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Tumor Mutational Burden

Alexandrov et al Nature 2014



Trials by Breast Cancer SubtypeTrials by Immunotherapy Approach

Adams et al JAMA Oncology 2019



Rationale for I-O in Breast Cancer
 Heterogeneous disease representing molecular and clinical sub-types

 Initial single agent studies with PD-1/PDL-1 inhibitors had low response 
rates (<10%) suggesting breast cancer was not an immunologically 
active cancer  

 Some subtypes more promising

‒ HER2 amplified and Triple-negative: higher tumor mutational burden and  
higher number of tumor infiltrating lymphocytes (TILs)

‒ Higher TILs correlated with better response to neoadjuvant therapy



Single agent Checkpoint Studies in Breast cancer

Adams et al JAMA Oncology 2019



Combination Checkpoint Studies in Breast cancer

Adams et al JAMA Oncology 2019



IMpassion130 Study Design

Presented By Peter Schmid at 2019 ASCO Annual MeetingSchmid et al NEJM 2018
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Primary PFS Analysis in the ITT and PD-L1 IC+ Subgroup

Presented By Peter Schmid at 2019 ASCO Annual Meeting
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Patient Disposition at Second Interim OS Analysis

Presented By Peter Schmid at 2019 ASCO Annual Meeting



OS in ITT Population

Presented By Peter Schmid at 2019 ASCO Annual MeetingSchmid et al NEJM 2018



OS in PD-L1+ Population

Presented By Peter Schmid at 2019 ASCO Annual Meeting



Comparison of OS <br />in PD-L1+ and PD-L1− Populations

Presented By Peter Schmid at 2019 ASCO Annual Meeting



Subsequent Therapies

Presented By Peter Schmid at 2019 ASCO Annual Meeting



Schmid et al NEJM 2018



Updated Safety Analysisa

Presented By Peter Schmid at 2019 ASCO Annual Meeting



https://investors.merck.com/news/press-release-details/2020/Mercks-KEYTRUDA-pembrolizumab-in-Combination-with-Chemotherapy-Met-Primary-Endpoint-of-
Progression-Free-Survival-PFS-as-First-Line-Treatment-for-Metastatic-Triple-Negative-Breast-Cancer-mTNBC/default.aspx



KEYNOTE 355

Inoperable or mTNBC

First-line setting
R

N~828 pts
Chemo+placebo

Chemo+pembro

Stratify:

-chemo choice

-PDL-1 +/1

-prior chemo with same agent

Chemo options:

- Taxane (paclitaxel or nab-paclitxel)

- gem/carbo

Primary endpoints:

PFS and OS



KEYNOTE-522: Background

 Sustained clinical benefit observed in patients with TNBC who achieve pCR with neoadjuvant 
chemotherapy[1,2]

‒ Approximately 40% to 55% of patients achieve pCR with current neoadjuvant chemotherapy[3-7]

 pCR after neoadjuvant chemotherapy associated with increased long-term EFS (HR: 0.24) and OS 
(HR: 0.16)[8]

 Addition of pembrolizumab to neoadjuvant chemotherapy has demonstrated antitumor activity and 
tolerable safety in early-stage TNBC[9,10]

 Previously phase III KEYNOTE-522 reported a significant improvement in pCR with addition of 
pembrolizumab vs placebo in the neoadjuvant and adjuvant settings in patients with early-stage 
TNBC[11]

 Current KEYNOTE-522 analysis of pCR rates in key patient subgroups, by treatment exposure, 
residual cancer burden, and immune-mediate adverse events[12]

1. Cortazar. Lancet. 2014;384:164. 2. Huang. Ann Oncol. 2019;30 (suppl3):iii34. 3. Loibi. Ann Oncol. 2019;30;1279. 4. von Minckwitz. 
Lancet Oncol. 2014;15:747. 5. Sikov. JCO. 2015;33:13. 6. Petrelli. Breast Cancer Res Treat. 2014;14:223. 7. Loibi. Lancet Oncol.
2018;19:497. 8 Spring. AACR 2019. Abstr GS2-03. 9. Schmid. ASCO 2017. Abstr 556. 10. Nanda. ASCO 2017. Abstr 506. 11. Schmid. 
ESMO 2019. Abstr LBA8_PR. 12. Schmid. SABCS 2019. Abstr GS3-03



KEYNOTE-522: Study Design

Patients aged ≥ 18 yrs with 
newly diagnosed T1cN1-2 

or T2-4N0-2 TNBC; 
ECOG PS 0/1; tissue sample 
available for PD-L1 testing

(N = 602)

