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Carbo dose → AUC = 5 q3wks X 4 cycles, or AUC = 1.5 q weekly X 12

Chemo backbone = paclitaxel/carbo → AC q3 wks X 4
Pembro continued q3 wks adjuvantly X 9 cycles (post-op)



Elements in the same row (period) share physical properties, while elements in the
same column (group) share similar reactivity with other elements



Genesis of Elemental Platinum by Rapid Neutron Capture

2013 map of cosmic background radiation left over from 
the Big Bang (discovered by accident in 1964 by American 
radio astronomers Arno Penzias and Robert Wilson, 
earning them the 1978 Nobel Prize in Physics)
-- Taken by the ESA's Planck spacecraft, capturing the oldest

light in the universe.

The Big Bang: 13.787±0.020 billion years ago

Neutron star merger GW170817 (130 million light-
years from earth) – generated ~500 earth masses of Pt 

Rare -- 0.005ppm in the earth’s crust

Collapsar accretion
model and nucleo-
synthetic elemental 
platinum yields by rapid 
neutron capture 
following massive star 
supernova explosions 
and collapse to black 
holes.

~20% of platinum genesis

~80% of platinum
genesis

• Only 3 elements in the early universe:
H, He and Li

• Stellar fusion reactions can only create
elements up to Fe atomic mass

Neutron star density ~one billion tons/teaspoon



⟶ Study planned to detect an absolute increase of 10% in 
EFS from a control arm 5-year EFS of 30%, with a 2-sided 
alpha of 0.05 and power of 80%.

N=720

(Median F/U = 67.7m)

Sudeep Gupta, et al. Breast Cancer Working Group, Tata Memorial Centre, Mumbai. 

GeparSixto and BrighTNess showed increased EFS by addition of carbo to neoadj tax/anthra, but CALGB 40603 did not.



Sudeep Gupta, et al. Breast Cancer Working Group, Tata Memorial Centre, Mumbai. 



pCR and EFS in the ITT population

Sudeep Gupta, et al. Breast Cancer Working Group, Tata Memorial Centre, Mumbai. 



Sudeep Gupta, et al. Breast Cancer Working Group, Tata Memorial Centre, Mumbai. 



Sudeep Gupta, et al. Breast Cancer Working Group, Tata Memorial Centre, Mumbai. 



• Addition of carboplatin to taxane-anthracycline neoadjuvant
chemotherapy should be the standard of treatment of patient
who are ≤50 or pre-MP

Sudeep Gupta, et al. Breast Cancer Working Group, Tata Memorial Centre, Mumbai. 



Nobel Prize in Medicine (2018) – Immune checkpoint blockade1

1. Huang P-W and Chang J W-C. Biomed J. 2019;42(5):299–306. 2. Cogdill AP, et al. Br J Cancer. 2017;117(1):1–7.

Immunoregulatory interactions principally 
involving immune checkpoint blockade2



EFS and DRFS: Statistically Significant at IA4

aHazard ratio (CI) analyzed based on a Cox regression model with treatment as a covariate stratified by the randomization stratification factors. bPrespecified P-value boundary of 0.00517 reached at this analysis.
cDefined as the time from randomization to the data cutoff date of March 23, 2021.

87.0%

80.7%

Events HR 
(95% CI)

Pembro + 
Chemo/Pembro 12.8% 0.61a 

(0.46-0.82)
Pbo + Chemo/Pbo 20.3%

Events HR 
(95% CI) P-value

Pembro + Chemo/Pembro 15.7% 0.63a
(0.48-0.82)

0.00031b

Pbo + Chemo/Pbo 23.8%

84.5%

76.8%

Median follow-upc: 39.1 mo

7.7%

EFS DRFS

7.5%

Schmid et al, ESMO virtual plenary 2021.



Immune-Related Adverse Events Associated with Immune Checkpoint Blockade

Postow MA, Sidlow R, Hellmann MD. N Engl J Med. 2018 Jan 11;378(2):158-168.
Schmid P, et al. SABCS 2021.



