


What is Nanotechnology?

= Basic Definition: Iechnology of buildin{g or creating products such as
electronic circuits from sing e atoms and molecules

* Deals with the making of materials by molecular self assembly
* Rearranging atoms to get:

* Manufactured products:
— made from atoms

= Properties of products:
- depends on how atoms are arranged

For instance, if we rearrange the atoms of coal, we can make diamond if
we rearrange the atoms in dirt water or air, we can end up with
potatoes!
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A Brief History of Nanotechnology

* On December 29, 1959, physicist
Richard Feynman gave a radical
lecture at an American Physical
Society meeting at Caltech titled
“There’s Plenty of Room at the
Bottom”.

* Feynman suggested that it should
be possible to make machines at
a nano-scale that "arrange the
atoms the way we want", and do
chemical synthesis by
mechanical manipulation.

* This lecture was the birth of the
idea and study of
nanotechnology.
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| Nanospheres and Nanocapsules
Nanoparticles
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* Chemotherapy:
- Drugs that effect cells that are doubling

- Not very specific

- Mostly intravenous, some oral agents
- Cytotoxic




Pharmacy

Slae Effects of Chemotherapy

a. Myelosuppression

Neutropenia i Nephrotoxicity

Anemia j. Neurotoxicity

Thrombocytonenia k  Alterations in sexuality and
b. GI and Mb::ztsaFl)eSide Effects reproductive function

Nausea and Vomiting | Cutaneous Reactions

Diarrhea s Acral erythema

Mucositis »  Hyperpigmentation

Anorexia »  Inflammation of keratoses

Constipation v Nail changes

Perirectal celult «  Neutrophilic eccrine hydradenitis

Alopecia »  Radiation enhancement

Fatigue s Radiation recall

Cardiac tOXiCitY _ »  Hand-and-foot syndrome VAGBERGEN
Fismonsy ey m.  Ocular Toxicity

Hemorrhagic cystitis T
Hepatotoxicity n. Secondary Malignancies

“Each capsule contains your medication,
plus a treatment for each of its side effects.”
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Conventional chemotherapy limitations

Washout form circulation (short time)

Poor solubility unable to penetrate biological membranes

MDR1 ( P-Glycoprotein ) prevent drug accumulation inside tumor
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polymer particle liposome

metal partscle ‘ %

hydrogel particle solid-lipid
hybrid particle

PEGylation or other coatings

X surface functional group
(e.g.,~SH, -NH,, ~-COOH)

surface charge

targeting ligand
(e.g., antibody, peptide, aptamer)
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Passive targeting

Nontargeting cell

Systemic toxicity
minimized
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Targeted Delivery

Targeted Delivery
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Liposome's

Liposome for Drug Delivery

Protective layer against
immune destruction

Drug crystalized . Upid-soluble
n aqueous flud — drug in bilayer
Lygn3-solubie
crug In betayor
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Doxorubicin

Liposome

Endosome/Lysosome

Methoxypolyethylene
gljcol (WPEG)
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Plasma Levels in Humans: DOXIL vs. doxorubicin
- Impressive change in PK profile
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Gabizon et al., Cancer Res. 1994




DOXIL Clinical Proofs of Added Value

e Cardiac function: Major reduction of cardiotoxicity as compared to
free doxorubicin in all settings. (2000)

- AIDS-related Kaposi's Sarcoma: superior efficacy over
former conventional therapy (1995)

» Recurrent Ovarian Cancer: Superior efficacy and improved
safety profile over comparator drug (topotecan) (1998)

 Metastatic Breast Cancer: Equivalent efficacy and reduced
cardiotoxicity compared to free doxorubicin (2003)

o Multiple Myeloma: Equivalent efficacy and improved safety profile

compared to free doxorubicin combo. Superior efficacy in combination with
bortezomib over single agent bortezomib. (2007)




Paclitaxel molecule i Nab-paclitaxel
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Key Patient Criteria
N =800

* Resected ductal
pancreatic
adenocarcinoma

* Macroscopic
complete resection
(RO and R1)

* Surgical staging:
T1-3, NO-1, MO

* Neuroendocrine and
mixed-type tumors
excluded

* No prior neoadjuvant
therapy or radiation
therapy for this

tumor type

Primary

* Disease-free
survival (up to ~9
months)

Secondary

* Qverall survival
(upto~18
months)

