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Those who do not have power over the story that dominates their
lives, power to retell it, to rethink it, deconstruct it, joke about it, and

change it as times change, truly are powerless, because they cannot
think new thoughts.

1981 Booker Prize Winner Sir Salman Rushdie



Story Telling:

“The most powerful person in the world is
the storyteller. The storyteller sets the
vision, values, and agenda of an entire
generation that is to come.”




Safeguarding Old and New Stories

“A griot was a person in Africa who was charged with keeping the stories of
the village. Everyone would tell a griot their stories and the griot would
remember them all so that they could tell future generations. When they got
old, they’d tell them to someone else. And they say in Africa, when a griot

dies it’s like a library was burned down.”

Dave Chapelle- Mark Twain Prize Acceptance Speech (2019)
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The “HER2"” & HER2 positive Breast Cancer-
What is it?

e The HER2 protein is involved in cell growth and division

 HER2 testing is crucial for determining the most effective treatment in this breast cancer
sub-type

* A type of breast cancer where cells have an overabundance of the HER2 protein.

* Approximately 15% to 20% of all breast cancer cases are HER2-positive

e HER2+ breast cancers tend to be more aggressive and grow faster than other
types of breast cancers




HER2+ Breast Cancer: Symptoms
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The Trastuzumab Story
(Herceptin®)




It all began in 1989
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“1989”- Explores the feelings that come
after a major move or life change,
focusing on freedom, fun, and flirtation.
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Correlation Between HER-2/neu Gene Amplification and Expression
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Trastuzumab: Testing the drug- First in human
studies




Trastuzumab: Is it safe? Does it work?

Efficacy and Safety of Trastuzumab as a Single Agent in
First-Line Treatment of HER2-Overexpressing Metastatic
Breast Cancer

By Charles L. Vogel, Melody A. Cobleigh, Debu Tripathy, John C. Gutheil, Lyndsay N. Harris, Louis Fehrenbacher,
Dennis J. Slamon, Maureen Murphy, William F. Novotny, Michael Burchmore, Steven Shak, Stanford J. Stewart,
and Michael Press
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Trastuzumab- Practice Changing
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Trastuzumab: Novel drug with a new target
and new mechanism of action

Her2 Targeted Therapies

Trastvzvumabd
Her2 proteja — .
Biads Her2 receptor
Breast cell — Bloc ks growth

Immuae attack




A Brief History anti-HER2 therapy (1982-2025)

1998
US FDA Approval of Trastuzumab for HER2+ mBC

Dennis Slamon publication
HER2 amplification in breast cancer PHARMAC funds
cells correlated with poor prognosis Trastuzumab for HER2+

1982 ‘ ‘ 1984 ‘ ‘ 1989 1990

mBC

Lakshmi Padhy
isolates neu gene Barbara Bradfield recruited

Rat tumour- into 1%t Trastuzumab clinical
neuroblastoma trial

Genentech discover human homolog of neu gene
HER2 gene




HER2+ breast cancer- a quick re-cap

* Approx. 20% of all Breast cancers are HER-2 positive

* This is manifest as:
- over-expression of HER2 receptor
- gene amplification of HER2receptor

 HER2 receptor positivity confers a more aggressive phenotype with poorer
prognosis.

* Taxane + Trastuzumab superior to Taxane alone in 15t line treatment of patients
with HER-2 positive metastatic breast cancer (The M77001 Study Group, 2005)




HER2 positive Breast Cancer: How to make
Trastuzumab




Step 1: Develop the antibody

Inject HER2 protein into a mouse

The mouse is immune system tries to get rid of the HER2
protein by developing antibodies to it

Images derived from https://www.understandinganimalresearch.org.uk/human-diseases/cancer/breast-cancer-treatment [Accessed 21 Jul 2025]



https://www.understandinganimalresearch.org.uk/human-diseases/cancer/breast-cancer-treatment

Step 2: Select out and mass produce specific
antiHER2 antibodies
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Images derived from https://www.understandinganimalresearch.org.uk/human-diseases/cancer/breast-cancer-treatment [Accessed 21 Jul 2025]



https://www.understandinganimalresearch.org.uk/human-diseases/cancer/breast-cancer-treatment

Humanise the anti-HER2 antibody

D PR

To avoid this, the genes for producing the Herceptin
antibody are altered to make them more human-like

o'

MOUSE ANTIBODY HUMANISED ANTIBODY

If a mouse antibody is given directly to humans it can trigger an Trastuzumab DNA is 95% human & 5% mouse.

immune reaction. Hence the immune system is tricked into thinking its
This is because the human immune system recognises that it is human
foreign Meanwhile HER2 targeting section can bind to HER2.

