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Statistics

>0.7 million cases are detected each
year

6.7 million people will die from
cancer

Every day, around 1700 Americans
die of the disease

20.4 million people living with
cancer in the world today
1 in 3 people will be diagnosed with

cancer in the UK and 1 in 4 will die
from their disease



The Global Burden of Cancer 2000
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What is Cancer?

Division — uncontrolled cell division

Growth — formation of a lump (tumour) or large
numbers of abnormal white cells in the blood

Mutation — changes to how the cell is viewed by the
Immune system

Spread — ability to move within the body and survive In
another part



Growth

« Tumour

* Pressure on nerves
Blocking organs
Stopping normal function
Altering nerve signals
Fungating



Mutation and Spread

* Invasion

« Angiogenesis

It must be able to leave its usual environment and travel through the
blood or lymph system, a process called invasion .

« when it arrives at its new location, it must be able to make new blood
vessels grow around it and supply it with oxygen and nutrients, a
process known as angiogenesis.

Angiogenesis and Tumor Growth

Remodeling/Proliferation Tumor Cell Invasion




What are the differences in the
features of normal and cancer cells?
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Malignant versus benign tumours
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Malignant (Cancer)

invade neighboring tissues

enter bloodstream and
metastasize to different sites




Normal and abnormal cell growth
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Metastatic cancer

epithelial cells
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What causes cancer?




Carcinogenesis.
Some factors to consider...

« Heredity
o Immunity
« Chemical
* Physical
* Viral
 Bacterial
« Lifestyle



http://www.alternative-cancer.net/images/Cancer_cell,%20brain.jpg

Immunity

« HIV/AIDS
* Immunosuppression

A person who is undergoing immunosuppression, or whose immune system is weak
for other reasons (for example, chemotherapy or HIV), is said to
be/mmunocompromised. An immunosuppressant is any agent that weakens the
immune system, including immunosuppressive drugs and some environmental
toxins.
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Smoking and alcohol

Smoking: Single biggest cause of cancer

Combination of Alcohol and Cigarettes
Increases Risk for Cancer of the Esophagus
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Physical causes

e Ultraviolet radiation
« Sunlight
e Certain industrial sources

eRadiation
Radon
eCancer treatment




Obesity

Lifestyle:
- Highly caloric diet, rich in
fat, refined carbohydrates and
animal protein
- Low physical activity
Conseqguences:

- Cancer

- Diabetes

- Cardiovascular disease
- Hypertension



Lifestyle

« Age

Occupation

Ethnicity

» Deprivation




Diagnosis and staging

 Clinical History

« Normal diagnostic procedures
e Scans, xrays
 Blood tests
* Biopsy

 Pathological staging
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Antigens

S

A

Antibody

4

A Receptor
Y Ligand
‘ Optical dye

Illuminated
light

Fluorescence

Smart dye:
cytate, cysbesin

Optical agents:
Cypate




Table 1 FDA approved therapeutic monoclonal antibodies for cancer therapy

Generic name Proprietary Target Technology Isotype Additional Year FDA  Approved clinical
name manipulations approved indication
Rituxirnab Rituxin™/ D20 Mouse Hybridoma lgG1-kappa Chimeric 1997 MNHL; |ater
Mabtherm™ CD20+CLL, FL, RA
Transtuzumab Herceptin® HER-2 Mouse Hybridoma lgG1-kappa Hurnanized 1998 HER-Z™ MBC
Alemtuzumab Campath™/ D52 Rat Hybrigoma lgtal-kappa Hurnanizad 2001 CL L, Tcall
Mabcarnpath™ Lymphoma
|britomomab Zevalin®™ oz Mouse monoclonal l5G1-kappa Conjugated to 2002 MHL
tiuxitan Yittrum-50
Tositumomab Bexxar™ oz Mouse monoclonal lgG2alambda  Conjugated to 131 2003 MHL
Cetuximab Erbitux™ EGRF, HER-1 Mouse monoclonal lgG1- kappa Chimeric 2004 EGRFT MCC
Bevacizumab Avastin® VEGF Mouse monoclonal IgG1- kappa Hurnanized 2004 MICC
Fanftumurmab Vectibix™ EGRF, HER-1 Human monockonal  1gG2-kappa Human 2006 WICC
Ofatumumab Arzerra D20 Hurnan monoclonal  1gG1-kappa Hurnan 2009 Refractory CLL
Ipilimumakb Yervoy CTLA~4 Hurnan monoclkonal  1gG1-kappa Hurnan 2011 Mihdel
Partuzumab Perjeta’ EGFRZ, HER-2  Mouse monoclonal l5G1-kappa Humanized 2012 BC