Carboplatin* + 
Paclitaxel†

Placebo

Pembrolizumab 200 mg Q3W

Doxo‡/Epirubicin¶ + 
Cyclophosphamide§

Carboplatin* + 
Paclitaxel†

Doxo‡/Epirubicin¶ + 
Cyclophosphamide§

Pembrolizumab 200 mg Q3W

Placebo

Neoadjuvant Phase Adjuvant Phase
Cycles 1-4, 12 wks Cycles 5-8, 12 wks Cycles 1-9, 27 wks

2:1

Stratification by 
nodal status, tumor size, 

carboplatin schedule

Su
rg

er
y 

*AUC 5 Q3W or AUC 1.5 QW
†80 mg/m2 QW

‡60 mg/m2 Q3W
¶90 mg/m2 Q3W
§600 mg/m2 Q3W

 Primary endpoints: pCR (ypT0/Tis ypN0) by local review, EFS by local review
 Secondary endpoints: pCR (ypT0 ypN0 and ypT0/Tis), OS, EFS, AE
 Exploratory endpoints: RCB, pCR by subgroups, EFS by pCR

Schmid. Et al NEJM 2020. 



KEYNOTE-522: Baseline Characteristics

Characteristic Pembrolizumab + Chemotherapy
(n = 401)

Placebo + Chemotherapy
(n = 201)

Median age, yrs (range) 49 (22-80) 48 (24-79)

ECOG PS 1, n (%) 73 (18.2) 28 (13.9)

PD-L1 positive,* n (%) 334 (83.3) 164 (81.6)

Carboplatin schedule, n (%)
 Q1W
 Q3W

167 (41.6)
234 (58.4)

83 (41.3)
118 (58.7)

Tumor size, n (%)
 T1/T2
 T3/T4

296 (73.8)
105 (26.2)

148 (73.6)
53 (26.4)

Nodal involvement, n (%)
 Positive 
 Negative

208 (51.9)
193 (48.1)

104 (51.7)
97 (48.3)

*Assessed by centralized laboratory.

Schmid. Et al NEJM 2020. 



 Definitive pCR analysis based on prespecified 
first 602 patients

‒ Precalculated P value boundary for 
significance: .003

 Consistent benefit seen with pCR defined as 
ypT0 ypN0 vs ypT0/Tis

 First interim analysis of EFS based on 1174 
patients at median follow-up of 15.5 mos

‒ Precalculated P value boundary for 
significance: .000051 (HR < 0.4)

KEYNOTE-522: pCR and EFS 

Endpoint
Pembrolizumab + 

Chemotherapy
(n = 401)

Placebo + 
Chemotherapy

(n = 201)

Definitive pCR 
analysis, % 64.8 51.2

Δ 13.6 (95% CI: 5.4-21.8) P = .00055

EFS, %
 Events, %

91.3
7.4

85.3
11.8

HR: 0.63 (95% CI: 0.43-0.93)

Schmid. Et al NEJM 2020. 



KEYNOTE-522: pCR by Key Patient Subgroups

pCR, % (n/N)
Pembrolizumab + 

Chemotherapy
(n = 401)

Placebo + Chemotherapy
(n = 201) Δ (95% CI)

Disease stage  IIA
 IIB
 IIIA
 IIIB

73.1 (133/182)
56.2 (68/121)
66.7 (40/60)
48.6 (18/37)

62.1 (54/87)
48.4 (30/62)
42.1 (16/38)
23.1 (3/13)

11.0 (-0.7 to 23.2)
7.8 (-7.4 to 22.8)
24.6 (4.3 to 43.1)
25.6 (-6.1 to 48.9)

Lymph node involvement  Negative
 Positive

64.9 (124/191)
64.8 (136/210)

58.6 (58/99)
44.1 (45/102)

6.3 (-5.3 to 18.2)
20.6 (8.9 to 39.1)

PD-L1 expression  CPS < 1
 CPS ≥ 1
 CPS ≥ 10
 CPS ≥ 20

45.3 (29/64)
68.9 (230/334)
77.9 (162/208)
81.7 (103/126)

30.3 (10.33)
54.9 (90/164)
59.8 (55/92)
62.5 (40/64)

18.3 (-3.3 to 36.8)
14.2 (5.3 to 23.1)
17.5 (6.2 to 29.1)
18.5 (5.0 to 32.7)

Chemotherapy exposure*  Full exposure
 < Full exposure

69.7 (314/307)
51.1 (46/90)

55.3 (88/159)
35.7 (15/42)

14.4 (5.1 to 3.6)
15.4 (-3.0 to 32.1)

*Full exposure comprised paclitaxel weekly 10-12 doses, carboplatin weekly 10-12 doses or Q3W 4 doses, doxorubicin or epirubicin
Q3W 4 doses, and cyclophosphamide Q3W 4 doses, regardless of exposure to pembrolizumab.

Schmid. Et al NEJM 2020. 



