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Overview

• Rationale for immunotherapy (IO) in TNBC and combination with chemotherapy

• Metastatic TNBC: Current state of IO & PD-L1 as biomarker

• Early TNBC

• Conclusions and future directions



Rationale for IO in TNBC and Combination with Chemotherapy

Luen et al, Breast 2016, Stanton et al, Jama Onc 2016, Nanda et al, JCO 2016, Adams et al Ann Oncol 2019, Cortes et al, ESMO 2019, 
Emens et al, JAMA Onc 2019, Gatti-Mays et al, Nature Breast Cancer 2019, Loi et al, JCO 2019, Adams et al, JAMA Onc 2019, Denkert et 
al, Lancet Oncol 2018, Page et al, Nature Breast Cancer 2019, Galluzzi et al, Nat Rev Clin Oncol 2020, Chen/Mellman Immunity 2013

Immune checkpoints in breast cancer 
♦ Expression associated with tumor-infiltrating lymphocytes (TILs)
♦ TILs are evidence of anti-tumor immune response; highest in TNBC 
♦ PD-L1 expressed mainly in infiltrating immune cells in BC
♦ PD-1 on T-cells down-regulates immune response, blocking PD-1/PD-

L1 can augment T-cell response

Anti- PD-1/PD-L1 antibodies have shown single agent activity in 
TNBC including durable responses (1L > 2L+)

Combination of IO with cytotoxics
♦ Chemotherapy is SOC in TNBC and can have several immunogenic 

effects, TIL-rich tumors have highest pCR rates
♦ Combination with chemotherapy may be synergistic by targeting 

different steps in the cancer immunity cycle

Barriga V. et al. Cancers 2019, 11(8), 1205



Metastatic 

• Keynote 355



PD-L1 as Biomarker (in metastatic setting) 

Figure modified from Eckstein et al, Ann Transl Med 2019

Two different PD-L1 companion diagnostics approved in US

Score IHC Assay Grading FDA Indication mTNBC

Immune cell 
score (IC)

Ventana 
SP142

% of tumor area covered by area 
of PD-L1+ immune cells

Atezolizumab 
(IC ≥ 1%)
41% in IMpassion130

Combined 
positive score 
(CPS)

Dako 22c3 Total number of PD-L1–positive 
cells (tumor cells, lymphocytes, 
and macrophages) divided by the 
total number of tumor cells x 100

Pembrolizumab 
(CPS ≥ 10)
37% in KEYNOTE-355

Rugo et al ESMO 2019, Rugo et al SABCS 2019

Retrospective comparison of SP142 and 22c3 assays in IMpassion130 (biomarker evaluable = 614 pts):
Rates of PD-L1 positivity vary by assay and threshold, analytic and clinical concordance suboptimal, clinical 
dilemma (see commentary Salgado et al, Lancet Oncol 2020)





Trial Target Chemo N
Open 

(Estimated 
Completion)

PD-L1+ Primary endpoints
(Hierarchical testing) Secondary endpoints De novo, 

DFI (mos)

IMpassion130
(NCT02425891)
FDA approval 

3/2019; 
Withdrawal 

8/2021

PD-L1 Nab-Paclitaxel 900 June 2015
(April 2020)

IC≥1
41%

PFS ITT  7.2 vs 5.5 mos
PFS PD-L1+  7.5 vs 5 mos
OS ITT  21 vs 18.7 mos n.s.*

OS PD-L1+  25.4 vs 17.9 mos n.t.*

ITT │ PD-L1+
ORR (%): 56 vs 46% │ 59 vs 43%
DOR (mos): 7.4 vs 5.6 │ 8.5 vs 5.5

PRO (no detriment to HRQoL with added IO)

37%,
≥ 12

IMpassion131
(NCT03125902)
FDA warning

PD-L1 Paclitaxel 651 Aug 2017
(June 2021)

IC≥1
45%

PFS PD-L1+ 6 vs 5.7 mos n.s.