BC, Breast cancer; MBC_Metastatic breast cancer; NHL Mon-Hoedgkin's Lymphoma; CLL, Chronic Lymphocytic leukemia; FL. Follicular Leukemia; R&, Rhematoid
arthritis: MCC. Metastatic colorectal cancer: MMel. metastatic melanoma.

Lymphoma is a cancer of a part of the immune system called the lymph system



Leukemia

Also called: blood cancer

About Symptoms Treatments

A cancer of blood-forming tissues,
hindering the body’s ability to fight
infection
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hematological cancer

Ibritumumab is a murine anti-CD20 monoclonal antibody conjugated to

the yttrium isotope (90Y-lbritumumab tiuxetan). This intense B-radiation
releasing immunoconjugate was approved in 2002 for use in patients with
NHL but has also shown efficacy in Rituxin-refractory lymphoma [20].
Another immunoradioisotope, tositumomab- 1131, was approved in 2003
for treatment of patients with CD20+ FL. Both drugs are efficacious but
Induce hemato-toxicity and have been the subject of several comparison
clinical trials

radio-labeled
antibody




Staging
« Size

* Invasion
« Lymph nodes

« Metastasises

Lymphatic
Vasculature

Thoracic
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TNM Staging

T (a, ,(0),1-4): size or direct extent of the primary tumor

* N (0-3): degree of spread to regional

NO: tumor cells absent from regional

N1: tumor cells spread to closest or small number of regional lymph nodes

N2: tumor cells spread to an extent between N1 and N3.
N3: tumor cells spread to most distant or numerous regional lymph nodes

M (0/1): presence of

« MO: no distant metastasis
« M1: metastasis to distant organs (beyond regional lymph nodes)


http://en.wikipedia.org/wiki/Carcinoma_in_situ
http://en.wikipedia.org/wiki/Lymph_node
http://en.wikipedia.org/wiki/Lymph
http://en.wikipedia.org/wiki/Lymph_node
http://en.wikipedia.org/wiki/Metastasis

Other parameters

G (1-4): the grade of the cancer cells (i.e. they are "low grade" if
they appear similar to normal cells, and "high grade" if they
appear poorly differentiated)

R (0/1/2): the completeness of the operation (surgery-boundaries
free of cancer cells or not)

L (0/1): invasion into lymphatics

V (0/1): invasion into vein

C (1-4): a modifier of the certainty (quality) of the last
mentioned parameter



Examples

« Small, low grade cancer, no metastasis, no spread to regional
lymph nodes, cancer completely removed, resection material
seen by pathologist - pT1 pNO MO RO G1,; this would be
considered Stage I.

« Large, high grade cancer, with spread to regional lymph nodes
and other organs, not completely removed, seen by pathologist
-pT4 pN2 M1 R1 G3; this would be considered Stage IV.

« Most Stage | tumors are curable; most Stage IV tumors are
not.



Summary

Cancer Is a disease of
Division, growth and spread

It has a number of causes
many of them preventable

The survival of the patient is
determined by the stage of the
disease, the earlier the
detection or the smaller the
tumour the better the survival

SURVIVOR
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Who knows mote about
cancer than
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7.
8.

9.

Don’t smoke
Don’t smoke.

Don’t smoke.

Avoid exposure to other known carcinogens,
Including aflatoxin, asbestos and UV light.

Enjoy a healthy diet, moderate in calories,
salt and fat, and low in alcohol.

