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



What Does A “Win” Look Like For Breast Cancer?
• Fewer cancer diagnoses

• Identify 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*

* Palmer JR, et al. A validated risk prediction model for breast cancer in US 
Black women. J Clin Oncol 39:3866-3877 2021. 



Trends In Cancer Incidence From 1975

Siegel, et al. CA Cancer J Clin 71:7 2021 PMID: 33433946



US Women’s Cancer Mortality – 1930-2018

Siegel, et al. CA Cancer J Clin 71:7 2021 PMID: 33433946



Better Outcomes Due To More Screening and More Adjuvant Therapy

Berry, et al. N Engl J Med 353:1784 2005 PMID: 16251534



Women Informed to Screen Depending On Measures of 
risk – WISDOM Screening Trial 

PI: Laura Esserman, UCSF NCT02620852



A Decade of New Drug Approvals in Breast Cancer
HER2 positive
◦moAb
 Pertuzumab
Margetuximab
◦ TK inhibitors
 Lapatinib
 Neratinib
 Tucatinib
◦ ADCs
 TDM1
 T-DXd

Hormone Receptor +
◦ ER
 Fulvestrant 
◦CDK 4/6 inhibitors
 Palbociclib
 Ribociclib
 Abemaciclib
◦ PI3K-mTOR
 Alpelisib
 Everolimus

 TNBC
◦ PD-L1/PD-1
 Atezolizumab (withdrawn)
 Pembrolizumab
◦ ADCs
 Sacituzumab govitecan
◦ PARPi
 Olaparib
 Talazoparib
◦ Chemotherapy
 Eribulin

Arora, et al. Clin Cancer Res 2021 PMID: 34711632



Discovery of Immune Checkpoints

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



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

Cancer (genome.gov)

https://www.genome.gov/genetics-glossary/Cancer


Yarchoan M et al. N Engl J Med 2017;377:2500-2501.

Correlation between Tumor Mutational Burden and Objective Response Rate with Anti–
PD-1 or Anti–PD-L1 Therapy in 27 Tumor Types.



PD-L1 – A Jedi Mind Trick
These Are Not The Cells You’re Looking For

Cancer Cell

T Cells

Mutation/Antigen

PD-L1



Better Outcomes Due To More Screening and More Adjuvant 
Therapy

Berry, et al. N Engl J Med 353:1784 2005



Wolmark N et al. J Natl Cancer Inst Monogr 2001;2001:96-102
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pCR = No residual invasive cancer 
in breast and lymph nodes

Response to pre-surgical chemotherapy correlates with long term 
outcomes
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I-SPY 2 TRIAL Schema: HER2- Signatures
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Nanda, et al. JAMA Oncol 2020 PMID: 32053137



Nanda, et al. JAMA Oncol 2020 PMID: 32053137



pCR Probability Distributions 
by Signature

Nanda, et al. JAMA Oncol 2020 PMID: 32053137



N=784

N=390

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



EFS by pCR (ypT0/Tis ypN0) 

Data cutoff date: March 23, 2021.

108/201

94.4%

92.5%

56.8%

67.4%

pCR Yes

pCR No

EA1131: capecitabine vs carboplatin in basal TNBC (n=306)

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

(pCR in non basal: 55.5%; n=86)



San Antonio Breast Cancer Symposium, December 7-10, 2021

I-SPY2: Less Tumor, Bettor Outcome

3 year EFS by RCB for TNBC
RCB Shift adding 

Pembrolizumab to Paclitaxel

Symmans WF, et al. JAMA Oncol. 2021; Nanda et al, JAMA Onc 2020 Yao C, Personal communication adapted from Symmans et al



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-HER2 
Antibody

• 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

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

Approved Approved Phase III



Response rate

Previous TDM1 64% (36/56)
No TDM1 59% (76/128)

HER2 3+ 63% (97/154)
HER2 1+/2+ 46% (13/28)

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



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



Sacituzumab Govitecan In TNBC

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 
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