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NCL’s research activities are focused
on five key areas:

Characterize nanomedicines using standardized methods

Conduct structure activity relationship (SAR) studies

NCL formulation services

Facilitate regulatory review of nanotech constructs

Engage in educational and knowledge sharing efforts
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NCL’S ASSAY CASCADE
NCL’s Assay Cascade is a characterization program aimed at providing
researchers free characterization support to aid their development
process and contribute to their translational efforts.
Each quarter, the NCL accepts promising cancer nanotechnology
strategies and provides support in the areas of physicochemical,
immunology, pharmacology and toxicology characterization.
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White Paper Applications Received

At any given time, the NCL has approximately 20-30 ongoing projects
at various stages within the NCL Assay Cascade. Each accepted
project will receive a custom-tailored research plan with assays
selected specific to their nanoparticle platform, active pharmaceutical
ingredient, and cancer indication, to help fill the gaps in their characterization portfolio of the formulation.
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Proposals Accepted

42%

Overall Acceptance Rate

Interested in learning more about NCL’s Assay Cascade program, please reach out to us at ncl@mail.nih.gov.
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NANOPARTICLE CHARACTERIZATION
The NCL sees dozens of nanoparticle submissions every year, and to date,
has characterized more than 1,000 nanoparticles in its Assay Cascade
characterization program.
These nanoparticle submissions have spanned the gamut of nanoparticle
Other 7%
platforms, APIs, and oncology indications, giving NCL unique experienceVaccine
3%
and expertise with the wide range of nanomaterials being exploredAntibiotic
to 3%
30
combat cancer.
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Imaging
7%
investigator for any purpose, including publication, to secure venture
53%
58
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Radio/
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13%
investigator, have attended regulatory meetings to defend and discuss
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NCL-generated data on the formulation.
Total Nanoparticles Characterized
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The NCL is continuing to accept applications for COVID-19 related nanotechnologies as part of the NCL Assay Cascade.
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The majority of submissions to the NCL in 2021 were
for therapy/chemotherapy treatment of cancer. APIs
included traditional chemotherapeutic agents such
as paclitaxel, doxorubicin, docetaxel, and irinotecan,
among others. Other therapeutic modalities included
proteins, peptides and siRNA.
The NCL
is continually
seeking to extend our
Personalized
3%
characterization
services
toOther
underrepresented
Breast Cancer
Multiple
Myeloma
11% the22%
6%
nanostrategies
that fall outside
traditional
chemotherapy space. To this end, several submissions
COVID-19
8% that focused on immunotherapies,
were
accepted
Pancreatic Cancer
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radio/photosensitizers, imaging agents, and more.
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Strategies to treat breast cancer accounted for
nearly one-quarter of NCL submissions in 2021, with
pancreatic, ovarian and lung cancer each accounting
for just over 10% of submissions for this year.
New this year, the NCL also accepted strategies
for SARS-CoV-2 therapy and prevention. The NCL
continues to accept applications for nanotechnologies to combat the ongoing COVID-19 pandemic.
The application process for COVID-19 nanoformulations follows the same application process and
deadlines as the standard oncology application
process.

Ovarian Cancer
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PROTOCOLS & STANDARDS EFFORTS
New NCL Protocol
To assist the growing need of the research community in methods
detecting innate immunity modulating impurities in nanoformulations,
and to interrogate immunomodulatory properties of nanoparticle-based
delivery platforms, NCL recently added a new protocol to the NCL’s Assay
Cascade resources. The new protocol aims to analyze a nanoparticle’s ability
to activate innate pattern recognition receptors of the toll-like receptor
(TLR) family.
ITA-29: Detection of nanoparticles’ ability to stimulate toll-like
receptors using HEK-Blue reporter cell lines

75

Protocols available on NCL
website

>1,700

Protocol downloads from the
NCL website
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Find all 75 of NCL’s protocols here:
https://ncl.cancer.gov/resources/assay-cascade-protocols

