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Lipid Nanoparticle (LNP) of mMRNA Vaccines is a Huge Success Against COVID19
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Several Successful NanoMedicines for Cancer Treatment
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S.C. injection for delivery
to lymph nodes to induce
B cell or T cell immunity
against virus or cancer.

Biopharmaceutics
is very different
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l.V. injection for delivery
to tumors or other organs
for kill cancer cells




Different Biopharmaceutics for Oral Drug Products vs.
NanoMedicines / NanoVaccines

Biopharmaceutics for oral drug products

— Physico-chemical properties, dosage forms

— Impact oral absorption/bioavailability (plasma Cmax, Tmax, AUC) (PO)

— Sameness of plasma PK profiles ensure the sameness of clinical dose/efficacy/toxicity

Biopharmaceutics for Nanomedicines / NanoVaccines

— Physico-chemical properties, nanoformulations

— Impact drug exposure and localizations of NanoMedicines in disease targeted tissues
vS. in normal tissues vs. in plasma (IV injection)

— Impact exposure and localization of nanovaccines in lymph nodes vs. other tissues vs.
in plasma (SC injection)
— Consequently, alter clinical dose/efficacy/toxicity



Implication of Biopharmaceutics of NanoMedicines / NanoVaccines

« Ensure Product Quality
— Whatare the product quality attributes to be controlled?
— Whatare the specifications of the products? Why?

« Regulatory approval
— 505(b)(2) pathway?

» Based on plasma profile?
« Based on tissue profiles? What tissue profiles? How to monitor??

— Whatdata need to be submitted for products approval?

* Design and Development Criteria
— NanoMedicine design criteria?
— NanoVaccine design criteria?



|. Could 505(b)(2) Pathway be Used for
Different NanoMedicines (IV Injection)?

Based on Plasma Exposure?
Based on Tissue Exposure/Localization?



Could be 505(b)(2) Pathway be Used for Abraxane vs. Taxol Based on Plasma Exposure (IV Injection)?
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Could be 505(b)(2) Pathway be Used for Abraxane vs. Cynvilog (genexol-PM) vs. Apealea
Based on Plasma exposure (IV Injection)?

Initial PK Data Analyses Suggest BE vs.

Albumin-Bound Paclitaxel
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Table 3 Bioequivalence (BE) analyses of comparison of various PK parameters of total and unbound plasma concentrations
of paclitaxel micellar with nab-paclitaxel
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Fig. 2 Mean (% SD) in all patients of total paclitaxel concen
paclitaxel micellar or nab-paclitaxel, 260 mg/mz, plotted in a li

Total paclitaxel

AUCq_1on 931 (9.23:9.39) 948 (9.39:9.56) — 017 (— 027:— 0.07)  0.85 (0.76:0.94)
(h ng/ml)
Conax (ng/ml) 8.91 (8.80:9.01) 8.97 (8.86:9.07) — 006 (— 0.20:0.08) 0.94 (0.82:1.09)5%

Unbound paclitaxel

AUE, jox v 6.33 (6.24:6.41) 644 (6.36:6.53) — 012 (— 022:— 0.01)  0.89 (0.80:0.99)2F
(h*ng/ml)
Cinax, (ng/ml) 5.93 (5.83:6.04) 595 (5.85:6.06) - 0.02 (- 0.16:0.12) 0.98 (0.86:1.12)%
Ratio
i — 075 (— 0.80:— 0.71) — 082 (— 0.86:— 0.77) 0.06 (0.01:0.12) 1.07 (1.01:1.12)%*

CI confidence interval, BE indicates that bioequivalence is shown
* Test parameter AUCq.1q5, of the fu-time curve; unit hours
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The Unique Clinical Efficacy/Safety of Different Anticancer
NanoMedicines

« Abraxane (Albumin nanoparticle) vs. Taxol . Pbraxane
— Efficacy '@: =136 nm
» Superior efficacy in breast cancer vs. Taxol
» Superior efficacy in non-small cell lung cancer (Abraxane + carboplatin vs. Taxol + carboplatin) Superior efficacy in
pancreatic cancer (abraxane + gemcitabine vs. gemicitabine)
* No efficacy difference in gastric cancer vs. Taxol
— Adverse Events
* Less neutropenia
* More neuropathy,
* More Gl toxicity
* Genexol-PM (PEG-PLA nanoparticle) vs. Taxol S Genexol-PM
— Efficacy 4 =22 nm
Non-inferior efficacy in metastatic breast cancer
— Adverse Events
* Increased neutropenia
« Paclical (all-trans retinoic acid analog micelle) vs. Taxol . Paclical
T =42 nm

— Efficacy
Non-inferior efficacy in ovarian cancer
— Adverse Events
* Not sure?



