Are We Winning The War On Cancer?

Douglas Yee, MD
Director, Masonic Cancer Center

M Masonic Cancer Center
» UNIVERSITY OF MINNESOTA

Comprehensive Cancer Center designated by the National Cancer Institute




What Have We Learned In The Last 50
Years About Breast Cancer?

Masonic Cancer Center

» UNIVERSITY OF MINNESOTA

enter designated by the National Cancer Institute



i prayers are heard in Hoaven, this prayer
isheand the mast:

“Diear God, please. Mot cancer.™

&till, mare than 318,000 Americana died of
eancer lnet yoar,

‘This year, Mr. President, you have it in your
power bo begin to end this curse,

As vou agonize over the Budget, we beg you
to remember the sgany of thoee 318,000 Amer-
icana, And their families,

Wi wrge you to remember ales that we spand
more each day on militery matters than sach
year an cancer research. And, last year, more
‘than 21 limes &5 much an space research as on
canver rescarch,

We ask & hollor porapective, a hetlor way to
allocats our monoy to suve hundreds of thou-

sandscf lives each year.
Anun{umdnﬂﬂ.ﬂmmmldnubhl
fop that the

ﬁmlmtnmmbshmd’.

Almondy, 4 ot of about 200 types ol cancer
i b cured with drisgn, And 57 other drugs will
mnhmnww remision in 17 otber types of

Dw Sidney Farber, Past President of the
American Cancer Sociaty, belisves: “We are st
close bo a cara for cancer. Wahckm]ymlw.l
and the kind of ¥

are today—almost remexistent.
Ty fail us, Mr, President, thiswill happen:

To the public, cancer patients, their friends

One in dix Amwecicans now alive, 34,000,000
peaple, will dio of cancer unless new cures are
found.

One in fonr Americans nor alive, 51,000,000
paople, will have cancerin the future,

‘Weaaimply carmat aflord this,

(ur nation has the maney on ane hand and.
the skills on the other, We must, under your
leadership, put oar hands together and get this

ning thot wentinio pu.thn;lmnnﬂ:mm"
Why don’t we try to conquer cascer by
Amem’umurﬁdlﬂ
What a holiday that would be! Cancer eould
be then where amallpax, diphtheria and pelio

Surely, the war against cancer has the sap-
patt of 1007 of the poeple. It is n war in which
we lnat 21 times miore lives lnsg year than we Joat:
m‘.‘.etNamlulyur Awnr i can winand pat
it innar dehb,

CITIZENS COMMITTEE FOR THE CONQUEST OF CANCER

80 U'nited Nations Plass, New Yok, N.Y . Soiomen Garb, M. 1., Emarson Fools, Co-chainmen

Write or wire the President, rging kit fo
put more funds bekind comcer rescarch. O,
plensciise this coupon.

D Mr. Wisom:
Cancer ressarh nierdds o fands. Plesss provida
dheminyourii i budyst, Plemer,

HUME.

[, JUNNSNS— 7' | W S—

Maitthis poupenta; Theg Presidsnk
“Tha Whito | s
Washingtos, 1.5,

f
I
i
I
I
I
[
1
1
1
|
|
L

Advertisement
December 9, 1969

Mary Lasker
1900-1994



Nixon Signs $1.6 Billion Cancer =~
Bill, Names Man to Head Fight =~~~ =&
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WASHINGTON (UPI}—President  the act was "a milestone in the long ) { ! {
Nixen today signed into law a $1.8  and difficult effort A8 Radthe ¢ ] Rl i R '
billion program to finfua.mues for 'mf! cures of ean i: 1 i 8 {I
- This law i= 3
4 3 .

M President Nixon signs the National Cancer Act in 1971.
Photo courtesy of the National Cancer Institute.
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CANCER UNDEFEATED

Special Article

CANCER UNDEFEATED

JoHN C. BaiLar lll, M.D., PH.D., AND HEATHER L. GornNiK, M.H.S.

