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The heat wave of an anti-tumor response- Karen Kardsson



Outline
l.  Background on immunotherapy

Il. Clinical trials in breast cancer > recent approvals / standard of
care

Ill. Areas of ongoing research
V. Summary / Questions

Objectives

* Review basics of immune checkpoint inhibition and relevant clinical
trials leading to approval for use in breast cancer

* Discuss ongoing research in the field of checkpoint inhibition in
breast cancer



Background: Immune checkpoints in cancer

Types of immunotherapy
* Cancer Vaccines
* Adoptive Cellular Therapy (ACT)

Santa-Maria et al. Expert Rev Anticancer Ther 2015

/_,__/
* Immune Checkpoint Blockade

Checkpoints control T cell activation

through various mechanisms W innibitor

agonist

PD1/PDL1 blockade active in many
cancers

5] Tumor cell

MDSC

(myeloid derived suppressor cell)
T-reg

(T-regulatory cell)

TAM
(tumor associated macrophage)

Breast cancer historically considered to
have a “cold” immunophenotype in part
due to immunosuppression

NK cell

(natural killer cell)

DC

(dendritic cell)




THE ROAD TO CANCER IMMUNITY:“IF A CAR IS SITTING AT THETOP OF A HILLWITH THE FRONT POINTING
DOWNHILL, IT MAY ONLY NEED THE PARKING BRAKE RELEASED TO START MOVING.ANOTHER CAR SITTING ON
A FLAT ROAD MAY NEED THE BRAKE RELEASED AND A PUSH TO GET GOING.A CAR SITTING AT THE BOTTOM OF
A HILL AND FACING UPHILLWILL NEED THE BRAKE RELEASED AND A LOT OF GASTO GET MOVING,” SAYS DREW
PARDOLL, DIRECTOR,THE BLOOMBERG~KIMMEL INSTITUTE FOR CANCER IMMUNOTHERAPY

To Cancer
Immunity




Change in Sum of Largest Diameters from Baseline (%

Il. Clinical trials in METASTATIC breast cancer:
Checkpoint blockade confers durable responses...
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Lack of robust Atezolizumab Pembrolizumab
response to single (n =116) (n =222)

o, A
agent therapy: 0 24% 239,

N
S
o~
|

10% =

0%

Objective Response Rate (%)

1L 2L+ 1L 2L+
Metastatic Population Agent Evaluable (N) (0]3{}
TNBC Avelumab 58 5%
HER2+ Avelumab 26 0%
HR+ HER2- Pembrolizumab 25 12%
Avelumab 72 3%

Emens JAMA Oncol 2018; Adams et al. SABCS 2017; Dirix Breast Cancer Res Treat 2018; Rugo Clin Cancer Res 2018.



KEYNOTE-355 Study Design (ncTo02819518)

Key Eligibility Criteria

« Age =18 years

Central determination of TNBC and
PD-L1 expression

Previously untreated locally

recurrent inoperable or metastatic » Paclitaxel,
TNBC

Completion of treatment with
curative intent 26 months prior to
first disease recurrence

ECOG performance status O or 1
Life expectancy =12 weeks from
randomization

Adequate organ function

No systemic steroids

No active CNS metastases ‘ s §
No active autoimmune disease Stratification Factors

Pembrolizumab? + Chemotherapy®

Progressive

* Nab-paclitaxel _ diseased/cessation
+ Gemcitabine/carboplatin

of study therapy

Placebo¢ + Chemotherapy®

« Prior treatment with same class chemotherapy in the
neoadjuvant or adjuvant setting (yes vs no)

Cortes J et al. NEJM 2022



Subgroup

No. of Patients

Median Overall Survival Hazard Ratio for Death (95% Cl)

Pembrolizumab—  Placebo—
chemotherapy chemotherapy
- mo
Overall 847 i752 15t5 =0 0.89 (0.76-1.05)
PD-L1 CPS cutoff of 1
CPS =1 636 17.6 16.0 —o— 0.86 (0.72-1.04)
CPS <1 211 16.2 14.7 —— 0.97 (0.72-1.32)
- ] & PD-L1 CPS cutoff of 10
Progression-Free Survival: PD-L1 CPS 21 T - oy o I
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P 80+ b Cheis 1621211 76.8% (0.61-0.80) CPS <20 643 15.9 15.5 0.96 (0.80-1.14)
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*Prespecified P value boundary of 0.00111 not met .‘! 40 1
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2 30+ i
@ 1
& 204 : .
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Time, months
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220 173 122 96 63 52 44 37 25 12 5 0 0
103 80 41 30 18 15 12 8 8 7 3 1 0

Cortes J et al. ASCO 2020. Abstract 1000.