Abraxane Showed Superior Efficacy vs. Taxol
Genexol-PM Showed Non-inferior Efficacy vs. Taxol
in Breast Cancer Patients
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Abraxane and Genexol-PM Have Distinct Adverse Events (AEs) vs. Taxol

Abraxane

~136 nm Abraxane vs. Taxol
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Table 4. Adverse events

Genexol-PM {n=105)

Adverse event

Neutropenia

Gradel Grade?  2(Grade3 Gradel

=22 nm

Genexol (n=107)

Grade? 2 Grade3

Febrile neutropenia 0 1{L0) 309 |

Myalgia 6048 2067 §(86) 209 2643 8(75)
Nausea B8 133 329 £(393) 6(36) 109)
Neutopathy peripherel B4 W6BY 8076 Y iy oo s
Constipetion 716 200 0 B (Y 0
Arfhralgia 1wy 124 1{L0 §(84) 14(13.1) 3028)
Asthenia §(75) 4(38) 4038 W 1{103) 109)
Rash 16{15)  11(105) 2019 2112 §(84) 438)
Pruritus 13124 4(36) 0 17{159) §{75) 0
Insomnia 13124 7(67) 1{L0) 10093) 7(65) 0
Hypersensivity 5(48) 8(76) 309 2019 1{09) 1{09)

Values are presented as number (%),

Cancer Res Treat 49(3) (2017) 569-577.



Il. What Went Wrong with Anticancer
NanoMedicine Design



Current Anticancer NanoMedicine Design Criteria

Universal NanoDelivery Platform

¢ Tumor accumulation by Enhanced Permeability

Retention (EPR) to improve efficacy

¢ Long circulation and high plasma concentration
to reduce normal organ accumulation, reduce

toxicity

**One universal nanodelivery platform for

different drugs

Healthy endothelia

Preclinical Evaluation Clinical Translation
Enhanced Delivery Efficiency Altered Efficacy and
and Anticancer Efficacy Adverse Fvents

- od
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Micro-, Nano-Technology for Therapeutic, Vaccine, and Imaging
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Inconsistency in Nanomedicines’ Efficacy/Safety
Between Preclinical Cancer Models and Human Cancer Patients.

Most anticancer nanomedicinesfailed in clinical trials, despite excellent efficacy in
preclinical cancer xenograft models

Many successful anticancer nanomedicines were approved by comparison between
nanomedicines + standard care vs. standard care alone, without comparison with free

drugs

The clinical efficacy/safety of successful anticancer nanomedicines, in comparison
with free drugs, are inconsistentwith current nanomedicine design criteria

NanoMedicine did not universally decrease toxicity, but alter toxicity profiles



The Clinical Efficacy/Safety of Anticancer NanoMedicines are Inconsistent with
NanoMedicine Design Criteria

. Doxil
S =85 nm

* Doxil (PEGylated liposome) vs. doxorubicin
— Efficacy
« Superior efficacy in AIDS related Kaposi’s sarcoma vs. ABV
* No difference in metastatic breast cancer vs. doxorubicin
» No difference in ovarian cancer vs. topotecan
» Better efficacy in multiple myeloma (Doxil + Bortezomib vs. Bortezomib)

— Adverse Events

* Reduced cardiotoxicity (myopathy)

* Increased hand-and-foot syndrome (PPE), rash, mucositis, abdominal pain,
pigmentation, erythema

. Myoc_et (Un-PEGylated liposome) vs. doxorubicin o -
— Efficacy ~180 nm
» No difference in metastatic breast cancer (Myocet+ cyclophosphamide vs. doxorubicin +
cyclophosphamide)

— Adverse Events
* Reduced cardiotoxicity (myopathy), neutropenia, stomatitis
* Onlyone report for hand foot syndrome (PPE)



The Clinical Efficacy/Safety of Anticancer NanoMedicines are Inconsistent with
NanoMedicine Design Criteria

« Abraxane (Albumin nanoparticle) vs. Taxol Abraxane

— Efficacy ! =136 nm
» Superior efficacy in breast cancer vs. Taxol

» Superior efficacy in non-small cell lung cancer (Abraxane + carboplatin vs. Taxol + carboplatin) Superior efficacy in
pancreatic cancer (abraxane + gemcitabine vs. gemicitabine)

* No efficacy difference in gastric cancer vs. Taxol
— Adverse Events

* Less neutropenia

* More neuropathy,

* More Gl toxicity

* Genexol-PM (PEG-PLA nanoparticle) vs. Taxol = Genfzxzol-PM

— Efficacy

Non-inferior efficacy in metastatic breast cancer

— Adverse Events
* Increased neutropenia

« Paclical (all-trans retinoic acid analog micelle) vs. Taxol
— Efficacy

Non-inferior efficacy in ovarian cancer
— Adverse Events
* Not sure?




Doxil Showed Superior Efficacy vs. ABV in AIDS-related Kaposi’'s Sarcoma,
but Similar Efficacy to Doxorubicin in Breast Cancer Patients
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What Went Wrong with Anticancer NanoMedicine Design

For every complex problem
there is an answer that is

clear, simple, and wrong

[H.L. Mencken]

Henry Louis Mencken, 9/12/1880 - 01/29/1956
American journalist, essayist, satirist, cultural critic, and scholar of American English



Nanomedicine Design Only Based on Tumor Enhanced
Permeability and Retention (EPR)

May Not Be the Right Strategy in Human Cancer Patients.