KEYNOTE-522: Residual Cancer Burden and AEs

Residual Cancer 
Burden, %

Pembrolizumab + 
Chemotherapy

(n = 401)

Placebo + 
Chemotherapy

(n = 201)

RCB 0 65.6 52.7

RCB I 8.5 10.9

RCB II 16.2 21.9

RCB III 4.5 8.5

AE, %
Pembrolizumab + 

Chemotherapy
(n = 781)

Placebo + 
Chemotherapy

(n = 389)

Any grade 32.1 10.8

Grade 3-5 12.0 1.0

Grade 5* 0.1 0

D/c due to AE 6.5 0.8

Immune-Mediated 
AE (All Grades) in 
≥ 10 Patients, %

Pembrolizumab + 
Chemotherapy

(n = 781)

Placebo + 
Chemotherapy

(n = 389)

Hypothyroidism 14.9 5.7

Skin reaction 5.5 1.0

Hyperthyroidism 5.1 1.8

Adrenal insufficiency 2.7 0

Pneumonitis 1.9 1.5

Colitis 1.8 0.8

Hypophysitis 1.8 0.3

Thyroiditis 1.7 1.0

Hepatitis 1.4 0.5

*Death from pneumonitis, n = 1.

Schmid. Et al NEJM 2020. 



NeoTRIPaPDL1: Background

 TNBC associated with poor prognosis and rapid progression to distant metastases and 
development of resistance to chemotherapy

‒ Setting in need of new therapeutic approaches

 Prognosis and probability of response to chemotherapy correlated with immune 
infiltration of TNBC

 Whether as single agent or in combination with SoC chemotherapy, blocking PD-L1/PD1 
may promote durable responses in TNBC by immune mechanisms

‒ In phase III IMpassion130 trial, addition of anti–PD-L1 antibody atezolizumab to nab-paclitaxel 
achieved significant PFS and OS benefit in PD-L1–positive metastatic TNBC[1,2]

 Current analysis evaluated efficacy, safety of carboplatin/nab-paclitaxel ± atezolizumab in 
patients with early, high-risk and locally advanced TNBC[3]

1. Schmid. NEJM 2018;379:2108. 2. Schmid. ASCO 2019. Abstr 1003. 3. Gianni. SABCS 2019. Abstr GS3-04. 



 Open-label, randomized phase III trial

Atezolizumab 1200 mg Day 1 Q3W for 8 cycles +
Carboplatin AUC2 + nab-Paclitaxel 125 mg/m2

Day 1, Day 8 Q3W; 8 cycles
(n = 138)

NeoTRIPaPDL1: Study Design

Patients with HER2-/ER-/PgR-
early, high-risk (T1cN1, T2N1, 
or T3N0) or locally advanced 

unilateral breast cancer*
(N = 280) Carboplatin AUC2 + nab-Paclitaxel (125 mg/m2) 

Day 1, Day 8 Q3W; 8 cycles
(n = 142)

 Primary endpoint: EFS at 5 yrs after randomization of last patient 

 Key secondary endpoint: pCR rate (defined as absence of invasive cells in breast and lymph nodes)

 Other secondary endpoints: tolerability; predictive biomarkers of benefit and/or resistance
Gianni. SABCS 2019. Abstr GS3-04. 

Stratified by geographical area, disease stage (early, high risk vs 
locally advanced), PD-L1 expression (positive IC vs negative)

*ER, PgR, HER2, and PD-L1 centrally assessed before randomization. Tumor and blood banked for correlative studies.

Surgery 
followed by 

anthracycline 
regimen x 4 
cycles per 

investigator 
choice



NeoTRIPaPDL1: Baseline Characteristics (ITT)

Characteristic
Atezolizumab + 

Carboplatin/nab-Paclitaxel
(n = 138)

Carboplatin/nab-Paclitaxel 
(n = 142)

Median age, yrs (range) 49.5 (25-79) 50 (24-77)

Disease stage, n (%)  Early high risk
 Locally advanced

69 (50)
69 (50)

73 (51)
69 (49)

PD-L1, n (%)  Negative
 Positive

79 (57)
59 (43)

77 (54)
65 (46)

T stage, n (%)  cT1c
 cT2
 cT3
 cT4a-d

13 (9)
61 (44)
47 (34)
17 (12)

8 (6)
75 (53)
41 (29)
18 (13)

Nodal status, n (%)  cN0
 cN1
 cN2
 cN3

18 (13)
85 (62)
16 (12)
19 (14)

19 (13)
79 (56)

22 (15.5)
22 (15.5)

Gianni. SABCS 2019. Abstr GS3-04. 



NeoTRIPaPDL1: Patient Disposition

Atezolizumab + 
Carboplatin/nab-Paclitaxel

(n = 138)

Carboplatin/nab-Paclitaxel 
(n = 142)

Protocol population 125 126

Nonevaluable
 Failed eligibility after randomization
 Withdrew consent
 Missing surgery in absence of PD
 Other

3
2
5
4

2
5
6
3

Gianni. SABCS 2019. Abstr GS3-04. 