Images derived from https://www.understandinganimalresearch.org.uk/human-diseases/cancer/breast-cancer-treatment [Accessed 21 Jul 2025]



https://www.understandinganimalresearch.org.uk/human-diseases/cancer/breast-cancer-treatment

Mass-produce Trastuzumab

* The newly humanised gene for the antibody is then
placed inside ovary cells taken from Chinese
hamsters

B-Cells can be grown in unlimited amounts

 Antibodies i.e. Trastuzumab are extracted from
them

. \\
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Images derived from https://www.understandinganimalresearch.org.uk/human-diseases/cancer/breast-cancer-treatment [Accessed 21 Jul 2025]
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The Trastuzumab Biosimilar Story




Herceptin®: One the Best selling drugs in
the 215t Century?
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Herceptin®: The Patent Cliff

Sales (USD, billion)

Patent expiration dates
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The Development of “me-too”
Trastuzumabs

Reference Biological Development Timeline and Cost

Total Costs: >$1 Billion

Biosimilar Development Timeline and Cost

Total Costs: $100-200M
T T T N TR T R e e U U e | NP3 UG ¢ S Ol v I

Timeline (Years)



Herceptin® vs Trastuzumab Biosimilar:
What'’s the difference?

BIOLOGIC

Novel therapeutic

15 years to develop

$1.2 Billion cost

Patentable

Reference Price

Similar design
"4 3 . . 3
v‘ > 'Y

BIOSIMILAR

Competitive
Bioequivalence

8-10 yearsto
develop

$100-200 Million
cost

Non-patentable

Reduced price

Lower health
expenditure

Government
support

Lower cost

Factors driving demand for Biosimilars



Choosing Between Biosimilars: Can the real
Trastuzumab please stand up!

Comparison of the five approved trastuzumab biosimilars.

Agent Brand name Approval Indication Trial population  Trial results

MYL-14010  Ogivri December 2017  Adjuvant early stage and Metastatic MYL-1410 versus
metastatic breast cancer, breast cancer trastuzumab: Noninferior
metastatic gastricor GEJ  (n=500] ORR: 69.6% versus 64% [HR
adenocarcinoma 1.09; Cl 95% 0.95-1.24]'2.13

CT-P6 Herzuma December 2018  Adjuvant early stage and Early stage CT-Pé versus trastuzumab:
metastatic breast cancer breast cancer noninferior pCR 46.8% versus

(n=549) 50.4% (risk ratio 0.92)17.18

SB3 Ontruzant January 2019 Adjuvant early stage and Early stage SB3 versus trastuzumab:
metastatic breast cancer,  breast cancer Equivalent in breast pCR
metastatic gastric or GEJ  (n=800) 51.7% versus 42.0% (adjusted
adenocarcinoma ratio 1.259)%

PF- Trazimera March 2019 Adjuvant early stage and Metastatic PF-05280014 versus

05280014 metastatic breast cancer,  breast cancer trastuzumab: Equivalent in
metastatic gastricor GEJ  (n=707) breast ORR 62.5% versus
adenocarcinoma 66.5% [RR for ORR 0.94)%

ABP980 Kanjinti June 2019 Adjuvant early stage and Early stage ABP980 versus trastuzumab:

metastatic breast cancer,

metastatic gastric or GEJ
adenocarcinoma

breast cancer
(n=725)

pCR 48% versus 41% (risk
ratio 1.188)%

GEJ, gastroesophageal junction; HR, hazard ratio; ORR, Overall Response Rate; pCR, pathological complete response; RR, risk ratio.

Miller EM & Schwartsberg, 2019. Ther Adv Med Oncol




A Brief History anti-HER2 therapy (1982-2025)

1998
US FDA Approval of Trastuzumab for HER2+ mBC

Dennis Slamon publication
HER2 amplification in breast cancer PHARMAC funds
cells correlated with poor prognosis Trastuzumab for HER2+

1982 ‘ ‘ 1984 ‘ ‘ 1989 1990

mBC

Lakshmi Padhy

isolates neu gene Barbara Bradfield recruited
Rat tumour- into 15t Trastuzumab clinical
neuroblastoma trial
Genentech discover human homolog of neu gene 2023
HER2 gene PHARMAC funds Herzuma

Trastuzumab biosimilar



The Pertuzumab Story




The EGFR/HER Family
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How Pertuzumab overcomes
Trastuzumab Resistance by Tumour

HRG
Trastuzumab Pertuzumab

ﬁ@

ErbB2 ErbB3 ¥

Intracellular signaling No signaling
Tumor cell proliferation Tumor cell arrest

Hynes & Badache, 2004. Cancer Cell, Vol. 5 p299-300




Trastuzumab + Pertuzumab - Practice Changing

VIRGINIA PATON, PHARM.D., ALEX BAJAMONDE, PH.D., THOMAS FLEMING, PH.D., WoLFGaNG Elermann, M.D.,
JaneT WoLTter, M.D., Magrk Pecram, M.D., Jose BaseLca, M.D., AND LARRY NorTON, M.D.*
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A Brief History anti-HER2 therapy (1982-2025)