Standards under development
with ASTM & ISO

ISO Efforts
As a member of the ISO TC229 joint working group 2, NCL is leading efforts at establishing new standards in the
nanomaterial characterization space. Current efforts include drafting a new standard pertaining to the physicochemical characterization of drug-loaded liposomal formulations. This standard is expected to go to ballot in 2022.
ASTM Efforts
NCL staff participate as active members of the E56 Nanotechnology working group of ASTM. As part of these
efforts, and to support knowledge-sharing efforts as one of NCL’s founding objectives, the NCL is leading efforts
to promote 11 new standards within ASTM International. Our current collaboration with ASTM focuses on various
protocols for physicochemical and immunological characterization of nanoparticles.
International Consortium for Innovation & Quality in Pharmaceutical Development
The IQ Consortium is an organization comprised of 40+ pharmaceutical and biotechnology companies whose
mission is to advance best practices, inform standards and regulation, and facilitate constructive scientific
exchange. NCL was an invited member of the IQ’s Nanomaterials and Nanotechnology Working Group. As part
of this group, NCL is helping to develop approaches to address common Chemistry, Manufacturing and Controls
(CMC) challenges that industries face most often.

https://ncl.cancer.gov
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NCL FORMULATION HIGHLIGHTS
NCL’s formulation lab provides formulation support for the NCI Division of Cancer Treatment and
Diagnosis (DCTD), as well as the NIH intramural programs through NIH Technology Transfer’s
Invention Development Program. Nanotech formulation support is also available as a fee-based
service to the extramural community through the cCRADA mechanism.
Formulation efforts seek to address issues such as poor solubility,
toxicity and pharmacokinetics. This is accomplished using translational
formulations that, in some cases, incorporate tissue targeting and
controlled drug release properties. In addition to drug formulation, we
also provide formulation characterization utilizing our foundational Assay
Cascade services, including in vitro and/or in vivo testing for toxicity,
efficacy, and pharmacokinetics.
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Forumulation projects

This past year, the NCL assisted with 10 formulation projects in the areas of cancer
chemotherapy, immunotherapy and diagnosis, and HIV therapy, which included formulation
of peptide, lipid and small molecule APIs in liposomal, micellar and polymeric drug delivery
systems. Highlights include advancement of a controlled release HIV drug formulation into
primate testing and several cancer therapies into preclinical testing.

NCL Formulation Partners 2020–2021
• Dr. Jay Berzofsky, Branch Chief, NCI Vaccine Branch: Development and in vivo characterization of a targeted
polymeric glycolipid prodrug for pancreatic cancer immunotherapy.
• Dr. Terry Burke, Head, Bioorganic Chemistry Section, Chemical Biology Laboratory, NCI Center for
Cancer Research (CCR): Development and in vivo characterization of a HIV integrase inhibitor macromolecular
prodrug-controlled release formulation.
• Leidos Health, Leidos, Inc.: Development and in vivo evaluation of a macromolecular prodrug formulation of a
peptide PD1/CTLA-1 inhibitor for cancer therapy.
• Dr. Jason Marshall, Scientific Manager, Cancer Immunoprevention Laboratory, NCI Vaccine, Immunity and
Cancer Directorate: Evaluation of a polyplex peptide therapeutic vaccine for K-Ras cancers.
• Natural Products Program, NCI DCTD: Development and in vivo characterization of aclacinomycin A liposome
and brefeldin A polymeric prodrugs.
• NCI’s Experimental Therapeutics (NExT) Chemical Biology Consortium, NCI DCTD: Development and in vivo
characterization of p97 inhibitor macromolecular and liposomal formulations.
• Dr. Jill Smith, Professor of Medicine, Georgetown School of Medicine: Developed a CCK-B-targeted imaging
agent for early detection of pre-cancerous pancreatic intraductal neoplasia (PanIN). (ref. Cholecystokinin-B
Receptor-Targeted Nanoparticle for Imaging and Detection of Precancerous Lesions in the Pancreas. J.P. Smith, H.
Cao, E.F. Edmondson, S.S.K. Dasa, S.T. Stern. Biomolecules. 2021, 11(12):1766. PMID: 34944412)
• Dr. Brad St. Croix, Head, Tumor Angiogenesis Unit, NCI CCR: Characterization of CD276 targeted antibody-drug
conjugate for anti-angiogenic therapy.
• Dr. Nadia Tarasova, Head, Synthetic Biologics and Drug Discovery Facility, NCI CCR: Development and in vivo
characterization of a chemotherapeutic K-Ras inhibitor lipopeptide micelle.
• Dr. Zhengping Zhuang, Head, Cancer Stem Cell Biology Program, Neuro-Oncology Branch, NCI CCR:
Development of a CDK5 inhibitor micelle for glioblastoma.