‘Prespecified P value boundary of 0.00411 met

Hazard ratio (Cl) analyzed based on a Cox regression model with treatment as a covariate stratified by the randomization stratification factors. Data cutoff December 11, 2019

Cortes et al. Lancet. 2020;396(10265):1817-1828.
Cortes et al. NEJM 2022




FDA-Approval

/On 11/13/20, the FDA granted accelerated\
approval to pembrolizumab in combination
with chemotherapy for patients with
unresectable or metastatic TNBC whose
tumors express PD-L1 (CPS 210) as
determined by an FDA-approved test.




What about the early-stage disease?

Eligibility

* Newly diagnosed TNBC
(central confirmation)

« T1c N+ or T22 NO-2

« PD-L1+ or PD-L1-

Stratification
e T1/T2Vvs T3/T4
e NO vs N+

« Carboplatin Q1W
vs Q3W

KEYNOTE-522

N=1,174

Neoadjuvant chemo

+ pembrolizumab

Neoadjuvant chemo
+ placebo

Within 3-6 weeks

Study Treatment

Carbo QlW or Q3W AC AC|AC| AC
orlor] or| or
HHHHHHHEHEHH ec|ec|ec] ec

Q1w

Surgery

Primary endpoints
: « pCRrate
Adjuvant _
pembrjolizu mab (ypTO/Tis ypNO)
« EFS

9 cycles
Secondary endpoints

« Alternative pCR rate
9 cycles  pCRratein PD-L1+

« EFSinPD-L1+

« OS

Paclitaxel 80 mg/m? IV weekly

Carboplatin weekly (AUC 1.5) or Q3W (AUC5)
Doxorubicin 60 mg/m? IV Q3W

(Epirubicin 90 mg/m?2 IV Q3W)
Cyclophosphamide 600 mg/m? IV Q3W
Pembrolizumab 200 mg IV Q3W

Schmid P et al. NEJM 20109.




KEYNOTE-522: Higher pathologic complete response (pCR) at interim analysis 1

100 ~

A

ITT
14%

64.8%

260/401

103/201

100 A

pCR, % (95% Cl)
Ul
o

PD-L1+
A14%

B Pembro + chemo
" Placebo + chemo

PD-L1-

68.9%

230/334

PD-L1-Positive

A15%

3%

90/164

PD-L1-Negative
Schmid P et al. NEJM 20109.



KEYNOTE-522: EFS update at interim analysis at 63 months

100—
90— i
N84.5% mmuy 81.3% o
—wm > 7 N9Y%
70— E
| 76.8% 72.3%
60—
X ! HR
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= e | Pembro + Chemo/Pembro  15.7% 0.632  0.00031°
30— Pbo + Chemo/Pbo 23.8%
20— i
10— E
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Month
No. at Risk onths

Pembro + Chemo/Pembro 784 781 769 751 728 718 702 692 681 671 652 551 433 303 165 28
Pbo + Chemo/Pbo 390 386 382 368 358 342 328 319 310 304 297 250 195 140 83 17

0 0
0 0

Schmid et al. ESMO Virtual Plenary. Abstract VP7-2021. Presented July 15, 2021.



https://www.annalsofoncology.org/article/S0923-7534(21)02063-9/fulltext

EFS by pCR, %
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EFS by pCR at 63 months

}pCR Yes

—

'PCR No

-

52.3%

12 15 18 21 24 27 30 33 36 39 42 45 48 51
Months

Schmid et al. ESMO Virtual Plenary. Abstract VP7-2021. Presented July 15, 2021.



https://www.annalsofoncology.org/article/S0923-7534(21)02063-9/fulltext

PCR, % (95% Cl)
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PCR by Nodal Status

