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Sustained, targeted delivery is needed to widen the therapeutic window of chemotherapy

Cancer chemotherapy
2026 Scientific Retreat
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✗ Frequent administrations required

✗ Often resulting incomplete eradication

✓ Sustained/controlled drug release

✓ Targeted accumulation/action



A widely used anthracycline whose use is limited by systemic toxicity

Doxorubicin (DOX)
2026 Scientific Retreat
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DOX/DNA complex

Biochimica et Biophysica Acta (2014)

 Stabilizes DNA-Topoisomerase II complex to prevent DNA replication
 Known as the “red devil” (systemically toxic)



Doxil lowers toxicity, but anti-cancer efficacy is limited and cost is high

Liposomal DOX
2026 Scientific Retreat
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 Lowered toxicity 
 Limited cancer eradication; a high price tag 

Lipids:cholesterol:DOX = 12.77:3.19:2 
(11.1% w/w drug loading)



DOX intercalates into DNA to form a simple, high-loading drug carrier

DOX/DNA complexes for drug delivery
2026 Scientific Retreat
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https://www.sciencemag.org/

DNA DOX/DNA

✓ Simple preparation  ✓ Consistent & high drug loading   

✓ Little impurity           ✓ Efficient/readily drug release



DOX/DNA nanocomplexes self-assemble in a few simple aqueous steps

Simple, scalable production
2026 Scientific Retreat
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DNA in DI water Mixing with DOX Incubation for 
self-assembly

Dilution in 
desired saline

DOX in DI water



DOX/DNA extends circulation half-life ~19-fold over free DOX (66 vs. 3.5 min)

Circulation kinetics
2026 Scientific Retreat
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20 mg/kg DOX or DOX equiv. of DOX/DNA and Doxil given to C57BL/6 mice with a tumor (i.v. injection)
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Anti-tumor activity
A single i.v. dose of DOX/DNA suppressed tumor growth and prolonged survival

2026 Scientific Retreat
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EL-4 T cell lymphoma in C57BL/6 mice (syngeneic; i.v. injection)



Licensing partner advancing DOX/DNA (NADOX) toward the clinic

PharmaResearch, Co., Ltd.
2026 Scientific Retreat
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Independent nanomedicine characterization through the NCI Nanotechnology Characterization Lab

Collaboration with NCI/NCL
2026 Scientific Retreat
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In rats, DOX/DNA increased drug exposure (AUC) 34-fold vs. free DOX

PK studies (NCL)
2026 Scientific Retreat
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• Male Sprague-Dawley rats; IV injection, once; 10 mg/kg DOX equivalent

• Half-life: similar to DOX (13 times longer compared to the fixed initial concentration)

• AUCinf: 34 times higher than DOX



Metabolism and clearance match free DOX, with no concern for accumulation

Drug metabolism and clearance (NCL)
2026 Scientific Retreat
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• Identical metabolism and clearance (DOX vs DOX/DNA)
• Unbound drug concentrations/profiles were nearly identical
• No concern for accumulation
• Dramatically different PK from Doxil



Favorable immunological profile, with heparin-like activity and RANTES induction

In vitro immunological profiles (NCL)
2026 Scientific Retreat

14

Test items Results Note
Hemolysis Not hemolytic -

Platelet aggregation No induction -

Plasma coagulation Prolongation of APTT and thrombin time Heparin-like activity

Complement activation No activation -

Cytokine induction Not proinflammatory
Induction of RANTES Absence of IL-1, TNF, IL-6

CFU-GM Suppression of CFU-GM formation Common for cytotoxic oncology drugs

Leukocyte proliferation No induction
Inhibition of PHA-M induced proliferation Common for cytotoxic oncology drugs

“Induction of the chemokine RANTES, which suggests potential utility of NADOX in cancer immunotherapy when combined 
with immune checkpoint inhibitors”

“DOX is known to promote consumptive coagulopathy. DOX/DNA demonstrated heparin-like activity, likely due to polyanionic nature of the 
DNA component.
This may provide a collateral benefit for cancer therapy”



DOX/DNA featured among the regulatory successes of NCL assay cascade collaborators

Highlighted in the NCL 2025 Annual Report
2026 Scientific Retreat
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Toxicity was less severe than DOX at equivalent doses in rats and dogs

Comprehensive GLP toxicology package: improved safety vs. DOX
2026 Scientific Retreat
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Criteria Study items Compliance Species / Route of 
Administration

Formulation analysis Formulation analytical method validation 
(Full validation) GLP

Repeat-dose 
Toxicity study

3-week repeated Dose Range Finding 
(DRF) study Non-GLP Rat / IV infusion

Formulation analysis: Drug content

GLP
6-week repeat-dose toxicity Rat / IV infusion

+ 2-week recovery study Rat / IV infusion
+ 6-week repeat-dose toxicokinetics (TK) 

Study Rat / IV infusion

3-week repeated Dose Range Finding 
(DRF) study Non-GLP Dog / IV infusion

Formulation analysis: Drug content

GLP
6-week repeat-dose toxicity Dog / IV infusion

+ 2-week recovery study Dog / IV infusion
+ 6-week repeat-dose toxicokinetics (TK) 

Study Dog / IV infusion

TK Analyses

TK method development, feasibility Non-GLP -

TK method validation GLP Rat / IV infusion

TK analysis GLP Rat / IV infusion

TK method validation GLP Dog / IV infusion

TK analysis GLP Dog / IV infusion

Safety pharmacology Cardiovascular safety pharmacology 
(Telemetry) GLP Dog / IV infusion

“The toxicological effects of the test 
substance were significantly less severe 
than those of the comparative substance at 
the same dose level of doxorubicin.”