https://ncl.cancer.gov
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STRUCTURE-ACTIVITY RELATIONSHIP EFFORTS
Structure-activity relationship (SAR) studies are an important tool in gaining a deeper
understanding of the direct relationship nanoparticle physical and chemical attributes may have
on biological activity of the formulation or biological response to the formulation.
NCL has long-standing collaborations with several prominent researchers in the field of nucleic
acid nanotechnologies, and aids in their research efforts to provide further knowledge and insight into this
important and up-and-coming area of nanoparticle research.
In NCL’s most recent collaborative study, with PIs Kirill Afonin, University of North Carolina Charlotte, and Neill
Liptrott, University of Liverpool, the team compared the use of dendrimers and lipid-based delivery platforms for
differences in cytokine induction upon delivery of nucleic acids.
Most studies published to-date have utilized lipid-based platforms for delivery of nucleic acids. However, altering
the delivery platform could provide a means of altering the immunostimulation effects of these therapeutic agents.
This study explored the use of amine-terminated PAMAM dendrimers as an alternate delivery strategy and found
that the cytokine profile elicited was altered both qualitatively and quantitatively. The results from this study
suggest that an approach of tailoring the delivery platform’s physicochemical properties could successfully curb
unfavorable immunostimulatory properties of nucleic acid treatment strategies.

Read the full research article
Induction of cytokines by nucleic acid nanoparticles depends on the type of carrier.
Y. Avila, M. Chandler, E. Cedrone, H. Newton, J. Xu, J.D. Clogston, N. Liptrott, K. Afonin, M.A. Dobrovolskaia
Molecules, 2021, 26(3), 652. PMID: 33513786

Recent reviews and editorials on nucleic acid nanoparticle technologies
Opportunities and challenges for the clinical translation of structured DNA assemblies as gene therapeutic delivery
and vaccine vectors.
M.A. Dobrovolskaia and M. Bathe
WIREs Nanomedicine and Nanobiotechnology, 2021, 13(1), e1657. PMID: 32672007
2021: An immunotherapy odyssey and the rise of nucleic acid nanotechnology.
M. Panigaj, M.A. Dobrovolskaia, K.A. Afonin
Nanomedicine (Lond), 2021, 16(9), 1635–1640. PMID: 34170189
The recognition of and reactions to nucleic acid nanoparticles by human immune cells.
D. Bila, Y. Radwan, M.A. Dobrovolskaia, M. Panigaj, K.A. Afonin
Molecules, 2021, 26, (14), 4231. PMID: 34299506
Critical review of nucleic acid nanotechnology to identify gaps and inform a strategy for accelerated clinical
translation.
K.A. Afonin, M.A. Dobrovolskaia, W. Ke, P. Grodzinski, M. Bathe
Advanced Drug Delivery Reviews, 2021, 181, 114081. PMID: 34915069

https://ncl.cancer.gov
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ADVANCEMENTS OF NCL COLLABORATORS’
NANOPARTICLES TO CLINICAL TRIALS
With the recent 50th anniversary of the National Cancer Act of 1971, the NCL is proud to have
contributed to the advancement of more than a dozen novel nanomedicines into clinical trials.
The following highlights the most recent clinical advancements by NCL
Assay Cascade collaborators, including testimonials of NCL’s contribution
to their translational progress.

Aadi Bioscience
Aadi Bioscience received FDA approval (New Drug Application, NDA) for
its FYARRO formulation in November 2021, a sirolimus protein bound
nanoparticle for treatment of advanced unresectable or metastatic
malignant perivascular epithelioid cell tumor, making it the first such
treatment for this disease.

17

NCL Collaborators in Clinical Trials

>100

Clinical Trials arising from
these collaborations

NCL contributed to the Chemistry, Manufacturing and Controls (CMC) section of their NDA and participated
in the face-to-face meeting between Aadi Bioscience and FDA personnel to defend and address questions
pertaining to NCL-generated data.
https://aadibio.com
Aadi Bioscience contracted NCL to conduct characterization studies during the development of an FDA approved
nanoparticle injectable drug product. NCLs project leadership, scientific, and technical staff were integral to the
development of protocols, which they executed flawlessly and within agreed timeframes. Data were reviewed
contemporaneously with the company’s development team and complex issues were interpreted and discussed.
Aadi is continuing to build on its positive experience and will be conducting further studies with NCL in the future.