A 6.3%

Negative

A 20.6%

Positive

~ EFS in Subgroups

Overall ——
Nodal status
Positive
Negative
umor size
T1UT2 ——
T3/T4 —1—
Carboplatin schedule
Every 3 weeks ——
Weekly ——
PD-L1 status
Positive ——
Negative —
Age category
<65 years ——
>65 years —_—1
ECOG PS
0 ——
1 —_—1T—
I 1
0.1 1 10
< >
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Pembro + Chemo/Pembro Pbo + Chemo/Pbo

Schmid et al. ESMO Virtual Plenary. Abstract VP7-2021. Presented July 15, 2021.



https://www.annalsofoncology.org/article/S0923-7534(21)02063-9/fulltext

EFS by Overall Disease Stage
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Schmid et al. SABCS 2021.



OS, %

Overall Survival—met in May 2024

100 ———
89.7%
90— M
80— ' 86.9% HR
. ° Events (95% Cl) P-value
5 Pembro + Chemo/Pembro  10.2% 0.722 0.03214
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50— i
4 1st immunotherapy-based
an | regimen demonstrating a
| statistically significant OS
20— : .y . . . . .
| benefit in patients with high-risk
1075 ; early-stage TNBC—ESMO 2023
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Schmid et al. ESMO Virtual Plenary. Abstract VP7-2021. https://www.annalsofoncology.org/article/S0923-7534(23)04152-2/fulltext



https://www.annalsofoncology.org/article/S0923-7534(21)02063-9/fulltext
https://www.annalsofoncology.org/article/S0923-7534(23)04152-2/fulltext

FDA-Approval

%)n 7/27/21July 27, 2021, the FDA approved pembrolizumab fck
high-risk early-stage TNBC with chemotherapy as neoadjuvant

treatment and then continued as a single agent as adjuvant
treatment after surgery

Based on KEYNOTE-522, the indication for palliative
pembrolizumab was converted from accelerated to full approval

www.fda.gov



FDA-Approval

L

sNiverted from accelerated to full approval

www.fda.gov




Studies to watch for HR+ disease:

1. CheckMate-7FL-LBA20 A randomized, double-blind trial of nivolumab (NIVO) vs placebo (PBO) with neoadjuvant
chemotherapy (NACT) followed by adjuvant endocrine therapy (ET) £ NIVO in patients (pts) with high-risk, ER+ HER2-
primary breast cancer (BC)

1. pCRincreased significantly in the nivolumab arm to 24.5% versus 13.8% in the control (P =.0021)

2. PD-L1+ subset pCR rates increased from 20.2% to 44.3% (odds ratio [OR], 3.11 [95% CI, 1.58 to 6.11])
3. PD-Ll1-negative cancers, pCR rates 14.2% versus 10.7%.

(Loi et al Annals of Onc 2023).

2. KEYNOTE-756 -pembrolizumab plus T-AC or placebo plus T-AC followed by surgery and continued pembrolizumab or
placebo for 6 months and endocrine therapy for up to 10 years.

1. pCRrate improved from 15.6% in the control arm to 24.3% in the pembrolizumab arm (P = .00005).
2. PD-L1+ subpopulation, 29.7% versus 19.6%

3. PD-Ll1-negative cancers, 7.2% versus 2.6%.

4. The EFS results were immature and continue to be evaluated.

3. iSPY2—

1. Three different immunotherapy arms demonstrated improved pCR rates with neoadjuvant immune checkpoint
therapy in MammaPrint high ER+/HER2— cancers.

2. Further molecular analysis revealed that among these cancers, only the MammaPrint High-2 (or MP2) subset had
improvement in pCR rate.

3. Integrating CDK4/6 inhibitors in adjuvant and neoadjuvant settings further enhances efficacy



Study

I-SPY2
(NCT01042379)
Bayesian Adaptive
phase Il

Neo-CheckRay
(NCT03875573)
phase Il

SWOG S2206
(NCT06058377)
phase lll

In combination with CDK4/67?