* Number of
participants with
adverse events

Estimated primary completion date: April 2019




Phase 3 Pancreatic Study Design

Trial designed to determine the efficacy and safety of MM-398 alone or in
combination with 5FU/LV versus an infusion of 5FU/LV
Study design reviewed by US FDA and EMEA; plan to file for mono and/or

combination arms with met endpoints
Primary endpoint: OS (4.5 mos mono, 6 mos combo vs 3 mos control)

NAPOLI-1 (NAnoliPOsomal Irinotecan) Trial

N=d0S patients MM-398 (120 mg/m2 q3wk)

Metastatic
Pancreatic Cancer

MM-398 (80 mg/m2 q 2wk) +
Received prior
gemcitabine based SFU/LV

therapy

RANDOMIZATION

5FU/LV (5/FU 2400 mg/m2 IV over
46 hrs, g2wk + LV 200mg/m2, q2wk)




MM-398 Increases the Amount of Active Drug Available at the
Tumor Site Compared to Other Encapsulated Agents In Vitro

MM-398: Sustained intra-tumor levels Abraxane®intra-tumor levels
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MM-398

Second Line Pancreatic Cancer

: : Single arm, MM-398 th 120 243
* Nanotherapeutic encapsulation ingle arm {dmn:::;:mir;ﬂ( mg/m? q3w)

of irinotecan

* Engineered for increased drug
deposition, local activation of
SN38, and prolonged cytotoxic
effects

* Diagnostic approach: utilize
imaging agent to identify
responders

Median Overall Survival:
5.2 Months
DCR: 50%
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* Taiwan Partner: PharmaEngine

0
\ / Note: Frontline gemcitabine 12 months — 0OS 18%
British Journal of Cancer, August 2013




Table 1. Nanoparticle Formulations of Anticancer Therapies Approved in the
United States and/or Europe

MName Vehicle Indication Where Approved
Pegylated Pegylated AlDS-related Kaposi sarcoma; after failure of, or in cases of intolerance S, Europe
liposomal liposomeas of, prior systemic chemotherapy
doxorublcin
Multiple myveloma; in comibination with bormezomib in patients who S, Europe
have not previously received bortezomib and who have received at
least 1 prior therapy
Advanced ovarian cancer; after failure of platinum-basad chemotherapy IS, Europe
Metastatic breast cancer; where thare is an increased cardiac risk Eurcps only
associated with conventional doxorubicin
Liposomal MNonpegylated Praviously untreated metastatic breast cancer; in combination with Europse only
doxorublcin liposomeas cyclophosphamids
Liposomal MNonpegylated Advanced AlDS-related Kaposl sarcorma; as firstline cytotoxic therapy LIS only
daunorublcin liposomeas
Liposomal MNonpeagylated Lyrmphomatous meningitis; for intrathecal use onby S, Europe
cytarabine liposome matrix
Liposomal MNonpegylated Relapsad Fhiladelphia chromosome—nagative acute ymphoblastic LIS only
vincristine liposormes leukermia
MNab-paclitaxel Manoparticles of Metastatic breast cancer; after failure of combination chermothearapy LIS, Europe
alburmin-bound for metastatic disease, or in cases of relapse within 6 months of
drug conjugates adjuvant chemotherapy
Locally advanced or metastatic non—small-cell lung cancer; with LS, Europe
carboplating, as first-ling treatment
Metastatic pancreatic adenocarcinoma; with gaemcitabine, as LIS, Europe
first-line treatrment
MNanoliposomal Pegylated Metastatic pancreatic adenocarcinoma; with fluorouracil and LIS, Europe
ifnotecan liposomeas leucovoring after progression following gemcitabinetased therapy
Liposomal MNonpegylated High-grade resectable nonmetastatic osteosarcorma; after Europs only
mifamurtide liposormes rmacroscopically complete surgical resection




Nanoshells as Cancer Therapy Nearifrared ght o

d Researchers can already link nanoshells to antibodies that recognize
cancer cells.

1 Inlaboratory cultures, the heat generated by the light-absorbing

nanoshells has successfully killed tumor cells while leaving
neighboring cells intact.

