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In many cases, developers have no choice but to use the tools and concepts of the last century to assess this century’s 
candidates. -FDA

Downward Trend in New Drugs?
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Drug Design and Development

$2.6 billion in 2013  dollars, up 145% from the previous 2003 study 



Pharma Timelines and Attrition



Source: Juliana Cavalli
Federal University of Santa Catarina | UFSC

https://www.researchgate.net/institution/Federal_University_of_Santa_Catarina2


Causes for Attrition: Phase II and Phase III



Market Opportunity: Solubilization Space







Fraud in Science – Loss of Scientific Integrity







Figure 4. Economic Costs of Irreproducibility. This figure represents the estimated US preclinical research 
spending and categories of errors that contribute to irreproducibility. Errors in study design and biological 
reagents and materials contribute to a majority of the approximately US$28 billion annually spent on 
irreproducible preclinical research in the US.  Note that the percentage value of error for each category is the 
midpoint of the high and low prevalence estimates for that category divided (weighted) by the sum of all 
midpoint error rates.  

     



 The current pervasive culture of science focuses on rewarding flashy, eye-catching and 
positive findings.  

 There is an increased emphasis on making provocative statements rather than presenting 
technical details or reporting basic elements of experimental design. 

 There are reports that less than one-third of biomedical papers can be reproduced; this is due 
to sloppy science blamed in part on scientific culture, training and incentives. 

 An unpublished survey by the American Society for Cell Biology (ASCB) in 2015 found that 
more than two-thirds of respondents had on at least one occasion been unable to reproduce 
published results. 

 Drug R&D is the absence of outstanding support structure from academic drug researchers 
who are typically not trained to separate “hits” into compounds good, bad and ugly. Many 
contend that, as a result, naivety about promiscuous, assay-duping molecules is polluting the 
literature and wasting resources.

 Shortcuts taken by antibody manufacturers and researchers alike have resulted in a crisis of 
reproducibility in antibody performance.

 Recently, the American Statistical Association (ASA) warned that P values cannot be used to 
determine whether a hypothesis is true or whether the results are important. According to the 
ASA, misuse of P values are also contributing to this irreproducibility crisis. 
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• Pharmaceutical industry:  progressively greater 
investment and diminished return

• Biotech:  success, but can society afford the 
products?

• Venture capital: fleeing medical products sector
• Academia:  30 year investment in biomedical 

research sector - will funding keep rising?  What is 
the academic role in translational research?

• Regulators blamed for:
– Current  problems in drug development
– Excess conservatism
– Excess enthusiasm

Janet Woodcock, MD
Director
Center for Drug Evaluation and Research
Food and Drug Administration

FDA Perspective
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Figure 3. The Valley of Death in Commercialization. The “valley of death” represents the gap that exists between 
R&D breakthroughs made at the cellular and molecular biology levels on one end and the static levels of new 
treatments, diagnostics and preventative tools reaching the market on the other. This is the time when ideas and 
inventions must undergo technical feasibility review, manufacturing optimization, market demand evaluation, 
reduction in production costs, commercialization potential studies. This is when prior to market entry decisions are 
made whether to proceed or terminate product development. The upstream side of the valley of death (the science 
side) represents basic research inherently fraught with uncertainty while downstream (the business side) represents 
the more regimented process of product development characterized by manufacturing, marketing, deliverables, 
deadlines, budgets. Commercialization is about the translation crossing these two distinct paradigms.  

h      ll h  d  Copyright © 2018 Raj Bawa. All rights reserved. 
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Source:  Nature, 2013

Global Patent Boom? Critical?



• Big pharma’s business model previously relied 
on a few blockbusters to generate profits.

• Patent expiration on numerous blockbusters in 
recent years is already altering the drug 
landscape. 

• Drug companies are also facing many other 
challenges that necessitate development and 
implementation of novel R&D strategies.