Recruitment Status

Recruiting

Recruiting

Recruiting

Treatment

Multiple arms;
see: NCT01042379

Durvalumab +
oleclumab + AC +
paclitaxel followed
by preoperative
radiation

Durvalumab plus
neoadjuvant AC +
paclitaxel followed
by adjuvant ET

Study Population
cT2, MP high

cT1-3 cN-1,
ER+/HER2—, Ki67
>15% or grade 3, or
MP high risk

Stage II/111
MP2/high2

End Point
pCR rate

Safety run-in, tumor
response, pCR, and
RCB

Invasive disease-
free survival, pCR

Need to determine who needs CDK4/6i vs. IO as unacceptably high rates of
irAEs when combined

https://ascopubs.org/doi/full/10.1200/JC0.23.02614


https://www.clinicaltrials.gov/ct2/show/NCT01042379
https://www.clinicaltrials.gov/ct2/show/NCT01042379
https://www.clinicaltrials.gov/ct2/show/NCT03875573
https://www.clinicaltrials.gov/ct2/show/NCT06058377

Ill. Ongoing research:

Q#1: Is all the 10 benefit conferred with neoadjuvant administration?

GeparNuevo Keynote-522
Mdn 43.7mo 100~ Mdn 39.1mo

3 100% 4 84.5%
< 3yr 85.6% 90
I 90%-+
@ 80—
© 80%-
S 70—
g 10%; 76.8%
= 3yr 77.2% 60— °
0 60%
Q 50—
@ 0
1; 90% N
0 40%
.g 309, 4 T Censored 30—
0 Placebo 22/86 events
0 20%4 Durvalumab 12/88 events 20—
'g 10% Stratified Logrank p=0.0356 10—
s * | Stratified HR* Durvalumab to Placebo = 0.48 (95%Cl 0.24, 0.97), p=0.0398
= 0% T T T T 7 O 7T T T 7T T 1T T 1T T T T T T T T T 1

0 12 24 36 48 60 0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51

Time (months) Months

Loibl et al. ASCO 2021; Schmid ett al ESMO 2021.



SWOG 1418/NRG BR0O06
Pembrolizumab as adjuvant therapy for TNBC

—
i

TNBC with > 1 cm residual
invasive breast cancer or any +

LN after neoadjuvant
chemotherapy
N=100

Pembrolizumab 200 mg IV q 3 weeks x 1y

Observation

* Registration:
— Central PD-L1 testing

« Stratification:
— Nodal stage ypNo vs ypN+
— Residual tumor =22 vs < 2cm
— PD-L1 pos vs neg
— Prior adjuvant chemo yes vs no

Hypothesis:

Pembrolizumab reduces IDFS by 33% c/w observation

alone

Primary Endpoint:

Invasive DFS in PD-L1-positive and overall cohort

Secondary Endpoints:

Toxicity

0S

DRFS

QOL (PROMIS, PRO-CTCAE forms, inflammatory
markers)

Tissue banking

Pl Lajos Pusztai
NCT02954874



https://clinicaltrials.gov/ct2/show/NCT02954874

ALEXANDRA/IMpassion030
Pembrolizumab added to adjuvant chemotherapy for early stage TNBC

1 year
Eligibility A
: : : Doxorubicin +
* Adequately excised primary Paclitaxel weekly : :
invasive TNBC (stage I/11) for 12 weeks cyclophokspfhamldelevery Atezolizumab
50:50 node negative/positive— 2 weeks for 4 cycles
enriched population Atezolizumab Post-chemo

XRT per SOC
Stratification

* Axillary nodal status

(0O vs 1-3 vs 24 positive

Paclit I Kl Doxorubicin +
Iymph nodes) aclitaxel weekKly

cyclophosphamide every

_ for 12 weeks
« Surgery (breast conserving 2 weeks for 4 cycles

VS mastectomy)

e PD-L1ICO vs IC1/2/3 * Primary endpoint: iDFS in ITT

N = 2,300 » Secondary endpoints: iDFS PD-L1 IC1/2/3, OS, RFI, distant RFI, safety, and
health-related QoL

Co-PIs: Ignatiadis, McArthur, Saji
NCT03498716



A-BRAVE - randomized phase 3 trial of adjuvant avelumab in high-risk TNBC

_‘::.
E
1]
£ 0.50
a
)
O

Avelumab | Control ﬁ' HR P value
(95% CI)

