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Agenda
● Background / Motivation
● Natural language processing
● Case studies
● Recommendation
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Gold Nanoshells

Loo et al.  Technol Cancer Res Treat 2004
Scientific American, May 2008

Day et al.  J Neuro‐Oncology 2011

Clinical Trials
• NCT00848042 (2009) ‐ Pilot Study of 
AuroLase(tm) Therapy in Refractory and/or 
Recurrent Tumors of the Head and Neck

• NCT01679470 (2012)‐ Efficacy Study of AuroLase
Therapy in Subjects With Primary and/or 
Metastatic Lung Tumors

• NCT02680535 (2016) ‐ MRI/US Fusion Imaging 
and Biopsy in Combination With Nanoparticle 
Directed Focal Therapy for Ablation of Prostate 
Tissue

• NCT02217228 (2014) ‐ Pivotal Study of Sebacia
Microparticles in the Treatment of Acne Vulgaris

• NCT02758041 (2016) ‐ A Study to Evaluate 
Sebacia Microparticles in Patients With 
Inflammatory Acne Vulgaris
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Portable In Vitro Exposure Cassette
• Adapts a 37 mm filter cassette
• Encloses a cell culture insert
• Allows for continuous aerosol flow
• Maintains 37°C, >80% RH

Lewinski N, Secondo L, Ferri J, Process Safety Progress, 2019.
Secondo L, Wygal N, Lewinski N, Journal of Visual Experiments, 2019.
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Secondo L, Liu N, Lewinski N. Critical Reviews in Toxicology, 2016

Inter‐laboratory comparison
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Inter‐laboratory comparison
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Characterization practices
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Evidence
Clustering

Entity
Extraction

From articles to knowledge
Va
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e

Relationship
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Summarization Indirect 
Correlation

Web
Search

In collaboration with Dr. Bridget McInnes (Computer Science, VCU)
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Natural Language Processing 

e.g. ZnO nanoparticles doses over 1.0 μg/cm2 were necessary to produce biological
responses in aerosol studies.

e.g. ZnO: Zinc Oxide nanoparticles: nanoparticle   doses: dose  over: over  1.0: 1.0
μg/cm2: μg/cm2  were: were  necessary: necessary  to: to  produce: produce  biological:
biological responses: response  in: in  aerosol: aerosol  studies: study. 

eg. ZnO: C0043491:Zinc Oxide nanoparticles: C1450054:Artificial Nanoparticles
doses: C0178602:Dosage over: n/a  1.0: n/a μg/cm2: C1631160:Microgram/cm2 were:
n/a  necessary: n/a to: n/a  produce: n/a biological: C0205460:Biological responses:
C0871261:Response process  in: n/a aerosol: C1112870:Aerosol Dose Form  studies:
C0947630:Scientific Study 
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Reported nano NLP systems

14
Lewinski N, McInnes B. Beilstein Journal of Nanotechnology, 2015



Named Entity Recognition
System Corpora (annotation) NLP tools Results

NanoDevEx
(2010‐2016)

NaDev – 2 articles on 
nanodevices
(Xconc Suite)

YamCha (parser), 
GPoSSTL (POS tagger)

System 
F‐score = 0.71

NEI Miner 
(2012‐2016)

94 articles from ERDC 
Environmental Laboratory

ABMiner (NLP toolkit) System 
F‐score = 0.81

Nano Toxicity 
Searcher (2013)

654 PubMed abstracts Abner (NER), Mallet (NLP 
toolkit)

System 
F‐score = 0.91

NanoSifter (2014) 100 PubMedCentral articles 
on dendrimers (GATE)

ANNIE (GATE module) System 
F‐score = 0.91
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Yoshioka et al. Proceedings of 12th Int. Conf. Info. Integr. Web Appl. Serv. 2010



Automation
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Tropsha et al. Nature Nanotechnology 2017

Chan et al. Nano Letters 2010



Nanoparticle Synthesis
• Run experiments and record procedure and results in 

Microsoft OneNote
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Each Project
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Engineered Nanomedicine Database (END)

Lewinski N, Jimenez I, McInnes B. International Journal of Nanomedicine, 2017

GATE Features:
• Runs on Windows and 

MacOS
• Off the shelf tools (e.g. 

ANNIE) built‐in

Disadvantages
• Differences in files 

between Windows and 
MacOS

• Relationship annotations 
only by using a taxonomy
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brat Example Annotated Document

21https://github.com/NanoNLP/medaCy_dataset_end



Engineered Nanomedicine Database (END)
PLATFORM TRADE NAME

Conjugate Antibody‐Drug Adcetris®, Kadcyla®, Zevalin®

Polymer‐Aptamer Macugen®

Polymer‐Drug Opaxio®

Polymer‐Protein Adagen®, Cimzia®, Krystexxa®, Mircera®, Neulasta®, Oncaspar®,
Pegasys®, PEG‐Intron®, Somavert®

Protein‐Drug Abraxane®, Ontak®

Lipid Liposome Abelcet®, AmBisome®, Amphotec®, DaunoXome®, DepoDur®,
Diprivan®, Doxil®, Marquibo®, Visudyne®

Micelle EstrasorbTM, Taxotere®

Nanocrystal Emend®, Megace ES®, Rapamune®, TriCor®, TriGlide®

Nanoparticle Iron Feraheme®, Ferrlecit®, Venofer®

Elestrin®
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Physico‐chemical 
characteristics

Pharmacokinetic 
parameters

Exposure Biological response

# 
instances

entity # 
instances

entity # 
instances

entity

2161 active 
ingredient

47 auc 29 volume of 
distribution

89 core 
composition

49 clearance 2283 dose

50 molecular 
weight

41 cmax 1192 route of 
administration

854 nanoparticle 65 elimination half 
life

6689 adverse 
reaction

7 particle 
diameter

56 plasma half life 1396 indication

62 surface coating 30 tmax

Lewinski N, Jimenez I, McInnes B. International Journal of Nanomedicine, 2017



Nano‐entity recognition
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Evaluation
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Nanomedicine Design
• Scenario 1 – synthesis planning
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New small molecule drug

Desired target tissue

Tissue targeting molecule

New drug

Polymer
PEG

Given information:



API subset
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DOX logP = 1.27 DOC logP = 2.4 PAC logP = 3

82 papers – 172 synthesis methods 
168 batch, 4 flow



Method distribution
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Wang et al. Nanomaterials 2016

Wang et al. Nanomaterials 2016

Jog and Burgess J Pharm Sci 2017

Lim et al. ACS Nano 2014



Preliminary findings
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Blue = PLGA
Red = PLGA‐PEG



Nanomedicine Design
• Scenario 2 – formulation suggestion
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PLGA 
+docetaxel 

+trastuzumab 
+S63845 

(not reported)

docetaxel
+trastuzumab

(2002)
PMID: 11919237

PLGA + docetaxel 
+ trastuzumab 

(2010)
PMID: 20864169

docetaxel 
+S63845 (2017)
PMID: 28768804

trastuzumab 
+S63845 (2017)
PMID: 28768804



Framework for Intelligent Nanotechnology Discovery
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Recommendation

• Nanotechnology shared task or challenge
– BioCreative
– Text Analysis Conference (TAC)
– National NLP Clinical Challenge (N2C2)
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