• Pharma landscape rapidly changing. 
Source: Bawa (2007). Patents and nanomedicine. Nanomedicine 1(2):150-158.               

Pharma’s Business Model
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Courtesy: Bloomberg, November 2013  



What is a Patent?

 A US patent is a legal document granted by the federal government 
whereby the recipient (or “patentee”) is conferred the temporary right 
(limited monopoly) to exclude others from:
making, 
using, 
selling, 
offering for sale, or 
importing into the US the invention for 
up to 20 years from the filing date.  

 A US patent provides protection only in the US and its territories.
 Does not grant the owner/inventor the right to use his invention
 Monopoly is in return for full disclosure to the public
 Patent can be licensed, assigned or conveyed
 Basis of US patent system in the constitution - Thomas Jefferson

“If a man can...make a better mousetrap, though he builds his house in the 
woods, the world will make a beaten path to his door.”
-- Ralph Waldo Emerson in an 1871 lecture
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Patent Office Swamped by Backlog
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Preliminary Classification System (only a rough estimate)
High Attrition/New Patent Examiners (~1200+ in ’07 alone)
Funding Issues (Congress-PTO Issues)
Patent Pendency (According to PTO - 25.4 to 44 months)
Pending (in ’07 - 700000 unexam.; 300000 examined)
Industry-PTO Interaction (Much More)
Training/Guidelines (Even More Needed)
Access to Non-patent Prior Art (Problems?)
Quality/Allowance Rate (77-95% vs. 54%)

Crisis at the US Patent Office
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Homes of the US Patent Office



SLEEPING-BUNKS OF THE FIRST RHODE ISLAND REGIMENT, 
AT THE PATENT OFFICE, WASHINGTON. 



Einstein in the Bern patent office. "A practical profession is a salvation for a man of my 
type; an academic career compels a young man to scientific production, and only strong 

characters can resist the temptation of superficial analysis."

Image © The Albert Einstein Archives, The Jewish National & University Library,
The Hebrew University of Jerusalem, Israel.



P.J. Federico

“[U]nder section 101 a person may have 
invented a machine or manufacture, which 
may include anything under the sun that is 
made by man.”

--Hearing on H.R. 3760 before Subcommittee No. 3 of the House 
Committee on the Judiciary, 82d Cong., 1st Session, 37 (1951)
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Patenting Life



Patenting Animals - The Harvard Mouse 





Your invention might be brilliant, but odds are somebody 
else thought of it (and is patenting it) too
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nanoparticles, nanocrystals, nanodots, colloidal 
crystals

carbon nanotubes, carbon fibrils, carbon 
whiskers, molecular wires 

dendrimers, dendritic molecules, 
starburst conjugates

Different Terms - Same Structures
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Proof in the Pictures

















From: The protein science of biosimilars
Nephrol Dial Transplant. 2006;21(suppl_5):v4-v8. doi:10.1093/ndt/gfl474
Nephrol Dial Transplant | © The Author [2006]. Published by Oxford University Press on behalf of ERA-EDTA. All rights reserved. 
For Permissions, please email: journals.permissions@oxfordjournals.org
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Terms with the prefix “nano”







The prefix “nano” in the SI measurement system denotes 10-9 or one-billionth.  There  is not 
even a consensus over whether the prefix “nano” is Greek or Latin.  While the term “nano” is 
often linked to the Greek word for “dwarf,” the ancient Greek word for “dwarf” is actually 
spelled “nanno” (with a double “n”) while the Latin word for dwarf is “nanus” (with a single 
“n”).

By the way….
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I would like to describe a field, in which little has been done, but in which an enormous amount 
can be done in principle. … What I want to talk about is the problem of manipulating and 
controlling things on a small scale.
Noblest Richard Feynman, Caltech, 1959 

There’s Plenty of Room at the Bottom





Kindly Provided by CRC Press/Taylor Francis Group



What is Nanotechnology?