*PD-L1 IHC 22C3 pharmDx assay (Agilent 
Technologies) Combined Positive Score, = # of PD-
L1–positive cells (tumor cells, lymphocytes, and 
macrophages) ÷ total number of tumor cells, 
multiplied by 100.

*



J Cortes et al. N Engl J Med 2022;387:217-226.

Immune Checkpoint Inhibition in Metastatic TNBC



Venn diagram representing the concordance or 
discordance between the SP142 assay (≥ 1% of 
immune cells) and the 22C3/SP263 assays. (A) 
22C3/SP263 assays at a 1% cut-off value, (B) 
22C3/SP263 assays at a 5% cut-off value, (C) 
22C3/SP263 assays at a 10% cut-off value.

“Concordance” of Programmed Death-Ligand 1 Expression between 
SP142 and 22C3/SP263 Assays in Triple-Negative Breast Cancer

Lee SE, et al. J Breast Cancer. 2020 Jun;23(3):303-313.



Angelo M, et al. Nat Med. 2014 April ; 20(4): 436–442. 

Multiplexed ion beam imaging (MIBI) of human breast tumors

Multiplexed ion beam imaging (MIBI) 
is capable of analyzing up to 100 
targets simultaneously over a five-log 
dynamic range. Here, we used MIBI to 
analyze formalin-fixed, paraffin-
embedded (FFPE) human breast 
tumor tissue sections. The resulting 
data suggest that MIBI will provide 
new insights by integrating tissue 
microarchitecture with highly 
multiplexed protein expression 
patterns, and will be valuable for 
basic research, drug discovery and 
clinical diagnostics.

H&E – TILs in breast CA



1. High degree of spatial connectivity between epithelial and specific TME cell phenotypes (e.g. CD8+PD1+TEX; CD8+GZMB+;
CD20+B) is predictive of higher pCR rate with the addition of atezolizumab, independently by PD-L1 and sTILs

2.   Spatial Epithelial-TME interactions outperform cell phenotype density in predicting differential response to immunotherapy

NeoTRIP trial results  and sample collection 

Giampaolo Bianchini, MD, et al. SABCS 2021.

Multiplexed ion beam imaging (MIBI) of human breast tumors
Angelo M, et al. Nat Med. 2014 April ; 20(4): 436–442. 



Immune response signature
and pCR with ICI in I-SPY2

Yee D, et al. ASCO 2022, abstr 591, poster 362 

Xu L, et al. Single-cell RNAseq,…SABCS 2022, GS5-06.



DNA Double-Strand Break (DSB) Repair

O’Kane GM, et al. Trends in Molecular Medicine
Volume 23, Issue 12, December 2017, Pages 1121-1137.

March 22, 2017 Science News: “According to 
current data, it is estimated that only 30% of 
breast cancer survivors with the BRCA 
mutation have been identified, and that 
number drops significantly to 10% for 
asymptomatic BRCA carriers”.



BRCA1 and BRCA2 interact with numerous 
proteins via their multiple functional 
domains. The N and C termini of BRCA1 have 
structural motifs that allow multiple protein–
protein interaction. Exons 11–13 in the 
middle of BRCA1 are more unstructured, 
which contains two nuclear localization 
signals. BRCA2 secondary structure 
prediction indicate a more helical middle 
region, which contains BRC repeats and 
binding sited for various proteins of the DNA 
damage response pathway.

Mylavarapu S, Das A, Roy M. Front Oncol. 2018 Feb 5;8:16. 

BRCA Structure/Function Relationships



BRCA1 Mutations and Basal-Like Tumors

HER2+/ER-

17/18 BRCA1 mutants were Basal-like

Basal-like Luminal

Sorlie et al. PNAS. 100:8418-8423 (2003), Foulkes et al. JNCI. 95:1482-1485 (2003)





Olympia: Updated Endpoints
Median FU 3.5 years, 2nd IA

Tutt et al. N Engl J Med. 2021;384(25):2394-2405; 
Tutt et al. ESMO Plenary 2022.