# Events 46 62
0.66 0.035

== Avelumab “3yearosn 845 76.3 B.5%
== Control (95% Cly (70.5888) (70.1-81.3) {01.45-0.57)

0.001

0 1 2 3 4 5 6
Number at risk Time (years)

235 220 20 184 123 55
21 209 187 161 107 43

These data may represent an option for patients treated with neoadjuvant chemotherapy alone (without
pembrolizumab) and who have invasive residual disease at surgery, and may benefit from adjuvant
pembrolizumab

https://meetings.asco.org/abstracts-presentations/232429



EFS by pCR, %

EFS by pCR

100

90—

80 —

e mrmne—- | pCR Yes

Forgo adjuvant pembrolizumab?
Neoadjuvant chemo alone?

Chemo optimization?
Biologic combinations?

Need for upfront predictors!

I I I I I I I I I I I 1 I I I I I
3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51

Months

Schmid et al. ESMO Virtual Plenary. Abstract VP7-2021. Presented July 15, 2021.



https://www.annalsofoncology.org/article/S0923-7534(21)02063-9/fulltext

Q#2: What is the optimal chemo partner for |0?

Paclitaxel Nab-paclitaxel

“Positive” “Negative” “Positive” “Negative”
Keynote 522! IMpassion131? IMpassion130°3 Neotrip*
ISPY2° IMpassion031®  Geparnuevo’

1Schmid et al. NEJM 2020. 2Miles D et al. ESMO 2020. 3Schmid et al. NEJM 2018 and Lancet Oncol 2020.

4Gianni SABCS 2019. °Nanda JAMA Oncol 2020. ®Mittendorf et al. Lancet 2020. “Loibl Ann Oncol 2019.



Q3: Is chemotherapy necessary for success of |10 therapy in breast cancer?

Phase |: dose escalation cohort established
RP2D and acceptable AEs

Roussos Torres et al. (CCR, 2021)

Cohort: Run-In: Entinostat (3mg/wk)

Advanced Entinostat Nivolumab (3mg/kg, g2 wks)

HERZ2- breast » 5mg/wk x » Ipilimumab (1mg/kg, q6 wks

cancer; no 2wks max 4 doses)

prior ICI

& Biopsy * * *

4 Blood P P P
Timepoint; O 1 2

Phase Ib: dose Expansion cohort in advanced
breast cancer demonstrates efficacy

* ORR40% in TNBC (N=4/10)
* ORR 10% in Hormone receptor positive (N=1/10)
e Clinical benefit rate at 24 weeks: 40% overall (N= 7/20)

)

Best Overall Response (%

Characteristics N = 24*
Age

Median 55

Range 38-77
ECOG Performance Status

0 6 (25%)

1 18 (75%)
Tumor type

Hormone receptor-positive 12 (50%)

Triple-negative (TNBC) 12 (50%)
Median prior therapies 6.5 (1-13)
Patients with evaluable disease |20

for objective response

-100+

100

50

o
L

-50 1

Patients

Roussos Torres et al. (Nature Cancer 2/2024)




PES/OS rivals that achieved with chemo/pembro in PD-L1+ TNBC Keynote 355

Progression Free Survival

== HR+ =+ TNBC =+ Overall

1.00 1 —[
0.751 lq

Survival Probability
5

Median Survival in Months
HR+ = 4.9 (95% CI = [2.3, NA])
TNBC = 9.6 (95% CI = [2.8, NA)])
Overall = 5.9 (95% Cl = [2.8, NA])

0.251

0.001

Survival Probability

0 5 10 15

Number at risk

== | 10 5 1 1
== | 10 6 5 2
= | 20 11 6 3

20 25 30 35 40 45 50
Time (in months)

1 1 1 1 1 1 0
1 0 0 0 0 0
2 1 1 1 1 1 0

o

0 5 10 15

20 25 30 35 40 45 50
Time (in months)

Overall Survival

== HR+ =+ TNBC =+ Overall

1.00 1

Median Survival in Months

HR+ =7 (95% CIl = [4.8, NA])
0.754 TNBC = 18.2 (95% CI =[11.2, NA])