Mitchall Clark
Sr. Vice President Regulatory Affairs and Quality Assurance, Aadi Bioscience

Ayana Pharma
In October 2021, Ayana Pharma received FDA approval for a generic doxorubicin-HCl liposome injection,
LC101. As with the innovator product, Doxil, LC101 is approved to treat ovarian cancer, multiple myeloma, and
AIDS-related Kaposi’s sarcoma.
To aid Ayana Pharmaceuticals, and using our experience in testing Doxil, NCL provided in-person training and
consultation to key personnel within the company with respect to physicochemical characterization techniques
and pyrogenicity testing.
https://www.ayanapharma.com
For quite a long time, our small startup company was amidst continuous back-and-forth interaction with the FDA,
eventually crowned by the marketing authorization of our generic Doxil granted in 2021. Dr. Marina Dobrovolskaia
arranged for me to visit the NCL facility. Moreover, I was given a rare opportunity to present to the NCL team our
vision of physico-chemical characterization of the nanodrug. Discussions with Marina, Dr. Jeff Clogston, and other
members of the staff were priceless in both learning the state-of-the-art milieu of the nanodrug research from
first-class experts, and assuring confidence in our company’s capabilities. I hope to keep in touch with this excellent
laboratory for future projects as well.



Dima Shamrakov
Head of R&D, Ayana Pharma Ltd.

https://ncl.cancer.gov
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ADVANCEMENTS OF NCL COLLABORATORS’
NANOPARTICLES TO CLINICAL TRIALS
SN Bioscience
SN Bioscience recently started Phase I clinical trials (NCT04640480) with their SNB-101
formulation, a micellar nanoparticle with SN-38. The formulation is being tested in patients with
advanced solid tumors of colorectal, breast, pancreatic, ovarian, small-cell lung, gastric, and head and neck cancers.
The NCL and SN Bioscience have a longstanding collaboration for characterization of the clinical candidate
formulation. Specifically, NCL developed a bioanalytical assay to evaluate drug release of the total dosage form,
provided extensive physicochemical characterization in an effort to gauge lot-to-lot variability, as well as conducted
in vitro immunotoxicity studies.
http://www.snbioscience.com

Collaboration with NCL helped us understand the specific characteristics of our formulation. In particular, NCL
provided useful information on the test and evaluation methods necessary for our nano-medicine development. The
NCL’s study reports served as the theoretical and practical support for our data package, enabling clearance of the
FDA IND of our product. We hope to continue collaborating with NCL.



Siyoung Jung
Executive Vice President, SN Bioscience

Salvacion USA, LLC
Salvacion USA’s COVIXYL-V formulation is currently undergoing review within the FDA as another tool to reduce
viral transmission of SARS-CoV-2 in the ongoing fight against COVID-19 . The ethyl lauroyl arginate HCl (ELAH)
formulation is a nasal spray intended to reduce transmission by preventing viral uptake and replication in the nasal
passages. Once authorization is granted, Salvacion USA intends to make the spray available as an over-the-counter
prophylactic for consumers.
Salvacion USA has already obtained approval for the launch of COVIXYL-V in South Korea, Chile, and South Africa.
Regulatory documents have also been submitted to the EU for review of the formulation by EMA as well.
https://salvacion-usa.com, https://covixyl.com

The NCL performed a comprehensive battery of tests to optimize the COVIXYL™ formulation, including endotoxin
and β-Glucan testing, physicochemical characterization, and pharmacokinetic studies. Those tests concluded that
the barrier effect created by the active ingredient (ELAH) is retained for several hours in the nasal passage, and no
adverse effects were observed. NCL tremendously contributed to the commercialization of COVIXYL™ by proving its
safety and long-lasting protection.



Dr. Abdul Gaffar
Co-Founder, Salvacion USA, LLC

https://ncl.cancer.gov
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NCL SUPPORT OF US FDA
Detecting Innate Immune Responses
The FDA published a guidance for industry in 2021, “ANDAs for Certain Highly Purified Synthetic
Peptide Drug Products That Refer to Listed Drugs of rDNA Origin”, where it recommended that
supporting data should be provided to demonstrate that proposed generic synthetic peptides do
not contain impurities or contaminants that produce a greater or distinct stimulation of innate immune responses
as compared to the reference listed drug (RLD) .
In 2019, the NCL began a 2-year interagency collaboration with the FDA to identify non-clinical in vitro assays for
assessing and predicting potential innate immune responses induced by innate immunity modulating impurities
(IIMIs) in RLD and/or generic peptide drug products. The results of this recently completed 2-year study may prove
critical for supporting the review and approval processes of generic synthetic peptide drug products.
This work utilized three model RLD: Teriparatide, Liraglutide and Semaglutide. The assays used to initially assess the
compounds included endotoxin and beta-glucan detection, complement activation, leukocyte proliferation, and
cytokine secretion. The cytokine assay was shown to have the highest sensitivity to IIMIs, and as such, a multiplex
panel of cytokines was validated for detecting the unique profiles induced by each formulation.
The findings from these studies have been summarized in a recent publication.