-R. Bawa . Nanomedicine 2(3):351-374 (2007)
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Multilevel Roughness

Hydrophobicity

The Lotus Leaf



The Lotus Effect



How does the gecko gets its grip?













Human health has always been determined on the nanometer scale; this is where the 
structure and properties of the machines of life work in every one of the cells in every living 
thing.  The practical impact of nanoscience on human health will be huge. - Smalley
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European Science Foundation:

“…the science and technology of diagnosing, treating and 
preventing disease and traumatic injury, of relieving pain, and of 
preserving and improving human health, using molecular tools 
and molecular knowledge of the human body.”

Nanomedicine

Copyright © 2018 Raj Bawa. All rights reserved. 
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Nano: Repackaging of Old Terminology?

100 101 102 103 104 105

Emulsions

Micelles

Liposomes

Microemulsions

Nanoparticles

Diameter (nm)

Common Theme: “Solubilization”
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Site-Specific Drug Delivery

Solid tumor

apply magnetic field 
to concentrate 
nanoparticles (NPs)

modulate the 
magnetic field to 
release APIs from 
NPs

Inject MNPs 
intravenously,
MNPs will circulate 
through the blood stream

Other options for targeting:
-direct injection into tumor 
site
-coating MNPs with 
ligands like Abs for site-
specific targeting

Nano Can Address Lack of Specificity Issues

Copyright © 2018 Raj Bawa. All rights reserved. 



Nano Can Address Lack of Specificity Issues
Enormous R&D is focussed on site-specific delivery of therapeutics  -
delivery of therapeutics to the right place and releasing it there in a controlled manner.



Nano Can Improve the Therapeutic Window

Copyright © 2018 Raj Bawa. All rights reserved. 



Substrate

Polymer Coating
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Particle type A
Drug A
Particle type B
Drug B

Nano Enables Controlled Manipulation

Surface Elution on Demand - Stents
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Courtesy:  Elan PharmaceuticalsSolubility    Stability    Specificity    Toxicity   Efficacy 

Nano Can Address Poor Water Solubility Issues

Sources: Elan, Nature Group, Bawa Biotech 



Source: Dr. Mark Davis, CalTech



Tumor Busting Capsules

Graphic: Scientific American



Two companies, AcryMed and I-Flow, have collaborated on a surgical catheter for pain relief. What's 
unique about this device is the silver nanoparticle coating, which was approved by the FDA in Dec 2005 
as an inhibitor of infection-causing biofilm.



There is no formal definition for a nanotherapeutic (or nanodrug product) formulation. My 
definition: 

Nanodrug
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The prototype of targeted drug delivery can be traced back to the concept of a “magic 
bullet” that was postulated by Nobel Laureate Paul Ehrlich in 1908 (magische Kugel, his 
term for an ideal therapeutic agent) wherein a pathogenic organism or diseased tissue 
could be selectively targeted by a drug while leaving healthy cells unharmed. See: Ehrlich, 
P. (1913). Address in pathology. On chemiotherapy. Delivered before the 17th 
International Congress of Medicine. Br. Med. J., 16, 353–359; Witkop, B. (1999). 

This concept of a “magic bullet” was realized by the development of antibody-drug 
conjugates (ADCs) when in 1958 methotrexate was linked to an antibody targeting 
leukemia cells wherein the antibody component provides specificity for a target antigen 
and an active agent confers cytotoxicity. It should be noted that, technically, ADCs are 
NDDS.  The first FDA-approved nanotherapeutic was Doxil while AmBisome was the first 
one approved EMA. 

It should be noted, however, that a nanoparticulate iron oxide intravenous solution in the 
market since the 1960s and certain nanoliposomal products approved in the 1950s and 
later should, in fact, be considered true first nanomedicines.

In October 2011, One of the major drugs whose supply was deficient in the US was Doxil, 
and to curb this shortage, the FDA authorized the temporary importation of Lipodox in 
February 2012. In 2013, Lipodox became the first generic nanodrug approved in the US.