. Nanoshells |
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Table 2. Selected Nanoparticle Formulations in Clinical Trials for Cancer Therapy

Drug Name Vehicle

Active Therapeutic Clinical Trials

LIPOSOIVIAL AGENTS

l_yso—thermoser:-
sitive liposom
doxorub " (LT‘I_D)

Pegylated temperature-sensitive
liposome that forms pores. spe
ing drug release at 39—JA2°C

Doxorubi

Phase Il randomized trial: combined wvwith radiofrequency
ablation in hepatocellular carcinoma with solitary lesions
(NCTOZ2112656)

Phase | trial: oornb-necl wwith focused ultrasound to induce
tumoral hyperthermia in primary or secondary live
TuMmors (NCTOZ‘I S1075)

Phase Il trial: combined with RT and superficial hyp
thermia in locally relapsed breast cancer (NC‘I’02850419)

Phase | trial: combined with magnetic resonance

high-intensity focused ult and in p ic refr v
solid tumors (NCTOo2536183)
cPXxX-251 Liposome Cytarabine and Phase Il trial: in n diagnosed AML at high risk of

daunorubicin

¥ 3 ey
induction mortality (NCTOo2286726)

Phase /11 trial: combined wvvith fludarabine.
Nnd G-CSF in children with relapsed AL (NCT026~42965)

Pegvylated lipo
m-tomyc-n c lip
based prodrug

sommal
id-

Pegylated liposome

Lipid-based prodrug
of miitomycin C

Phase | trial: in advanced solid tumors (NCTO1705002):
and phase 1B trial: combined with cape cn(ablne in
metastatic colorectal cancer (NCTO1 705002

Liposomal
mitoxantrone
hydrochloride

Pegylated liposome

Mitroxantrone

Phase /Il wrial: in relapsed/refractory non-Hodgkln
Iymphoma (NCTOo2856685)

Phase Il trial: in metastatic breast cancer (NCTO2S96373)

Phase Il tria elapsed DLBCL and peripheral NK/S
T-cell Iymphoma (NCTOZ2597387)

LiPlaCis Pegylated liposome., wwith release
activated by tissue expression of

Prhospholipase A2 (PLA2)

Cisplatin

Phase | rial: in advanced solid tumors (NCTOo1861496)

Anti-EGFR

Pegylated liposome cowvalently
immunoliposomes

linked to antigen-binding frag-
ments of cetuximab

Doxorubicin

Phase Il trial: in advanced triple-negative EGFR-positive
breast cancer (NCTO283376S)

nMvi-zo= Pegylated liposome conjugated to
single-chain anti-HERZ>

antibodies (scFv)

Doxorubicin

Phase 111l trial: combined wvith trastuzumab., compared
wwith physician™s choice of chemotherapy for advanced
HERZ-amplified breast cancer after prior treatment with
trastuzumab, ado-trastuzumab emtansine., and pertuzurrnm-—
abD (NCTOo2213744). terminated follovwwing futility analysis

PROTEIN-DRUG CONJUGATES

Nanopartlele Nanoparticle albumin-bound
albumin-bou
rapamycin (ABI-oos)

Rapamycin (mTOR
inhibitor)

Phase Il trial: in metastatic solid tumors with mTOR
Pathway aberrations (NCTOZ2646319)

Phase Il trial: in advanced malignant PEComa
(NCTO2494570)

Phase /Il trial: in non—muscle-invasive bladder cancer
(NCTOZ00e332)

POLYIVIERIC NANOPARTICLES

Nanop. e carmp- COyclodextrin-PEG copohym.
tothecin (CRI_X1°1) jugated to drug: self-assembles
into 30- to 40-nm nanoparticlies

Camptothecin
(topoisomerase 1
inhibitor)

Phase Vil trial: combined wvwith olaparib in relapsed/
refractory small-cel T

D
Iung cancer (NCTO2769962)

Phase VI trial: combined wvvith paclitaxel in ovarian.
fallopian tube. or primary peritoneal cancer
(NCTOZ2389985)

Phase 1 trial: as monotherapy or combined wwith
bewvacizumab or with MFEFOLFOXE6 in solid cancers
(NCTO2648711)

Phase VI trial: combined wvvith capecitabine and RT as
Nneocadjuvant treatment of rectal cancer (NCTO2010587)

CRLX=01 Cyclodextrin-PEG copolymer con-
jugated to drug: selif-assembles
into nanoparticles

Docetaxel

Phase 1 trial: in solid cancers (NCTO2380677)