Conclusions The war against cancer is far from
over. Observed changes in mortality due to cancer
primarily reflect changing incidence or early detec-
tion. The effect of new treatments for cancer on mor-
tality has been largely disappointing. The most prom-
ising approach to the control of cancer is a national
commitment to prevention, with a concomitant rebal-
ancing of the focus and funding of research. (N Engl
J Med 1997;336:1569-74.)

©1997, Massachusetts Medical Society.

m Masonic Cancer Center
s UNIVERSITY OF MINNESOTA

Comprehensive Cancer Center designated by the National Cancer Institute

Bailar, et al. N Engl J Med 336:1569 1997 PMID: 9164814



What Does A “Win” Look Like For Breast Cancer?

* Fewer cancer diagnoses
 |dentify cancer causes — not clear preventable causes
* Employ appropriate individualized screening strategies - WISDOM

* Develop prevention (lifestyle changes, drugs, etc) for people at high risk — tamoxifen,
raloxifene
* Fewer cancer deaths

* Individualized approaches to cancer therapy — HER2 and Estrogen Receptor
* Develop new treatment strategies for refractory cancers — New drug strategies

* Improve quality of life for cancer survivors
* Minimized toxic therapy when not necessary — OncotypeDx™
* “Target” cancer therapies to only the tumor — New drugs

* Address health care disparities

» Cancer outcomes directly linked to socioeconomic status and ancestry/ethnic groups — new
risk modeling for Black women*

M Masonic Cancer Center
» UNIVERSITY OF MINNESOTA * Palmer JR, et al. A validated risk prediction model for breast cancer in US
Comprehensive Cancer Center designated by the National Cancer Institute Black women. J Clin Oncol 39:3866-3877 2021.



Trends In Cancer Incidence From 1975
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US Women’s Cancer Mortality — 1930-2018

Females, by site Uterine corpus
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Better Outcomes Due To More Screening and More Adjuvant Therapy

&0 Mo screening or adjuvant
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Women Informed to Screen Depending On Measures of
risk — WISDOM Screening Trial

Table 1: Risk-based screening recommendations currently employed in WISDOM

Highest Risk Elevated Risk Average Risk Lowest Risk
BRCA1/2, TP53, Women aged 40- | Women aged 50-74 | Women aged
ELIGIBLE PTEN, STK11,  49with extremely g 40-49 with a
PARTICIPANTS CDH1 mutation dense breasts <1.3% 5-year
carrier Women aged 40-49 | o) o
OR with a =1.3% 5-year :
OR Women ata 21%  risk (risk of an developing
breast cancer
| CONSENT | ATM, PALB2 or 5-year risk of average 50 year-old
Agree to Choose CHEK2 mutation | developing ER- | woman)
Randomization Self-Assignment carrier with positive | breast cancer
family history of based on
I breast cancer susceptibility
OR SNPs
RANDOMIZED COHORT ( OBSERVATIONAL COHORT) Women with a >6% | OR
5-year risk (risk of  Women in top
an average BRCA | 2.5 percentile of
| RANDOMIZE | carrier) risk by 1-year age
| OR category
I I Women with a OR
history of mantle ATM, PALB2 or
Routine Annual Routine Annual radiation between  CHEK2 mutation
Screening Screening ages 10-30 years  carrier without a
positive family
history™ of breast
A A cancer
ADAPTIVE SCREENING
l------* RECOMMENDATIONS ‘------. Annual Annual Biennial No screening
mammogram+ mammogram®  mammogramt until age 50
MRI

" If individual does not meet criteria for annual mammogram + MRI
1 If individual does not meet criteria for annual mammogram or annual mammogram + MRI
" Family history is defined as a first degree relative with breast cancer, two second-degree

. relatives with breast cancer, or one second-degree relative diagnosed prior to age 45.
M Masonic Cancer Center

» UNIVERSITY OF MINNESOTA
Comprehensive Cancer Center designated by the National Cancer Institute Pl: Laura Esserman, UCSF NCT02620852