Rodent Non-Rodent

→ Novel excipient (NF) confirmed to be 
non-toxic, supporting a clean regulatory 
pathway

“NADOX showed improved safety vs. DOX across all GLP toxicology 
studies”



Mini-screen across PDX models: optimal efficacy vs. side effects at 12 mg/kg

PDX studies (mini-screen, CRL)
2026 Scientific Retreat
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DOX/DNA pairs DOX's broad indications with low cardiotoxicity and no hand-foot syndrome

DOX/DNA vs. DOX vs. liposomal DOX
2026 Scientific Retreat
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DOX/DNA DOX Liposomal Doxorubicin

Delivery technology Nucleotide fragment 
carrier Free drug : no carrier STEALTH® :

PEGylated liposome
Cardiotoxicity Low High Low

Hand-foot syndrome None None High

Half-life Moderate
(balanced PK) Short Long

Manufacturing Cost - Low High

Indication Coverage Inherits Dox's broad label 
via 505(b)(2)

10+ approved (ovarian, 
breast, leukemia, 
lymphoma, etc.)

3 indications (Ovarian, 
Kaposi’s sarcoma, 
multiple myeloma)



The 505(b)(2) pathway leverages existing DOX data to shorten development

Regulatory strategy
2026 Scientific Retreat
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FDA pre-IND feedback confirmed the 505(b)(2) route and supported the development plan

Pre-IND consulting
2026 Scientific Retreat
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Question Answers

Suitability for 505(b)(2) Appropriate

DOX/DNA quality control data Satisfactory, recommending 
supplementary data 

DNA as excipient Assessed to be acceptable

Manufacturing preparation plans Plans for manufacturing clinical materials 
are required

Pre-clinical data package Assessed to be sufficient

Suitability for Phase I studies Assessed to be appropriate but final 
decision to be made on IND



IND submitted in December 2025; FDA 'Study May Proceed' received in January 2026

IND submission and outcome
2026 Scientific Retreat
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IND package

CTD Module Content

Module 5 (Clinical study 
reports)

• Protocol
• Informed Consent Form
• Form 1572, Principal Investigator’s CV

Submitted in December 2025

Received in January 2026



PCT application filed; patents granted in Canada, Korea, Japan and Australia

Intellectual property status
2026 Scientific Retreat
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PCT international patent application filed for global protection

1IP5 (Intellectual Property 5): A forum of the five largest 
intellectual property offices in the world

Status
PCT Filed

US1 Under examination

China1 Under examination

EU1 Under examination

Canada Granted

India Under examination

Korea1 Granted

Japan1 Granted

Australia Granted

Hong Kong Under examination



cGMP manufacturing of clinical supply by ARDENA (the Netherlands)

ARDENA cGMP site
2026 Scientific Retreat
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Four NCI-designated comprehensive cancer centers selected for the Phase I study
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Farshid Dayyani, MD, PhD

Matthew P. Schlumbrecht MD, MPH

Andrew Davis, MD

Apostolia Tsimberidou, MD, PhD

Selected sites
2026 Scientific Retreat



From first-generation research in 2017 to IND clearance and clinical studies in 2026

Overview timeline
2026 Scientific Retreat
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2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027-

Basic research (first generation) Basic research (2nd generation)

Patent 
filing & 

licensing 
agreement

PCT filed

Collaboration with NCL

Preclinical efficacy studies (CRO)

GLP tox studies (CRO)

Manufacturing (CDMO)

Pre-IND & 
IND 

submission

IND 
cleared

Clinical studies

CROs



Specialist consultants supported each regulatory and clinical planning step

Consulting progress summary
2026 Scientific Retreat
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Company Name Key Activities

Ahn Bio Consulting Regulatory Review on FDA Requirements for Early-Stage 505(b)(2) Drugs

Parexel Nonclinical Data Review & Development Guidance

Biologics Consulting Review of CMC & Nonclinical Data, and Preparation of Early-Phase Clinical Study 
Design

OPIS Preparation of Pre-IND Meeting Package (Briefing Document)

Premier Consulting IND Dossier Preparation and In-depth Clinical Design & Strategy Discussions

AIMS PK Modeling & Clinical Operational Strategy Support

IQVIA (DDRS) IND Transfer & maintenance, Supplementary Nonclinical Study Plan for Introducing 
Additional Clinical Regimens, Clinical Study Synopsis/Protocol Review
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