Historical Timeline 

Copyright © 2018 Raj Bawa. All rights reserved. 
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Source: Gert Storm





Liposome-Based Nanopharmaceuticals
Doxorubicin

Myocet® Doxil®
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Doxorubicin Pharmacokinetics

FORMULATION Cmax (µM) Clearance 
(L*H/M2 )

VOL.DISTRIBUTION,ss
(L)

MYOCET® 16.0 3.05 34.2

CONVENTIONAL 1.67 27.1 851

Swenson et al., Anti-Cancer Drugs 14:239-246, 2003

Doxorubicin Clearance (L*hr/M2)

Myocet® 3.05

Doxil® 0.041
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Adhesiveness 
Multivalence
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A small molecule will typically interact with only a single receptor on a biological surface.

Because of it its size and polyvalent nature, a dendrimer can activate many receptors
simultaneously. It can also constrain receptors to remain near each other. Through these
mechanisms polyvalency can lead to new or enhanced biological effects.
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Courtesy: ACS



Size Can Affect Safety



Copyright © 2018 Raj Bawa. All rights reserved. 



Copyright © 2018 Raj Bawa. All rights reserved. 





The Nanoparticle Corona as an Immunological Barrier

Source:



Source: Dr. S. McNeil







Source: Janos Szebeni, MD



Courtesy:  Small Times

It is likely that certain marketed nanoproducts like cosmetics which are not subject to 
pre-market approval (e.g., sunscreens containing zinc oxide and titanium dioxide) 
warrant some sort of safety labeling to alert the unsuspecting consumer.

Are most nanomaterials used in nanoproducts inherently toxic?
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US FDA + Baby Steps = 
Regulatory Uncertainty? 

• If the sponsor or manufacturer makes 
“nano” claims regarding the manufacture or 
performance of the product, FDA may be 
unaware that the product being reviewed 
and in the approval process employs 
nanotech or contains nanomaterials.

• European Medicines Agency?

Copyright © 2018 Raj Bawa. All rights reserved. 





Taxol® (i.v.) Taxol® (oral) TPGS NPs (oral)

Cmax (ng/mL) 33,100 103.6 459
AUC(0–t) (ng h/mL) 35,500 872 8510
Sustainable time (h) 21.2 7.02 88.2
Bioavailability (%) 2.46% 24.0%

Pharmacokinetic parameters of 10 mg/kg dose administration paclitaxel
formulated in the TPGS-emulsified PLGA NPs versus Taxol®.

Lin  Mei et al. Pharmaceutical nanotechnology for oral delivery of anticancer drugs. Advanced Drug Delivery Reviews Volume 65, Issue 6, 2013, pages 880 – 890.

New Drug Application (NDA) or 
Abbreviated New drug Application (ANDA)? 

Copyright © 2018 Raj Bawa. All rights reserved. 



The Coming Age of Theranostics

Theranostics allows for the imaging of cells before, during, and after treatment with a 
drug, thus providing a level of detection and assessment that is not currently available in 
cancer chemotherapy. 
Leading the way in this new form of personalized medicine are NPs which, 
when equipped with imaging agents, drugs and targeting groups, can in principle report 
the results of treatment at the cellular level.

Copyright © 2018 Raj Bawa. All rights reserved. 



Are Most Nanoproducts combination products? 

• FDA category-based system involving the “primary mode of 
action (PMOA)” improper in certain cases?

• Classification process  at the FDA is frequently imprecise as it 
is not always possible to clearly elucidate a combination 
product’s PMOA.

• The coming age of theranostics
(Image-Guided DD)

Drug or Device?



Regulating Nanomotors 





Regulating Nano-factories for Personalized Drugs 







Enter Biosimilars, Nanosimilars, NBCD Similars
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A biosimilar is a product that is
physically, chemically, biologically, and clinically

similar to an approved reference biological product.