A Decade of New Drug Approvals in Breast Cancer

 Hormone Receptor +  * HERZ2 positive « TNBC
-ER ° MOAD > PD-L1/PD-1
. Fulvestrant * Pertuzumab -+ Atezolizumab (withdrawn)

- Margetuximab

> CDK 4/6 inhibitors - TK inhibitors * Pembrolizumab
. . > ADCs
- Palbociclib - Lapatinib _ _
o - - Sacituzumab govitecan
- Ribociclib * Neratinib . PARP:
. Ab iolib * Tucatinib
emacicll - ADCs * Olaparib
© PI3K'mTOR - TDM1 ° Talazoparib
- Alpelisib - T-DXd o Chemotherapy
- Everolimus » Eribulin

M Masonic Cancer Center
s UNIVERSITY OF MINNESOTA

Comprehensive CGancer Center designated by the National Cancer Institute ArO ra, et d | 5 CI | n Ca ncer Res 202 1 P M I D . 347 1 163 2




Discovery of Immune Checkpoints

¢ (@ O Ee——
1‘\?"“g _ — Inhibitory
Antigen-presenling Macrophages/ CD4
colls T cells Tumor cells B cells MDSCs T cells/Tregs NK cells

Evolution of our understanding of cellular interactions contributing to tumor immunity

2010

Jéméﬂs; P. Allison Tésu-kﬂ.u Honjo

Prize share: 1/2 Prize share: 1/2

The Nobel Prize in Physiology or Medicine 2018 was
awarded jointly to James P. Allison and Tasuku
Honjo "for their discovery of cancer therapy by
inhibition of negative immune regulation."

Morad, et al. Cell 184:5309 2021 PMID: 34624224



DNA Mutation As A Cause Of Cancer And A Target For
Immunotherapy

mutation

Second
mutation

Third
mutation

Fourth Malignant cells
mutation tumor growth
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https://www.genome.gov/genetics-glossary/Cancer

Correlation between Tumor Mutational Burden and Objective Response Rate with Anti—

PD-1 or Anti-PD-L1 Therapy in 27 Tumor Types.
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PD-L1 — A Jedi Mind Trick
These Are Not The Cells You’re Looking For

Cancer Cell




Better Outcomes Due To More Screening and More Adjuvant

Therapy

Rate of Death from Breast Cancer
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Response to pre-surgical chemotherapy correlates with long term

outcomes
s overall Survival .. Disease-Free Survival
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I-SPY 2 TRIAL Schema: HER2- Signatures

Paclitaxel S
U
Adaptive paclitaxel + Pemb Doxorubicin R
i i Itax mDbor .
Randomization aclitaxe e o Cyclophosphamide (é.
Other HER2- Arms R
Y
12 weeks 8-12 weeks
2 2 2 2

MRI, Blood MRI, Blood MRI, Blood MRI, Blood

Core Biopsy Core Biopsy Tissue

Nanda, et al. JAMA Oncol 2020 PMID: 32053137



JAMA Oncology | Original Investigation

Effect of Pembrolizumab Plus Neoadjuvant Chemotherapy on Pathologic
Complete Response in Women With Early-Stage Breast Cancer
An Analysis of the Ongoing Phase 2 Adaptively Randomized I-SPY2 Trial

Rita Nanda, MD; Minetta C. Liu, MD; Christina Yau, PhD; Rebecca Shatsky, MD; Lajos Pusztai, MD, DPhil; Anne Wallace, MD; A. Jo Chien, MD;
Andres Forero-Torres, MD; Erin Ellis, MD; Heather Han, MD; Amy Clark, MD; Kathy Albain, MD; Judy C. Boughey, MD; Nora T. Jaskowiak, MD;
Anthony Elias, MD; Claudine Isaacs, MD; Kathleen Kemmer, MD; Teresa Helsten, MD; Melanie Majure, MD; Erica Stringer-Reasor, MD;
Catherine Parker, MD; Marie C. Lee, MD; Tufia Haddad, MD; Ronald N. Cohen, MD; Smita Asare; Amy Wilson; Gillian L. Hirst, PhD;