2012
US FDA approval of Trastuzumab +
Pertuzumab as 1%t line therapy for
HER2+ mBC

1998
US FDA Approval of Trastuzumab for HER2+ mBC

Dennis Slamon publication
HER2 amplification in breast cancer PHARMAC funds
cells correlated with poor prognosis Trastuzumab for HER2+

1982 “ 1984 “ 1989 1990

mBC

Lakshmi Padhy
isolates neu gene Barbara Bradfield recruited

Rat tumour- into 1%t Trastuzumab clinical

. 2017
neuroblastoma trial

PHARMAC funds

Pertuzumab for HER2+

mBC

Genentech discover human homolog of neu gene
HER2 gene

Pertuzumab (Perjeta) developed




The Trastuzumab Emtansine Story
(T-DM1/Kadcyla)




The problem with chemotherapy

Plasma binding

Wrong target
(side effects)
Chaotic tumor
vasculature
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Selectively deliver potent chemotherapy drugs directly to cancer
cells while minimizing damage to healthy tissues

Narrow Therapeutic Index
Wrong target
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dose limiting toxicities

Low specificity
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Lane et al, 2018. Future Oncol 14(7). 647-663




The premise for new class of drug:
The Magic Bullet

1890’s:

1901;

1907:

Behring hypothesizes conceptualises “antibodies” —a chemical
produced by your body to fight toxins produces by bacteria

Receives Nobel prize for characterising diphtheria antibodies
produced by body to fight diphtheria toxins

Nobel Prize laureate Paul Ehrlich hypothesises that antibodies bind
antigens through special chemical structures that he called "side chains'
(which he later named "receptors” ).

Theorizes that one can attach a ‘poison” to this side chain and
attempt to deliver the poison to the bacteria- coins the term
“Zauberkugel”- “magic bullet”/ “chemotherapy”

Becomes the laughing stock of the medical fraternity- “Dr Phantasus”




“It always seems impossible, until it is done.”
-Tata Madiba

"You see things; you say, 'Why?' But | dream things that never were;
and | say, 'Why not?"”

- George Bernard Shaw




The Anatomy of an Antibody Drug
Conjugate

An antibody targeting a specific receptor

> @ The chemotherapy moiety

A linker to attach the chemotherapy payload

Riccardi et al, 2023. Front Pharmacol. 14:1274088.



Trastuzumab emtansine (T-DM1): Structure

Comprised of:

* An antibody against the HER2
receptor- Trastuzumab

* A potent chemotherapy- tubulin
based inhibitor- maytansine
Derivative of maytansine 1- DM1

MCC linker

S AnEREREmAR o A stable linker that does not contain

Ado-trastuzumab Emtansine a cleavage e|ement

Riccardi et al, 2023. Front Pharmacol. 14:1274088.




Trastuzumab emtansine: How it works

MCC linker

- - Anti-HER2 mADb

Ado-trastuzumab Emtansine

’- Endosome Qradation

Lysosome

Riccardi et al, 2023. Front Pharmacol. 14:1274088.



Trastuzumab Emtansine- Practice Changing

100+ g — Physician’s choice
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Krop IE et al, 2017. Lancet Oncol. 18(6):743-754.



A Brief History anti-HER2 therapy (1982-2025)

2012
US FDA approval of Trastuzumab +
Pertuzumab as 1%t line therapy for
HER2+ mBC

1998
US FDA Approval of Trastuzumab for HER2+ mBC

Dennis Slamon publication FDA Approval T-DM1
HER2 amplification in breast cancer PHARMAC funds (>2ndline therapy) for

cells correlated with poor prognosis Trastuzumab for HER2+ HER2+ mBC
mBC

2019
Lakshmi Padhy PHARMAC funds T-DM1
isolates neu gene Barbara Bradfield recruited 2006 for HER2+ mBC
Rat tumour- into 1%t Trastuzumab clinical Kadcyla

neuroblastoma trial (T-DM1) first developed

2023

Genentech discover human homolog of neu gene

HER2 gene PHARMAC funds Herzuma

Pertuzumab (Perjeta) developed

Trastuzumab biosimilar



The Trastuzumab Deruxtecan Story
(Enhertu)




Why Trastuzumab Deruxtecan is the
Business

Drug Design Attributes
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https://www.astrazeneca.com/content/dam/az/PDF/2019/Strategic%20Collaboration%20Trastuzumab%20Deruxtecan%20DS-8201.pdf