NeoTRIPaPDL1: pCR Rate (ITT)

 Overall pCR rate difference: 2.63%; odds ratio: 1.11 (95% CI: 0.69-1.79); P = .66

Gianni. SABCS 2019. Abstr GS3-04. Reproduced wit permission. 

Overall                       PD-L1 Positive                     PD-L1 Negative

60

50

40

30

20

10

0
43.5%      40.8%                51.9%      48.0%                   32.2%     32.3%

Early, High Risk               Locally Advanced

44.9%     39.7%                  42.0%     42.0%

Carboplatin/nab-paclitaxel 
Atezolizumab + carboplatin/nab-paclitaxel



NeoTRIPaPDL1: Multivariate Analysis of Factors 
Associated With pCR

Gianni. SABCS 2019. Abstr GS3-04. 

Variable Odds Ratio (95% CI) P Value
Treatment: with atezolizumab vs 
without 1.11 (0.88-1.40) .39

PD-L1 expression: positive vs negative 2.08 (1.64-2.65) < .0001
Disease stage: early, high risk vs 
locally advanced 0.84 (0.66-1.06) .15



NeoTRIPaPDL1: Clinical Overall Response and Disease 
Progression During Neoadjuvant Therapy

Gianni. SABCS 2019. Abstr GS3-04. 

Response
Atezolizumab + 

Carboplatin/nab-Paclitaxel
(n = 138)

Carboplatin/nab-Paclitaxel
(n = 142)

Clinical ORR, % (95% CI) 76.1 (68.1-82.9) 68.3 (60.0-75.9)

CR, % 29.0 26.1

PR, % 47.1 42.3

SD, % 3.6 4.9

PD, % 5.8 8.4

Not assessed, % 14.5 18.3

PD during neoadjuvant therapy, n (%)
 Overall
 Locoregional
 Distant

8 (5.8)
4 (2.9)
4 (2.9)

12 (8.4)
9 (6.3)
3 (2.1)



NeoTRIPaPDL1: Safety

Gianni. SABCS 2019. Abstr GS3-04. 

Adverse event
Atezolizumab + 

Carboplatin/nab-Paclitaxel
(n = 138*)

Carboplatin/nab-Paclitaxel
(n = 140*)

Treatment-related AEs, %
 Any grade
 Grade ≥ 3
 Serious AEs
 Led to death (unknown causes)
 Led to treatment discontinuation‡

97.8
77.5
18.1†

0.7
25.4

98.6
70.0
5.7†

--
25.0

Immune-mediated AEs and infusion reactions
 Infusion reactions
 Hypothyroidism
 Thyroiditis
 Hyperthyroidism
 Colitis
 Pancreatitis
 Hepatitis
 Interstitial nephritis
 Coombs positive hemolytic anemia
 Thrombotic thrombocytopenia purpura

Any grade
8.0
5.8
1.5
0.7
1.5
1.5
0.7
0.7
0.7
0.7

Grade ≥ 3
1.4
--
--
--

0.7
1.5
--
--

0.7
0.7

Any grade
5.7
1.4
--
--
--
--
--
--
--
--

Grade ≥ 3
0.7
--
--
--
--
--
--
--
--
--

*Safety population included all patients who received ≥ 1 dose. †P = .003. 
‡Median no. of cycles before discontinuation: 6 (range: 1-7) for both study arms.



50% 70%

NeoTRIPaPDL1: Treatment-Related AEs in ≥ 15% of 
Patients

Gianni. SABCS 2019. Abstr GS3-04. 

Atezolizumab + 
Carboplatin/nab-Paclitaxel

Carboplatin/nab-Paclitaxel

Grade 1/2
Grade ≥ 3

Neutropenia
Nausea
Thrombocytopenia
Anemia
Fatigue
Peripheral neuropathy
Leukopenia
Vomiting
Asthenia
Liver Transaminases
Diarrhea

50%30%30% 10% 10%070%



1) CDK 4/6 inhibition increases antigen prsentations via type II inteferons
2) 2) CDK 4/6 inhibition suppress proliferation of regulatory T cells 



Conclusions:
 Immune checkpoint inhibitors and chemotherapy are showing 

significant activity in breast cancer

‒ No new safety signals

 To date, most mature data in triple-negative breast cancer

‒ Phase 3 Impassion 130: Atezo-nab-paclitaxel in PDL-1 +

‒ Impressive path CR rates in the neo-adjuvant setting (KEYNOTE 522)

 Ongoing studies will establish role in other breast cancer settings

‒ Adjuvant

‒ HER2 positive

‒ ? ER+