Ruby Singhrao; Katherine Steeg; Adam Asare, PhD; Jeffrey B. Matthews, PhD; Scott Berry, PhD; Ashish Sanil, PhD; Richard Schwab, MD;

W. Fraser Symmans, MD; Laura van 't Veer, PhD; Douglas Yee, MD; Angela DeMichele, MD; Nola M. Hylton, PhD;

Michelle Melisko, MD; Jane Perlmutter, PhD; Hope S. Rugo, MD; Donald A. Berry, PhD; Laura J. Esserman, MD

Nanda, et al. JAMA Oncol 2020 PMID: 32053137



pCR Probability Distributions
by Signature

Control: HER2-
16% Pembrolizumab:
f\ 46%

J

00 02 04 06 08 10
95% PI: 6% - 27% PCR rate
—>
95% PI: 34% - 58%

Nanda, et al. JAMA Oncol 2020 PMID: 32053137

Control:

20%

HR-HER2-

Pembrolizumab:

60%

0.0 0.2

0.4 06 0.8 1.0

95% PI: 6% - 33% ¢ PCR rate

95% PI1: 43% - 78%

Control:

13%

’\

00, 02
g

95% PI: 3% - 24%

Pembrolizumab:

HR+HER2-

34%

0.4 06 08 1.0
pCR rate

95% P1:19% - 48%



Schmid KN522 ESMO 2019

KEYNOTE-522 Study Design (NcT03036488)

< Neoadjuvant Phase p g Adjuvant Phase ——p
Necadjuvant Treatment1 MNeoadjuvant Treatment 2 Adjuvant Treatment
{cycles 1-4; 12 weeks) (cycles 5-8; 12 weeks) {cycles 1-9; 27 weeks)

N=784

Key Eligibility Criteria - .
Age 218 years
Newly diaghosed TNBC of
either T1c N1-2 or T2-4 NO-2
ECOG PS 01

Tissue sample for PD-L1
assessment?

Pembrolizumab 200 mg Q3W

Pembrolizumab 200 mg Q3W

S
U
R
G
E
R
Y

— =

Placebo
N=390

Stratification Factors:

» Modal status (+ vs -)

+ Tumor size (T1/T2 vs T3/T4)
+ Carboplatin schedule (QW vs Q3W)

Placebo

Neoadjuvant phase: starts from the first neoadjuvant treatment and ends after definitive surgery (post treatment included)
Adjuvant phase: starts from the first adjuvant treatment and includes radiation therapy as indicated (post treatment included)

Schmid, et al. N Engl J Med 382:810 2020 PMID: 32101663

sMust consist of at least 2 separate tumor cores from the primary tumor dDoxorubicin dose was 60 mg/mZ Q3W.
bCarboplatin dose was AUC 5 Q3W or AUC 1.5 QW =Epirubicin dose was 90 mg/mZ Q3W.

“Paclitaxel dose was 80 mg/m2 QW ‘Cyclophosphamide dose was 600 mg/m2 Q3W.



EFS by pCR (ypTO0/Tis ypNO)

1DD——'~——_‘}T—L=—4%..‘_‘_“_ i . 594.4%
e s - PCR Yes
90 — R “ 1 92.5%
80 — Y !
B ' _
70 — g i
y e : CRN
;60— ™ _LLU_MM_LHiM_ P Y
E e,
& 50— 156.8%  Luuin
a ! -
E 40—
30— EA1131: capecitabine vs carboplatin in basal TNBC (n=306)
Platinum E Capecitabine
20 3-yeariDFS 42% (95%CIl, 30%-53%)  49% (95%Cl, 39%-59%)
10— HR= 1.06 (95%RClI, 0.62-1 '81:) (PCR in non basal: 55.5%; n=86)
0 | | | | | | | | [ | | | | | | | |
0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51
No. at Risk ontne
Pembro + Chemo/Pembro Responder 494 494 494 489 483 482 478 47T 472 470 460 387 307 220 122 18 0 0
Pbo + Chemol/Pbo Responder 27 217 217 216 214 207 206 203 200 200 197 165 130 87 56 9 0 0
Pbo + Chemo/Pbo Non-Responder 173 169 165 152 144 135 122 116 110 104 100 85 65 53 27 8 0 O