Debate on Nanomedicine Desigh Based on Tumor EPR May
Have Mixed Two Different Questions

* Does tumor EPR exist in mouse xenograft cancers and human
cancers in comparison with normal tissues?

« Can nanomedicines enhance drug accumulation in tumors by
EPR, in comparison with free drugs, to improve clinical
anticancer efficacy?
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Tumor EPR was Observed for NanoMedicines in Human Cancers vs.
Normal Tissues
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Tumor EPR was Observed for Small Molecules
Breast Tumors vs. Normal Breast Tissues
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Enhanced NanoMedicine Accumulation in Tumor by EPR was only Achieved in subcutaneous and orthotopic cancers,
but not in transgenic spontaneous breast cancers
Nanomedicines vs. free drugs (or clinically standard formulation) in tumors
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The enhanced accumulation of Nanomedicine by tumor EPR was achieved in subcutaneous and orthotopic cancers,
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Nanomedicines vs. free drugs (or clinically standard formulation) in tumors
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Long Systemic Circulation Should Not Be a
Universal Nanomedicine Design Criterion



Long Circulating NanoMedicines May Reduce Tumor Penetration
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Long-circulating Nanomedicines Do not Universally Decrease Normal Tissue Distribution,
but Change the Tissue Distribution to Alter Efficacy/Safety
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Short-circulating NanoMedicines Have Distinct Delivery Efficiencyto Different Cell Types in Tumor
Microenvironment, Which is Associated With Clinical Efficacy.
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Short-circulating NanoMedicines Decrease Blood Concentration and Alter Tissue Exposure,
Which May Reduce Adverse Events in Blood Compartment but Increase Toxicity in Other Organs.
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A Universal Nanodelivery Platform for
Different Drugs May Not Be Feasible



A Universal Nanodelivery Platform for Different Drugs
May Not Be Feasible

 PEGylated liposome

— Encapsulate doxorubicin to increase efficacy in ARKS, reduce cardiotoxicity
— Encapsulate paclitaxel?

» Reduce efficacy? alter efficacy?

» Reduce toxicity? Which one? Neutropenia? Neuropathy?

= Doxil
5/ =85 nm

* Albumin nanoparticle

— Encapsulate paclitaxel to increase efficacy in breast cancer, lung cancer,
pancreatic cancer; reduce neutropenia, increase neuropathy

— Encapsulate doxorubicin? /j?;%xirrf
* Increase efficacy? reduce efficacy?
 Increase cardiotoxicity?
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+¢ Tumor accumulation by Enhanced Permeability
Retention (EPR) to improve efficacy
¢ Long circulation and high plasma concentration to
reduce normal organ accumulation and toxicity
\‘1' One universal nanodelivery platform for different drugs

Universal NanoDelivery Platform
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Drug-Specific NanoDelivery Systems

¢ Drug-specific

Overcome intrinsic shortcomings of drug’s physicochemistry,

Pharmacokinetics, Pharmacodynamics, and efficacy/safety
¢ Nano Carrier Specific

Alter tissue distribution for new efficacy/safety
+¢ Cancer type-Specific

Different cancer types may need different nano-carriers

QCell Type Specific

Deliver to different type of cells in tumor microenvironment

Altered Tissue Distribution
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Preclinical Evaluation Clinical Translation \
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lll. Biopharmaceutics of NanoVaccines

* Physico-chemical properties, nanoformulations, size, stability, surface etc.
« Alters lymph node delivery, localization, interaction with macrophages, DCs,
« Changes B cell and T cell immunity

Impacts clinical dose/efficacy/safety
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Modification of NanoVaccine Surface (with same particle size, same zeta
potential, same antigen density) Alters Delivery to Lymph Nodes (SC Injection)

Virus Spilke Mimicry (VSM) NanoVaccine
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Modification of NanoVaccine Surface (with same particle size, same zeta potential,

same antigen density)

Alters Geminal Center B cells and Antigen-Specific B cells (SC Injection)
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Modification of NanoVaccine Surface (with same particle size, same zeta potential, same antigen density)
Alters Antibody Productions and Efficacy (SC Injection)
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Implication of Biopharmaceutics of NanoMedicines / NanoVaccines

« Biopharmaceutics for Nanomedicines / NanoVaccines

— Interplay among physico-chemical properties and nanoformulations,
exposure/localization in disease targeted tissues and lymph nodes, and balance of
clinical dose/efficacy/toxicity

* Implication

— Ensure Product Quality
« What are the product quality attributes to be controlled?
« What are the specifications of the products? Why?

— Regqulatory approval

« 505(b)(2) pathway based on plasma exposure profile or tissue exposure profiles? What tissue exposure
profile? How to monitor?

« What data need to be submitted for products approval?

— Design and Development Criteria

« NanoMedicine design criteria?
« NanoVaccine design criteria?
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