Trastuzumab Deruxtecan (Enhertu)

Inside the cell, the chemotherapy drug bxd

Using its antibody part, Enhertu binds to gets released and travels to the
HERZ on the surface of a cancer cell.. -.and enters the cell. nucleus of the cell, where it leads to
damage and results in cell death
Enhertu
e
~~ chemotherapy
//) K\. drug DXd /)k\.
antibody
(trastuzumab) nucleus

“~HER2

= -

cancer cell

when the cancer cell dies, the chemotherapy drug DxXd
may be freed, going on to kill neighboring cancer cells

rastuzumab Deruxtecan

The disease did not get worse
for at least 18 months

83% of patients had a response

- 16% had their cancer completely

disappear

- 67% had shrinkage of their

cancer

Trastuzumab Emtansine

The disease did not get worse
for a median of 7 months

36% of patients had a response

- 8% had their cancer completely

disappear

- 28% had shrinkage of their

cancer
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B Trastuzumab
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OTrastuzumab
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A Brief History anti-HER2 therapy (1982-2025)

2012
US FDA approval of Trastuzumab +
Pertuzumab as 1%t line therapy for
HER2+ mBC

1998
US FDA Approval of Trastuzumab for HER2+ mBC

Dennis Slamon publication FDA Approval T-DM1
HER2 amplification in breast cancer PHARMAC funds (>2ndline therapy) for

cells correlated with poor prognosis Trastuzumab for HER2+ HER2+ mBC
mBC

e o e —
2019
Lakshmi Padhy PHARMAC funds T-DM1
isolates neu gene Barbara Bradfield recruited 2006 for HER2+ mBC 2025
Rat tumour- into 15t Trastuzumab clinical Antibody drug Conjugate PHARMAC funds Enhertu
neuroblastoma trial Kadcyla(TDM1) first HER2+ mBC

developed

2019
2023

PHARMAC funds Herzuma

Genentech discover human homolog of neu gene
HER2 gene

Trastuzumab Deruxtecan
Pertuzumab (Perjeta) developed (Enhertu) developed

Trastuzumab biosimilar



Anti-HER2 therapy and Survival: Getting better
by the decade?

Overall survival in the HER2+ subcohort according to the YOD
Based on Kaplan-Meier estimates
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Median OS (95% CI) (months)
by year of diagnosis of MBC

2008 39.1 (36.2-46.5)
2009 42,1 (38.2-50.8)
2010 39 4 (35.9-45.4)
2011 .1(35,5-48.3)
2012 50 E‘- (45,0-55.5)
2013 58 0 (52.0-68.4)
2014 R (50.6-NR)
2015 R (55.7-NR)
2016 NH (NR-NR)
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Grinda et al, 2021. ESMO Open 6(3):100114.




A Brief History anti-HER2 therapy (1982-2025)

2012
US FDA approval of Trastuzumab +
Pertuzumab as 1%t line therapy for
HER2+ mBC

1998
US FDA Approval of Trastuzumab for HER2+ mBC

Dennis Slamon publication FDA Approval T-DM1
HER2 amplification in breast cancer PHARMAC funds

_ _ (>2ndline therapy) for ; e
cells correlated with poor prognosis Trastuzumab for HER2+ HER2+ mBC Barbara Bradfield still alive
mBC and cancer free!

2019
Lakshmi Padhy PHARMAC funds T-DM1
isolates neu gene Barbara Bradfield recruited 2006 for HER2+ mBC 2025
Rat tumour- into 1%t Trastuzumab clinical Antibody drug Conjugate PHARMAC funds Enhertu
neuroblastoma trial Kadcyla(TDM1) first HER2+ mBC

developed
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Anti-HER2 therap

in cancer the Future

Salivary gland cancer

10-30% 15-20% 15-37%

Breast cancer

28% 20% 10%

Biliary tract cancer

25-40% 15-20% 5-7%

Uterine cancer

8% 39% 13%

Ovarian cancer
® -

13% 20% 5%

Cervical cancer

7% 14% 14%
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HER2
IHC 1+

HER2
IHC 2+

HER2
IHC 3+

Lung cancer
15-30% 15% 3% 2%
Pancreatic cancer

® .
24% 8% 2-5% 2%

1-3%

<1%

Gastric and gastroesophageal junction

cancer

@ ®
18-20% 11-13% 11-14% 11-16%

Colorectal cancer
€ .

13-21%  4-8% 3% 5%

3%

2%

Urinary tract cancer
e O °
4-18% 5-28% 22% 9% 10%
Prostate cancer
22 °
13-35% 10-18% 5% 5% <1%
ERBB2 ERBB2
amplification mutation

Swain, et al, 2023. Nat Rev Drug Discov 22, 101-126 (2023).



Questions?