Biosimilars

















From: The protein science of biosimilars
Nephrol Dial Transplant. 2006;21(suppl_5):v4-v8. doi:10.1093/ndt/gfl474
Nephrol Dial Transplant | © The Author [2006]. Published by Oxford University Press on behalf of ERA-EDTA. All rights reserved. For Permissions, please email: 
journals.permissions@oxfordjournals.org
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• 1. Buehler GJ, Conner D. The Food and Drug Administration process for approving generic drugs. [Online training seminar]. Office of Generic Drugs. US Food and Drug Administration. Published June 2007. 
Updated June 18, 2009. http://www.fda.gov/Training/ForHealthProfessionals/ucm090320.htm. Accessed December 30, 2010. 

• 3. Patel J, Aneja K, Tiwari R. Bioavailability and bioequivalence trials and its necessity. Intern J Pharmacy Pharm Sci. 2010;2(3):1-8.









Minor differences between the references product and the proposed biosimilar product in 
clinically inactive components are acceptable.





















Generic Nanomedicines 
Nanosimilars/Nanobiosimilars

NBCDs follow-ons



• Medicinal products (therapeutics) can be divided into three classes: 

• small-molecule drugs (NCEs)
• biologic drugs (NBCs)
• non-biological complex drugs (NBCDs)

• NBCDs more closely resemble biologic drugs than small-molecule drugs.  

• Many nanomedicines are NBCDs.

• NBCDs (e.g., liposomal drugs, glatiramoids, and iron-sugar complexes) lack a homo-
molecular structure but consist of different yet closely related chemical nanostructures that 
cannot be fully quantitated or characterized via conventional physico/chemical analytical 
tools. Their composition and quality generally depends upon the manufacturing process 
and controls. 

Nanosimilars - Generic Nanomedicines

Photograph by Tim Hawley/Getty Images (pills)
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The First Generic Nanodrug

Source: R. Bawa, 2018
Copyright © 2018 Raj Bawa. All rights reserved. 



Copyright © 2018 Raj Bawa. All rights reserved. 

Smith, J. A., Costales, A. B., Jaff ari, M., Urbauer, D. L., Frumovitz, M., Kutac, C. K., Tran, H., 
Coleman, R. L. (2016). Is it equivalent? Evaluation of the clinical activity of single agent Lipodox® 
compared to single agent Doxil® in ovarian cancer treatment. J. Oncol. Pharm. Practice, 22(4), 
599–604.



Taxol® (i.v.) Taxol® (oral) TPGS NPs (oral)

Cmax (ng/mL) 33,100 103.6 459
AUC(0–t) (ng h/mL) 35,500 872 8510
Sustainable time (h) 21.2 7.02 88.2
Bioavailability (%) 2.46% 24.0%

Pharmacokinetic parameters of 10 mg/kg dose administration paclitaxel
formulated in the TPGS-emulsified PLGA NPs versus Taxol®.

Lin  Mei et al. Pharmaceutical nanotechnology for oral delivery of anticancer drugs. Advanced Drug Delivery Reviews Volume 65, Issue 6, 2013, pages 880 – 890.

New Drug Application (NDA) or 
Abbreviated New drug Application (ANDA)? 







• Difficult to define an abbreviated procedure for market authorization for 
NBCDs

• generic or follow‐on biologic regulatory guidelines/pathways developed by EMA and FDA to 
discriminate between biologic drugs and small molecules cannot be extrapolated to NBCDs
as they cannot be fully characterized  

• Since NBCDs are not fully characterizable or amenable to therapeutic bioequivalence testing, 
comprehensive regulatory guidelines for follow-on versions of NBCDs are currently not 
developed

• As many of the NBCDs are also nanomedicines, the requirements for follow‐on NBCDs and 
follow‐on nanomedicines are facing the same lack of clarity and need for regulatory 
pathways.

• US Congress and FDA needs to address this issue to guarantee quality, safety and 
efficacy of follow-on NBCDs in future - maybe in 2019? 