Data cutoff date: March 23, 2021.

Schmid et al, ESMO plenary 2021; Mayer et al. JCO 2021



I-SPY2: Less Tumor, Bettor Outcome

San Antonio Breast Cancer Symposium, December 7-10, 2021
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Immune Checkpoint Inhibitors Approved For
Therapy in Breast Cancer

* Atezolizumab (anti-PD-L1) with nab-paclitaxel approved in metastatic
TNBC when immune effector cells stain positive for PDL1

* Approval subsequently withdrawn by the sponsor

* Pembrolizumab (anti-PD1) approved for metastatic TNBC staining
positive for PDL1 in tumor or immune cells (CPS Score)

* Tumors with high level of Tumor Mutational Burden

* Pembrolizumab (anti-PD1) approved for neoadjuvant therapy of TNBC
regardless of PDL1 staining



Trastuzumab (Herceptin®) Humanized Anti-HER?2
Antibody .

100

"
9049 %
80_ '
704
60

Chemotherapy plus trastuzumab

Progression-free Survival (%)

50
404 P<0.001
30+
20+ R
10 Chemotherapy alone
0 T T T T T 1 L) 1
0 5 10 15 20 25
Months after Enrollment
No. AT Risk
Chemotherapy 235 152 63 15
plus trastuzumab
Chemotherapy alone 234 103 25 6

* Effective only in HER2 overexpressing or amplified
breast cancer

* Synergy with chemotherapy in metastatic disease

* Unexpected cardiac toxicity (CHF) observed in clinical
trials

Slamon, et al. N Engl J Med 344:783 2001 PMID: 11248153



Trastuzumab as a drug targeting agent
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Payload Maytansinoids Deruxtecan Duocarmycin
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Drug-antibody
ratio

3.5

2.8

Bystander killing
effect

No bystander killing effect
in vitro

Potent bystander killing (38)

Potent bystander killing (40)

Adapted from Pegram, et al. Clin Cancer Res 26:775 2020 PMID: 31582515




The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Trastuzumab Deruxtecan in Previously
Treated HER2-Positive Breast Cancer

S. Modi, C. Saura, T. Yamashita, Y.H. Park, S.-B. Kim, K. Tamura, F. Andre,
H. Iwata, Y. Ito, J. Tsurutani, J. Sohn, N. Denduluri, C. Perrin, K. Aogi,
E. Tokunaga, S.-A. Im, K.S. Lee, S.A. Hurvitz, J. Cortes, C. Lee, S. Chen, L. Zhang,
J. Shahidi, A. Yver, and I. Krop, for the DESTINY-Breast01 Investigators*

A Change from Baseline in Tumor Size

Best Percentage Change from Baseline in Sum of Diameters
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e
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Patients (N=168)

Response rate

Previous TDM1
No TDM1

HER2 3+
HER2 1+/2+

64% (36/56)
59% (76/128)

63% (97/154)
46% (13/28)

Modi, et al. N Engl J Med 382:610 2020 PMID: 31825192



Sacituzumab Govitecan: A Novel Trop-2 Directed ADC

Monoclonal antibody (hRS7)

* Binds to Trop-2, a surface protein overexpressed
by many solid tumors, including TNBC

Hydrolyzable linker (CL2A)

Helps to ensure an active concentration
of SN-38 is maintained in the tumor

Cytotoxic (SN-38) _r’

