scala and Python APIs
Apache Spark & Tensorflow
Active development & support
Healthcare specific edition

nlp.johnsnowlabs.com

github.com/ johnsnowlabs/spark-nlp

òAI Adoption in the Enterpriseò, February 2019

Most widely used ML frameworks and tools

survey of 1,300 practitioners by OôReilly



Spark NLP Feature Overview