An in vitro assessment of immunostimulatory responses to ten model innate immune response modulating
impurities (IIRMIs) and peptide drug product, Teriparatide.
C.K. Holley, E. Cedrone, D. Donohue, B.W. Neun, D. Verthelyi, E.S. Pang, M.A. Dobrovolskaia
Molecules, 2021, 26(24), 7461. PMID: 34946542

NCL Trainings and Talks at the FDA
• “Understanding in vitro innate immune responses to Teriparatide and innate immunity modulating impurities”
FDA Workshop, Non-clinical Immunogenicity Assessment of Generic Peptide Products
January 26, 2021
• “Frontiers in characterization of nanotechnology formulated drugs and devices”
NCL-FDA Center for Devices and Radiological Health (CDRH) workshop
April 9, 2021
• “Understanding the complexities of nanomedicine pharmacokinetic, bioequivalence and drug release testing”
FDA Office of New Drug Products, Education Committee Seminar
September 30, 2021

https://ncl.cancer.gov
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SUMMARIZING NCL FINDINGS
IN PUBLICATIONS
Physicochemical Characterization
Asymmetric-flow field-flow fractionation (AF4) is becoming an increasingly
popular technique to characterize the size distribution of nanoparticles,
providing a more detailed analysis than traditional batch-mode techniques.
Furthermore, when coupled with various detectors and off-line techniques,
AF4 can provide data beyond size distribution, including drug loading across
the various size populations and overall nanoparticle stability.
Asymmetric-flow field-flow fractionation for measuring particle size, drug
loading and (in)stability of nanopharmaceuticals. The joint view of European
Union Nanomedicine Characterization Laboratory and National Cancer
Institute–Nanotechnology Characterization Laboratory.
F. Caputo, D. Mehn, J. Clogston, M. Rösslein, A. Prina-Mello, S.E. Borgos, S.
Gioria, L. Calzolai
J Chromatogr A, 2021, 1635, 461767. PMID: 33310281

112

Average Citations per Article*

1,293

Average Citations per Year*

21,977

Total Citations*
*Publons.com

Immunology
Cytokine storm is characterized by release of excess proinflammatory cytokines and results when the innate
immune system is over-activated. Complement activation is a known, major component of innate immune system
stimulation. Therefore, identifying a connection between complement activation and cytokine storm could
lead to new prevention and treatment strategies. This collaborative study identified mini-Factor H as a potential
complement inhibitor, which could be translated for use to prevent cytokine storm.
Mini-Factor H modulates complement-dependent IL-6 and IL-10 release in an immune cell culture (PBMC) model:
potential benefits against cytokine storm.
G. Tibor Kozma, T. Mészáros, T. Bakos, M. Hennies, D. Bencze, B. Uzonyi, B. Győrffy, E. Cedrone, M.
Dobrovolskaia, M. Józsi, J. Szebeni
Front Immunol, 2021, 12, 642860. PMID: 33995361

Pharmacology
This collaborative publication resulted from characterization performed as part of the NCL Assay Cascade program
and highlights the stable isotope tracer ultrafiltration assay (SITUA). The SITUA is a novel technique that can be used
to quantitate the encapsulated, unencapsulated and protein bound drug fractions and is a particularly useful tool
for evaluating bioequivalence. The SITUA can be conducted as part of the Assay Cascade or purchased separately
through the Technical Services program.
Bioequivalence assessment of high-capacity polymeric micelle nanoformulation of paclitaxel and Abraxane® in
rodent and non-human primate models using a stable isotope tracer assay.
D. Hwang, N. Vinod, S. Skoczen, J. Ramsey, K. Snapp, S. Montgomery, M. Wang, C. Lim, J. Frank, M. SokolskyPapkov, Z. Li, H. Yuan, S. Stern, A. Kabanov
Biomaterials, 2021, 278, 121140. PMID: 34634661.

https://ncl.cancer.gov
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