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Tumor Mutational Burden (TMB) in Breast Cancer

• Mean TMB* is breast cancer is 1.63 to 2.63 mut/Mb
• Higher TMB in Metastatic vs Primary 
• Higher TMB in Basal > HER2 > Luminal

• Pembrolizumab granted FDA accelerated approval for 
TMB-High (≥10mut/Mb) tumors 
• Less than 5% of breast cancers are TMB-H

• More common in metastatic (8.4%) vs primary (2.9%) 
• More common in metastatic lobular (17%) vs ductal 

(7.8%)

Thomas et al. OncoImmunology. 2018.
Barroso-Sousa et al. Ann Onc. 2020.  

37% 38%
11% 18%

Above bar chart is based on the mean TMB with 
patients assigned to low (below-mean) or high 
(above-mean) TMB categories
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• TAPUR Study (Ph2 basket study)
• 28 patients with metastatic breast cancer [TNBC = 13 (46%), HR+/HER2- = 12 (43%)]
• TMB: median 13 mut/Mb (range 9 to 37 mut/Mb); PD-L1 status unknown
• Disease Control Rate 37%, ORR 21% with median PFS = 10.6 weeks

Pembrolizumab in TMB-H Breast Cancer

Alva et al. JCO. 2021.  
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First Approval of ICI in Breast Cancer 

Atezolizumab + Nab-Paclitaxel 

Emens et al. JAMA Onc 2019. Adams et al. JAMA Onc 2018. 

Atezolizumab Some responses with atezolizumab but a 
lot of patients had rapid growth of their 
cancer

Much better control of the cancer when 
atezolizumab was combined with 
chemotherapy
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Atezolizumab in Metastatic TNBC
Clinical Trial Name IMpassion130
Patient Population Untreated patients with metastatic triple negative breast cancer; subgroup 

analysis in PD-L1+ tumors (SP142 IC  ≥ 1%)
# Patients on Trial 902 patients

FDA Approval Status Accelerated Approval (2019)
Withdrawn 8/2021

Schmid P et al. N Engl J Med 2018
Schmid P et al. Lancet Onc 2020.

When Nab-Paclitaxel (Abraxane) PLUS Atezolizumab (Tecentriq) was compared 
to Nab-Paclitaxel alone…

Was cancer better controlled (improved PFS)? YES* 
(7.5 vs 5.0 months)

Did patients live longer (improved OS)?** No
(25 vs 18 months)

Were side effects worse? NO

*statistically significant
** not statistically significant but an impressive clinical improvement
 



IMpassion131: Paclitaxel +/- Atezolizumab 

• 1L, mTNBC, randomized 2:1 (n =651)

Miles D, ESMO. 2020

No improvement in PFS, ORR, OS between arms 
FDA Issued an Alert (9/8/20) about efficacy
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August 27, 2021 Genentech voluntarily withdrew the 
indication for atezolizumab in mTNBC
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Pembrolizumab in Metastatic TNBC
Clinical Trial Name KEYNOTE-355
Patient Population Untreated patients with metastatic triple negative breast cancer; subgroup 

analysis in patients with PD-L1+ tumors (22C3 CPS ≥ 10)
# Patients on Trial 847 patients

FDA Approval Status Accelerated Approval (2020); Regular Approval (7/23/2021)

When Chemotherapy (gemcitabine/carboplatin, nab-paclitaxel or paclitaxel) PLUS Pembrolizumab (Keytruda) was 
compared to chemotherapy alone…

Was cancer better controlled (improved PFS)? YES* 
(9.7 vs 5.6 months)

Did patients live longer (improved OS)? YES*
(23 vs 16.1 months)

Were side effects worse? NO

Cortes, J. Lancet. 2020; Rugo et al. ESMO Congress. 2021. 

*statistically significant 







ESMO2-23

79% response rate 
regardless of PDL-1 

status  



TROPION-05
• Advanced/metastatic TNBC
• PDL-1 positive 
• N=550  
• 1: 1 randomization
• Primary endpoint: PFS



Chimeric Antigen Receptors (CARs)
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CAR-T production and infusion
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Immunotherapy in early 
stage breast cancer





Immunotherapy based regimens in high risk TNBC









S2212: SCARLET-SWOG NCI  (Chair: Sharma)







Loi et al  LBA ESMO 2023
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TROPION-03

• High risk TNBC with residual disease after 
neoadjuvant chemo

• Randomized to standard of care investigator’s 
choice vs 
• Dato-DXd   vs Dato-DXd plus durva

• Primary endpoint:  IDFS Dato-DXd durva vs 
investigator’s choice





Immunotherapy in HR+: Background and Rationale

• I-SPY 2 results define a subset of HR+ BC (MammaPrint ultra-high 
risk, MP2) that are highly chemotherapy sensitive and may also 
benefit from IO therapy 



SWOG Trial Schema
Clinical Stage II-III Hormone Receptor 
Positive, HER2-Negative Breast Cancer

Mammaprint Testing Available and MP2 (score -0.57 to -1)
Physician and Patient Discuss Randomization

Patients Consent to Mammaprint Testing, 
Discussion of Potential Participation in the Trial

STEP 2: Registration / Randomization 
Stratified By: 

1. Age (< 50 years versus ³ 50 years)
2. Nodal status (positive versus negative)

3. Intended adjuvant Abemaciclib use

AC
CE

PT

STEP 1 Registration

STEP 1 Registration and Submission of 
Tissue for Mammaprint Testing

Mammaprint MP2 
(score -0.57 to -1)

Mammaprint MP1 
or Low Risk

Not Eligible for 
Study

Arm 1: SOC Chemotherapy (AC-T) Arm 2: SOC Chemotherapy (AC-T) + Durvalumab

SOC Surgery, Radiation (if indicated), Endocrine Therapy (+/- Abemacicilb)
Follow Up Period: 10 years

1:1

N = 960



Future directions in 
immunotherapy options in 

breast cancer 





Balancing therapeutic efficacy with immune related adverse events

Zheng et al  Elsevier 2022
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