* SN-38is a topoisomerase inhibitor
thought to block DNA replication

* Active metabolite of irinotecan

* High drug-to-antibody ratio (7.5:1)

Hydrolysis of the linker releases the toxic
payload to kill cells in the tumor
microenvironment

Due to the unique cleavable linker, SN-38 is released in tumors both intracellularly and in the
tumor microenvironment, allowing for delivery of therapeutic concentrations of the drug in
tumors. Sacituzumab-bound tumor cells are killed by intracellular uptake of SN-38; adjacent
tumor cells are killed by extracellular release of SN-38

Bardia, et al. N Engl J Med 380:741 2019 PMID: 30786188



Sacituzumab Govitecan In TNBC

A Change in Tumor Size

Change from Baseline (%)

907 Progression Stable M Partial Bl Complete
70+ of disease disease response response
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30 el
504
—704
904
-110
Previous anticancer regimens — median no. (range) 3 (2-10)
Previous use of taxanes or anthracyclines for metastatic
or nonmetastatic disease — no. (%)
Taxanes 106 (98.1)
Anthracyclines 93 (86.1)
Previous use of chemotherapy drugs for metastatic disease
— no. (%)
Cyclophosphamide 20 (18.5)
Platinum agents 74 (68.5)
Gemcitabine 59 (54.6)
Fluoropyrimidine agents 56 (51.9)
Eribulin 49 (45.4)
Vinorelbine 17 (15.7)

B Patients with Objective Response

Individual Patients

[l Complete response

[ Partial response

- i

C i —» Ongoing response after data cutoff

= : Onset of response
Tt T T T T T T T T T T T T 1
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40

Treatment Duration (mo)

Bardia, et al. N Engl J Med 380:741 2019 PMID: 30786188



What Are We Learning In The War?

* Breast cancer is not a single disease

* Improved cancer therapies translate directly from basic science
* Gene expression profiling to identify benefit from chemotherapy
* Small molecule drugs targeting estrogen receptor signaling
* Immune checkpoint inhibitor drugs
* Antibody drug conjugates

* Breast cancer heterogeneity needs to be addressed in clinical cancer
research and care

* “Individualized” therapy is possible
* New technologies will further

m Masonic Cancer Center
s UNIVERSITY OF MINNESOTA

Comprehensive Cancer Center designated by the National Cancer Institute




	Are We Winning The War On Cancer?
	What Have We Learned In The Last 50 Years About Breast Cancer?
	Slide Number 3
	Slide Number 4
	Slide Number 5
	What Does A “Win” Look Like For Breast Cancer?
	Trends In Cancer Incidence From 1975
	US Women’s Cancer Mortality – 1930-2018
	Better Outcomes Due To More Screening and More Adjuvant Therapy
	Women Informed to Screen Depending On Measures of risk – WISDOM Screening Trial 
	A Decade of New Drug Approvals in Breast Cancer
	Discovery of Immune Checkpoints
	DNA Mutation As A Cause Of Cancer And A Target For Immunotherapy
	Yarchoan M et al. N Engl J Med 2017;377:2500-2501.
	PD-L1 – A Jedi Mind Trick�These Are Not The Cells You’re Looking For
	Better Outcomes Due To More Screening and More Adjuvant Therapy
	Response to pre-surgical chemotherapy correlates with long term outcomes�
	I-SPY 2 TRIAL Schema: HER2- Signatures
	Slide Number 19
	pCR Probability Distributions �by Signature
	Slide Number 21
	EFS by pCR (ypT0/Tis ypN0) 
	I-SPY2: Less Tumor, Bettor Outcome
	Immune Checkpoint Inhibitors Approved For Therapy in Breast Cancer
	Trastuzumab (Herceptin®) Humanized Anti-HER2 Antibody
	Trastuzumab as a drug targeting agent
	Slide Number 27
	Slide Number 28
	Sacituzumab Govitecan In TNBC
	What Are We Learning In The War?