How do you determine comparability of 
NBCD follow-on therapeutics?
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Lower drug prices, a priority for the Trump Administration, should not supplant patient 
safety and drug efficacy.

There are enormous pressures on drug regulatory agencies to approve follow-on 
versions (i.e., generic equivalents) of both biologics and nanodrugs. 

Frankly, judging from the rapid pace of biosimilars that were approved in the past year, 
the Trump administration seems to be pushing for an increase in biosimilar approvals at 
the FDA. 

Concurrently, the increase in the number of drug companies targeting generic 
opportunities and seeking US market exclusivity for generic versions of major branded 
products is on the rise.

Copyright © 2018 Raj Bawa. All rights reserved. 



Owing to the complexity of NBCDs and nanodrugs, showing equivalence is more 
challenging for their follow-on versions. Therefore, the interchangeability or 
substitutability of nanosimilars and their listed reference product(s) cannot be taken for 
granted. 

In the past, nanosimilars have been approved via generic pathways but differences in 
clinical efficacy and safety have been reported in the scientific literature following 
approval 

Copyright © 2018 Raj Bawa. All rights reserved. 
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In future, drug companies will need to increasingly prove to regulators that neither their 
manufacturing processes nor later use of the final drug product generates CARPA, 
immunogenicity, ADAs, or ICs in a manner that causes adverse reactions impacting 
safety or efficacy. Regulatory agencies must hold biologics and nanodrugs to strict 
safety and efficacy standards now so that corresponding follow-on versions later 
(biosimilars, nanosimilars, NBCD similars are also safe and efficacious. 

Copyright © 2018 Raj Bawa. All rights reserved. 



“[W]ith respect to drugs, there is no substitute for a well-controlled clinical trial to 
establish a drug’s safety and effectiveness and conducting such a trial is beyond the 
competence of individual consumers. Consumers, unprotected by regulations requiring 
such trials, are unable to judge the safety and effectiveness of a drug…Nevertheless, 
the regulatory framework is unsettled and there are now, as there have been in the past, 
demands in Congress and elsewhere to change the laws under which FDA operates.” 

Tyler, R. S. (2013). The goals of FDA regulation and the challenges of meeting them. 
Health Matrix, 22(2), 423–431: 
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Courtesy:  Small Times

What is the Reality?



“Commercial 
nanotechnology is at a 
nascent stage. Large-scale 
production challenges, high 
production cost, the public’s 
general reluctance to 
embrace innovative 
technology without real 
safety data or products, and 
a well-established micron-
scale industry are just a few 
of the bottlenecks facing 
early-stage nanotechnology 
commercialization.”

R. Bawa (2004). Nanotechnology Law and Business
1(1):31-50.

What are the problems?



N

What are the societal and ethical consequences? 



Fig 2   US patent thicket analysis by nanomaterial technology sector. (Courtesy of Lux Research, New York, NY, and Foley Lardner, 
Washington, DC).

R. Bawa. Nanomedicine: Nanotechnology, Biology and Medicine Volume 1, Issue 4, 2005 346 - 350

Is due diligence critical for commercialization?
Get out the patent microscope
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What are the best models?



Do we need to think outside the box?





Key Features
• A stand‐alone, easily accessible volume that 

examines and provides a broad survey of various 
topics pertaining to the immune effects of 
biopharmaceuticals and nanomedicines, both 
beneficial and adverse

• An essential reference for the novice and expert 
alike in diverse areas such as medicine, law, 
biotechnology, nanotechnology, pharmaceutical 
sciences, toxicology, drug development, regulatory 
science, and governmental affairs

• Highlights both cutting‐edge technological 
advances and also addresses critical topics such as 
nano-bio interactions, toxicity, and FDA regulatory 
issues978-981-4774-52-9 (Hardback)

978-0-203-73153-6 (eBook)
US$500, 1000 pages (approx.)
Winter 2018



Questions



https://www.nanomedus.org
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