Doxorubicin Polyisohexylcyanoacrylate Doxorubicin Phase 111 trial: in advanced hepatocellular carcinoma
Transdrug Nnanoparticles (NCTOI1655693)
POLYIVIERIC MICELLES
D I i n Pegylated core-crosslinked Docetaxel Phase 1 trial: in solid cancers (NCTO2442531)
polymeric micelles
NC-eocoa Pegylated polymeric miceliar Cisplatin Phase /11 trial: combined wwith gemcitabine in
nanoparticles. with coordination mali-cell lung. biliary tract. and bladder cancers
bonds betvween platinum drug and (NCT02240238)
polymers
Phase 1 randomized trial: combined wwith gemcitabine.
vs gemcitabine alone. in locally advanced or metastatic
Pancreatic cancer (NCTO2043288)
Phase 1 trial: combined wvith S-FU and cetuximab in
metastatic head and neck sgquamous cell carcinoma
(NCT02817113)
Diami Pegylated platin hase 1 tr in advanced solid cancers or lymphoma

Ivrmeric micellar
nanoparticles. wwith rdination
bonds between platinum drug and
polymers

nocyclo
ane (DAcH)—platin
micelle (NC-40186)

et.
of oxaliplatin)

(NCTO‘I 999491 b}

Epirubicin micelle pH-sensitive pegylated polymeric
(NC-6200/K-912) micelie

Epirubicin

Phase | trial: in advanced solid tumors
(JaplcCTl-13222 1)

DENDRIMIER-DRUG CONJUGATES

endri er-docetaxel Pegyliated polylysine dendrimers
(DTX—SPI_B7&)

Docetaxel

Phase | trial: in ced solid tumors
(ACTRN12614000171617)

DNA/RNA/OLIGONUCLEOTIDE DELIVERY

SGT-53 Cationic liposome wwith antnrans—
ferrin receptor antibody fragment
on surface

TAPS2 cDNA in a
plasmid backbone

Phase 11 trial: comblned wwith gemcitabine and
nab-pac ic pancreatic cancer
(NCTO23401 17)

Phase | trial: as monotherapy and combined with cyclo-
pPhosphamide and topotecan in children (NCTO2354547)

Phase 1l trial: combined with temozolomide in
glioblastoma multiforme (NCTO2340156)

MTL-CEBPA Liposomal nanoparticle

Small activating RNA
to restore CES,A

Phase | t
w3 CT027 1 601 2)

N advanced hepatocellular carcinoma

FUS 7 nanoparticle DOTAP:cholesterol nanoparticles

FUS 7 expression
plasmid

Phase Vil trial: combined with erlotinib in stage IV
non—smali-cell lung cancer (NCTO1455389)

siRNA-EphAZ DOPC liposome

SIRNA targeting
degradation of EpfAZ

Phase | rial: in advanced solid tumors (NCTO1S5S91356)

BPI001 Liposome

GrbZ antisense
oligonucleotide

Phase Il trial: combined wwith low-dose cytarabine in
L patients who cannot tolerate induction therapy

A
(NCTOZ2781883)




Advantages and disadvantages of
using nanoparticles

Advantages

Preparation of
certain catalysts

Disadvantages

Could penetrate skin
and cause undesired
side-effects

Nanoparticles

'There is a lot that we
don’t know about
nanoparticles at the
moment. Much more
research is needed
before their use becomes
widespread o
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Cantilevers Can Make Cancer
Tests Faster and More Efficient
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Quantum Dots Can Find Cancer
Signatures

® - B— Quantum dot beads

Cancer cells _ ® Ed
Healthy cells

Cancer cells S DD D Quantum dot beads
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Molecular imaging & therapy

 Nanotechnology inmedicine

The abilty to manipulatestructures and properties at the nanoscale in medicines

’
Iike having a sub-microscopic ab bench on which you can handle cell components,
_— VInuses o places of DA, Lsing a range of thy tools, obots and ubes,
oy
Chemists at New York University (NYU) have created & nanoscale robot from DNA
fragments that walks on two legs ust 10 nm ong,
: ; 0 6 B ) The genesls of nanotechnology can be traced to the promise
dia;'::;d ) of revolutionary advances across medicine, communications,
r;; : \ genomics and robotics
Targeting
medication AN Killing
cancer
Homing on f cells
tumor
N
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