PFS ITT  5.7 vs 5.6 mos n.t.*

PD-L1+ │ ITT
OS (mos): 22.1 vs 28.3 │ 19.2 vs 22.8
ORR, PFS by IRC and PRO (pending)

30%,
≥ 12 

IMpassion132
(NCT03371017) PD-L1 Gem/carbo Or

capecitabine 350 Jan 2018
(Jan 2023)

IC≥1
n/a

OS in PD-L1+ (pending)
OS in ITT (pending)

12-mos OS, 18-mos OS, PFS, RR, 
DOR, CBR, PRO (pending)

0,
≤ 12 

KEYNOTE-355
(NCT02819518)
FDA approval 

11/2020

PD-1
Nab-Paclitaxel 
Or paclitaxel 
Or gem/carbo

847 July 2016
(Dec 2019)

CPS≥10
37%

CPS≥1
75%

PFS CPS≥10 9.7 vs 5.6 mos
PFS CPS≥1 7.6 vs 5.6 n.s.*

PFS ITT  7.5 vs 5.6 n.t.*

OS in PD-L1+ (pending)
OS ITT (pending)

CPS≥10 │ CPS≥1 │ ITT
ORR (%): 53 vs 40 │ 45 vs 38 │ 41 vs 36
DCR (%): 65 vs 54 │ 59 vs 54 │ 56 vs 52
DOR (mos): 19 vs 7 │ 10 vs 7 │ 10 vs 6 

Consistency of efficacy per chemo regimen^
PFS HR nab-Pac: 0.57 │ 0.66 │ 0.69

PFS HR Pac:  0.33 │ 0.46 │ 0.57
PFS HR Gem/Carbo:   0.77 │ 0.86 │ 0.93

29%,
≥ 6

Phase 3 IO chemo combination 1L advanced TNBC trials

IMpassion130: Atezolizumab 840/PLA q2w + Nab-Paclitaxel 100 D1, 8, 15 of 28 days
IMpassion131: Atezolizumab 840/PLA q2w + Paclitaxel 90 D1, 8, 15 of 28 days, 8–10 mg dexamethasone x at least 2 infusions. Stratifier prior taxane, PD-L1 status, liver mets, geographic location. 49% prior taxane, 50% prior anthracycline
IMpassion132: Atezolizumab 1200/PLA d1 q 3w + chemo (Gemcitabine 1000/carboplatin AUC 2 d 1, 8 of 21 days or Capecitabine 1000 mg/m2, BID d1 to 14 q21d) 
KN-355: Pembro 200/PLA q3w + Chemo (Nab-Pac 100 D1, 8, 15 of 28 days Or Pac 90 D1, 8, 15 of 28 days Or Gem/ Carbo D1, 8 of 21 days). Stratified by taxane (45%) vs not (55%), PD-L1, prior expos to chemo class (same 22%).

* By hierarchical testing (n.s. not significant, n.t. not tested)      Schmid et al, NEJM 2018, Adams et al, Ann Oncol 2020, Miles et al, ESMO 2020, Cortes et al, ASCO 2020, Rugo et al, SABCS 2020
^ exploratory, not powered



Phase 3 IO chemo combination 1L advanced TNBC-KN-355

Cortes et al, ASCO 2020, Rugo et al, SABCS 2020

Chemotherapy regimens:
• Nab-paclitaxel (31%)
• Paclitaxel (13%)
• Gemcitabine/carboplatin (55%)



Phase 3 IO chemo combination 1L advanced TNBC-KN-355

^ exploratory, not powered Cortes et al, ASCO 2020, Rugo et al, SABCS 2020

Consistency of efficacy per chemo regimen^



Phase 3 IO chemo combination 1L advanced TNBC-KN-355

* By hierarchical testing (n.s. not significant, n.t. not tested) Cortes et al, ASCO 2020, Rugo et al, SABCS 2020
^ exploratory, not powered

Secondary endpoints



Safety of IO in metastatic TNBC
Organ-specific Immune-related Adverse Events in metastatic TNBC trials (n>1000 patients)

irAE All grades (%) Grade 3-4 (%) Grade 5 (%)
Dermatologic Pruritis, Rash 18 0.5 0

Endocrine
Hypothyroidism 12 0 0

Hyperthyroidism 5 0.1 0

Gastro-
intestinal

Hepatitis; elevated transaminases 10 3 0.2

Colitis, diarrhea 2.5 0.45 0

Hematologic
Prespecified autoimmune anemia, 
lymphopenia, thrombocytopenia 
and clotting abnormalities

4 1 0.2

Respiratory Pneumonitis 3 0.5 0.1

Other (<1%)