6. Eat fresh fruit and vegetables several times a day.
Be physically active and avoid obesity.

Have vaccination against, or early detection/treatment
of, cancer causing chronic infections.

Have the right genes.

10. Have good luck !



Introduction

« What is nanomedicine?

[t is nanotechnology used for the treatment, diagnosis, monitoring and control of
biological systems

[t includes the delivery and targeting of pharmaceutical, therapeutic, and diagnostic
agents using nanoparticles to cancer and other cells




Nanoparticles for Pathogen Detection

Nanoparticle Probe  Targeted RNA

* Gold nanoparticles can be functionalized with thiolated oligonucleatides.

* Bound to the oligonucleatides are fluorophores which are quenched by their proximity
to the nanoparticle.

* When the targeted RNA (H2N2, HIV or a cancer) bindes to the oligonucleatide, the
fluorophore is released and becomes fluorescence.

* The fluorescence can be detected in a BIoMEMS device.

» Challenge is developing oligonucleatides with high selectivity for the target RNA.



Nanoparticles for Targeted Detection of Cancer

Breast Cancer Cells Healthy Cells

* As an example, nanoparticle probes were developed by Chad Mirkin at Northwestern
Univ. that target the survivin RNA sequence known to exist in a certain breast cancers.

Experiments are done ex-vivo.

On the left, cancer cells fluoresce.

On the right, healthy cells show minimal fluorescence.




Nanoparticle Encapsulation for Drug Delivery

« Nanoparticle shells can be formed around spherical droplets
« A.D. Dinsmore, et al., Science 298, 1006 (2002), Y. Lin, et al., Science 299, 226 (2003)

« Shells are porous at lengthscales much smaller than size of nanoparticle.




Nano-Encapsulation for Drug Delivery

« By making the holes between nanoparticles approximately the same size as the
drug you want to administer you can get a constant release rate — avoids spikes in
dosage.

Standard Diffusion Based Drug Delivery

Nano-Encapsulated Drug Delivery

Drug Concentration in Patient

v

Time

» Can also allow encapsulation of hydrophobic drugs which are difficult to get into
you mostly water body.



Targeted Delivery to Tumors

» Goal is to inject treatment far from tumor and
have large accumulation in tumor and minimal
accumulation in normal cells/organs.




Cancer Treatments

« Tumor penetration is a key issue for successful chemotherapy

administer
therapeutic

slough off
necrotic cells

N

’rumm\

regrowth

Z,

quiescent cells
access nutrients

@) rroliferating cells
@) quiescentcells

@» necrotic cells




Nanoparticle use in Cancer Treatments

» Because of their small size, nanoparticles healthy cells

can pass through interstitial spaces [Q J[Q j[ .] ®
between necrotic and quiescent cells. @ @(.—j @

» Tumor cells typically have larger
interstitial spaces than healthy cells

-:3-- -

tumor cells

 Particles collect in center bringing
therapeutics to kill the tumor from inside
out.




Making Gold Nanoparticles
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AuCl4- salts are reduced using NaBH, in the presence of thiol capping ligands

The core size of the particles formed can be varied from <1 nm to ~ 8 nm

The surface functionality can be controlled through the choice of thiols

Diffusion speed can be controlled by length of thiols



Nanoparticles as Sensors and Therapeutics

» Glutathione (GSH) provides a selective and tunable release mechanism

* Once inside cells, fluorophores and drugs selectively dissociate

\Y

GSH

prodrug/analog:

— O

free= fluorescent

on particle=quenched




Nanoparticle Success

» Both cationic and anionic particles penetrate and accumulate in tumors.

« However, only cationic particles diffuse fully throughout the tumor.

12 hours 24 hours 54 hours

cationic
particles

anionic
particles

 Work of Neil Forbes and Vince Rotello at UMASS



Nanoparticle Targeting and Accumulation

» To maximize their effectiveness, the microenvironment of the tumor must
be quantified and vectors developed to specifically target the tumor.

» These treatment approaches have shown great promise in mice.
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