Overall = 11.8 (95% CI =[7.3, 46.9])
k

0.501
0.25 1
0.001

0O 5 10 15 20 25 30 35 40 45 50 55 60 65 70
Time (in months)
Number at risk

=| 10 7 4 2 2 2 2 2 2 2 1 1 1 1 0

=| 10 9 8 6 4 2 2 2 2 2 2 0 0 0 0

=| 20 16 12 8 6 4 4 4 4 4 3 1 1 1 0

0O 5 10 15 20 25 30 35 40 45 50 55 60 65 70
Time (in months)

Response is hot correlated with PD-L1 status, TMB or TIL infiltration



PES/OS rivals that achieved with chemo/pembro in PD-L1+ TNBC Keynote

355

1.00 1

0.751

Survival Probability
5

0.251

0.001

Progression Free Survival

|

== HR+ =+ TNBC =+ Overall

Median Survival in Months

HR+ = 4.9 (95% CI = [2.3, NA])
TNBC = 9.6 (95% CI = [2.8, NA])
Overall = 5.9 (95% CI = [2.8, NA])

o 5

Number aig

Time (in months)

1 1 0
0 0 0
1 1 0
25 30 35 40 45 50

Overall Survival

== HR+ =+ TNBC

0O 5 10 15 20 25 30 35 40 45 50 55 60 65 70
Time (in months)

Number at risk

0 7 4 2 2 2 2 2 2 2 1 1 1 1 0

10 9 8 6 4 2 2 2 2 2 2 0 0 0 0

20 16 12 8 6 4 4 4 4 4 3 1 1 1 0

0O 5 10 15 20 25 30 35 40 45 50 55 60 65 70
Time (in months)

Response is hot correlated with PD-L1 status, TMB or TIL infiltration



Translational research approach in Roussos Torres lab _
...from mice to men (with some math) and back

WOMEN
/
k) — . — &
- MICE _ _ MICE |
metastasis ; / \
7— ¢ \L — > —_— “(‘/
MATH ' Dissociate tumors
WOMEN | pa
- a= .- ‘5l . . .
0 = Investigations of immune
.. - suppression in breast cancer



MICE:

How do change in immune cells by treatment effect cellular interactions?

Number of interactions

Exhausted CD8+ Eftagter Tregs
G-MDSCs .4 Effector CD8+ T cells

i > inally ntlated Tregs
Proliferating CDB¥otifeEating Tregs

\J

Interaction weights/strength

Exhausted CD8+ Fftasitor Tregs
. Effector CD84 T cells

g7 yo T cells

Primed Th2 o ol
Proliferating CDB¥offgeating Tregs ./

...ligand/Receptor interactions by CellChat



MATH:

Effect of tumor growth threshold G

A G=08 B G=0 C G=-02

Mathematical modeling can accountfor .,
how MDSC ion affects metastatic : "6
ow suppression arteCts metastatic 3 / ; ;
5 — Tumor cells 5 5
. ° = 107 MDSCs = 10° = 10"
.
| ETLWMS
disease progression
[1] 100 200 300 1] 100 200 300 0 100 200 300
Time (days) Time (days) Time {days)
D Morris global parameter sensitivity analysis
Tumer cell [ 7 ] ®
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V. Overall summary and conclusions

* Clearly there is activity of ICl in some patients, some (albeit few) can experience
durable disease control

* Pembrolizumab + chemotherapy is approved for use in patients with TNBC
* Neoadjuvant/ Adjuvant in combination with chemotherapy no PD-L1 testing needed
* Metastatic patients with CPS score >10 (PD-L1 positive required)

* Considerations under investigation
* What is most efficacious neoadjuvant vs. adjuvant checkpoint?
* Non-traditional chemo approach used in trials (non-ddAC, +carbo, -capecitabine for RD),
what is best chemo partner?

* Future directions: identify those likely to respond + develop rationale
combinations and novel approaches

* Hormone receptor-positive/human epidermal growth factor receptor 2-negative
BC (HR+/HER2- BC), HER2+ BC, and mTNBC in later lines of therapy, evidence is
lacking to support the use of immunotherapy.
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