Adrenal insufficiency, type 1 
diabetes, ocular, myositis, 
neurological/myositis, 
nephritis/elevated creatinine

<1 <0.5 0

D’Abreo and Adams. Nat Rev Clin Oncol 2019

irAE incidence in mTNBC (any grade)

• Single agent: 18.5%

• Higher in combination trials: 
- 57% atezolizumab+nab-pac
- 42% nab-pac monotherapy

Management guidelines ASCO/NCCN
(Brahmer et al, J Clin Oncol 2018)



Summary IO in advanced TNBC
Combining immune checkpoint inhibitors with chemotherapy has been demonstrated in two RPh3 trials to 

improve PFS. FDA approval only for pembrolizumab in PD-L1+ mTNBC. 
OS data appear promising.
 PD-L1 is an imperfect biomarker although the best to date. Degree of positivity associated with IO efficacy.
Dilemma of different companion diagnostics and thresholds. Required hierarchical testing in trials and 

complicates clinical decision-making.

Unmet needs & unanswered questions 
• De-escalation: Does every patient need chemotherapy? Who will do as well with IO monotherapy? 

Predictive markers?
• Effective therapies for PD-L1- mTNBC sorely needed
• Despite progress for PD-L1+ mTNBC, OS still too low  

• Other alternatives to augment durable immune response are needed



Neoadjuvant



Keynote 522 study schema 

Chemo= paclitaxel/carboAC Q3 wks x 4
Pembro continued Q3wks adjuvantly x 9 cycles



Keynote 522: pCR

P Schmid et al N Engl J Med 2020;382:810-21.



Keynote 522: Event Free Survival (EVS)

P Schmid et al N Engl J Med 2020;382:810-21.

EVS: “Progression of disease that precludes surgery, local 
or distant recurrence, second primary malignancy (breast 
or other cancers) or death due to any cause.”

91.3%

85.3%



Keynote-522: Toxicity Profile

~ Δ 5%

P Schmid et al N Engl J Med 2020;382:810-21.



Keynote 522: AE’s in combined phases

P Schmid et al Ann Onc 2021;32:VP7-2021.



Keynote 522- iRAEs in combined phase

P Schmid et al Ann Onc 2021;32:VP7-2021.



Safety of IO in early TNBC

• Commonly reported AEs similar between arms and mostly driven by chemotherapy
• Increased toxicity (∆ to chemotherapy arm)
Treatment-related G3/4 AE (3% in IMpassion031, 5% in KN-522, 7% in NeoTRIP)
Treatment-related G5 AE (0 in IMpassion031, 0.4% in KN-522, 0.7% in NeoTRIP)
IrAEs (10% in IMpassion031, 20% in KN-522) 

• serious irAEs (such as adrenal insufficiency) similar to other studies w/PD-1 mAB. 
Patient education and early intervention is key.

• Patients should be informed that endocrinopathies can result in life-long requirement for 
monitoring and supplementation. 





Keynote-522: EFS, interim analysis #4

P Schmid et al Ann Onc 2021;32:VP7-2021.



Keynote 522: EFS by Category

P Schmid et al Ann Onc 2021;32:VP7-2021.



Keynote-522: Distant RFS

P Schmid et al Ann Onc 2021;32:VP7-2021.



Keynote-522: 36 month OS 

P Schmid et al Ann Onc 2021;32:VP7-2021.



EFS by pCR (ypT0/ypN0)

P Schmid et al Ann Onc 2021;32:VP7-2021.



Impassion 031

Mittendorf EA et al.  Lancet. 2020 Oct 10;396(10257):1090-1100.



Impassion031: Co-primary endpoint pCR ITT

Mittendorf EA et al.  Lancet. 2020 Oct 10;396(10257):1090-1100.



Mittendorf EA et al.  Lancet. 2020 Oct 10;396(10257):1090-1100.

Impassion031: Co-primary endpoint pCR in 
PDL1+ tumors



Phase 3 IO + chemo neoadjuvant TNBC trials
Trial Target Chemotherapy N

Open 
(Estimated 

Completion)
Primary endpoint(s) Secondary endpoints Eligibility LN 

positive

IMpassion031
(NCT03197935) PD-L1 Nab-paclitaxel, 

ddAC 333 July 2017
(Sept 2021)

pCR ITT 58 vs 41%
pCR PD-L1+ 69 vs 49%n.s.*

EFS, DFS, OS (all 
+trend), safety, PRO

T1N1-3
T2-4N0-3 36%

KEYNOTE-522 
(NCT03036488) PD-1 Paclitaxel + 

carbo, AC/EC
1150 
(602)

March 2017
(March 2025)

pCR ITT 65 vs 51%
EFS ITT (+ trend) pCR PD-L1+ 69 vs 55%, 

EFS PD-L1+, OS
T1cN1-2
T2-4N0-2 51%

NeoTRIPaPDL1 
(NCT02620280) PD-L1

Nab-paclitaxel 
+ carbo, postop 

AC/EC/FEC
280 April 2016

(October 2022) 5 yr-EFS (pending) pCR ITT 44 vs 41%n.s., 
safety

T1cN1
T2N1

T3-4N0-3
87%

NSABP B-59 
(NCT03281954) PD-L1

Paclitaxel+ 
Carboplatin, 

AC/EC
1520 December 2017

(June 2024)
pCR (pending)
EFS (pending)

OS, RFI, dDFS (all 
pending)

T1cN1-3
T2-3N0-3 n/a

IMpassion031: Atezolizumab 840/PLA q2w + nab-paclitaxel 125 q1w x 12 – Atezolizumab/PLA q2w + ddAC x 4 - surgery – atezolizumab 1200/PLA q3w to 1 year. Stratification stage II/III, PD-L1+/-.
KEYNOTE-522: Pembrolizumab 200/PLA q3w + weekly paclitaxel 80 + carboAUC1.5 qw or AUC 5 q3w x 4 cycles – pembrolizumab 200/PLA q3w + AC q3w x 4 - surgery – pembrolizumab 200/PLA q3w x 9 cycles. Stratification LN+/-, T1-2/3-4, Carbo qw/q3w.
NeoTRIP:  open label Atezolizumab 1200/PLA q3w + Carboplatin AUC2 D1, 8 of 21 days + Nab-paclitaxel 125 D1, 8 of 21 days x 8 – surgery - AC/EC/FEC q3w (without adjuvant Atezolizumab/PLA). Stratification n/a.
NSABP B-59/GeparDouze: Weekly Paclitaxel 80 x 12 + Carboplatin AUC 5 q3w x 4 + Atezolizumab 1200 q3w x 4 - AC (or EC) q2-3w x 4 - surgery – Atezolizumab 1200 q3w until 1 year

* By hierarchical testing  Schmid et al, NEJM 2020, Mittendorf et al, Lancet 2020, Gianni et al SABCS 2019, Mittendorf et al, SABCS 2020



PD-L1 as biomarker (in neoadj setting)

PD-L1 positivity predicts higher likelihood of pCR but not who benefits 
from added IO

IMpassion031 KEYNOTE-522 NeoTRIP
Assay (cutoff) SP142 (IC 1%) 22C3 (CPS 1%) SP142 (IC 1%)
PD-L1+ prevalence 46% 83% 54%
pCR (%): PD-L1+│ ITT │PD-L1- 69 │ 58 │ 48 69 │ 65 │ 45 52 │ 43 │ 31
pCR ∆: PD-L1+ │ ITT │ PD-L1- 20 │ 17 │ 13 14 │ 14 │ 15 4 │ 3 │ 0



Summary IO in early TNBC
 Combining immune checkpoint inhibitors with neoadjuvant chemotherapy has been demonstrated in two 

RPh3 trials to improve pCR rates. 
 Significant improvement in EFS and OS at 36 months (Keynote-522).
 Toxicity is manageable.
 Adjuvant capecitabine becomes increasingly unnecessary in patients who receive keynote-522 regien

Unmet needs & unanswered questions 
• De-escalation: Does every patient need chemotherapy? and immunotherapy?
• Lack of predictive biomarkers
• Will longer term f/u show significant advantage to continuation of pembro after pCR? 

• Optimization of chemotherapy backbone: Carboplatin? Anthracyclines? Sequencing?
• Results of adjuvant IO trials

 A-Brave (NCT02926196, estimated completion date June 2023)
 IMpassion030 (NCT03498716, estimated completion date December 2024)
 SWOG S1418/BR006 (NCT02954874, estimated completion date May 2026)



Thank You!
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