• 72% BRCA1, 82% TNBC, 50% post NACT

• No increase in MDS/AML compared to placebo
• Most toxicity grade 1/2; nausea most common
• Grade 3

• Anemia 9%, fatigue 2%, neutropenia 5%

Neoadjuvant Group
• TNBC: non-pCR
• Hormone receptor–positive:

non-pCR and CPS+EG score ≥ 3

Adjuvant Group
• TNBC: ≥ pT2 or ≥ pN1
• Hormone receptor–positive:

≥ 4 positive lymph nodes
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AN Tutt et al. N Engl J Med 2021;384:2394-2405.

Adjuvant Olaparib - Subgroup Analysis of Invasive Disease–free Survival



“Here, we report the first mechanistic description of talazoparib resistance, the first BRCA2 reversion mutations identified 
in prostate cancer, and the first cases of multiclonal BRCA2 reversion mutations as a mechanism of PARPi resistance. The 
multiclonal nature resistance in metastatic disease, in the context of a single evolutionary stimulus, was striking.”

Edwards, et al., NATURE| Vol 451|28 February 2008.



Randomised,	non-comparator,	interna1onal,	AZ	Inves1gator	Ini1ated	Trial	
And	Duke-Singapore/Duke-USA	Collabora1ve	Grant	for	Transla1onal	Studies		

	

DORA	Study:		A	Randomized	Phase	2	
Maintenance	study	of	PARP	Inhibi:on	alone	vs	

PARP	Inhibi:on	+	An:-PD-L1	therapy	

Olaparib	300mg	bid	daily	

1°	Endpoint	=	
PFS	

Olaparib	300mg	bid	daily	

Eligibility:	
	
•  Mets	TNBC	

•  Response	aPer	4	
cycles	of	
pla:num	chemo	
as	1st	or	2nd	line	
therapy	
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Durvalumab	1500mg	q	4	weekly	
CT	q8	weeks	

R	Dent,	T	Tan,	SB	Kim,	T	Traina,	H	McArthur,	YH	Im,	S	Sammons,	K	Blackwell	
Singapore,	Korea,	USA	collabora:on	

KEYLYNK-0092
Phase II study of post-induction pembrolizumab + PARPi

PARPi + checkpoint inhibition as maintenance?

*1. Dent R, et al. Cancer Research. 2018; 78(4); 2. Rugo H, et al. JCO. 2020; 38 (suppl 15); 2. Rugo H, et al. Presented at SABCS 2020. Abstract #OT-30-31

DORA study1
Phase II maintenance study of PARPi + anti-PD-L1 vs PARPi

Sammons et al, SABCS 2022, PD11-12

CR, complete response; PR, partial response; SD, stable disease
Sammons SL, et al. SABCS 2022. Abstract PD11-12

Median PFS (95% CI)
Olaparib 

alone (n=23)

Olaparib + 
durvalumab 

(n=22)
All patients 

X2 P value vs historical control 
4.0 (2.6, 6.1)

0.0023
6.1 (3.7, 10.1)

<0.0001

Subgroups according to prior 
platinum sensitivity 

CR/PR to prior platinum 
SD to prior platinum 

5.4 (3.0, 9.7)
2.2 (1.2, 4.3)

7.6 (3.8, 15.1)
4.4 (2.1, 9.3)

Treatment exposure/response according to tumor
characteristics 

Primary and subgroup PFS analysis

Olaparib alone Olaparib + durvalumab

0 4 8 12 16 20 24 4 8 12 16 20 24

PD-L1 negative 
PD-L1 unknown

PD-L1 positive

BRCA1 mutation
BRCA2 mutation

BRCA unknown
No BRCA2 mutation

Time from randomization (months) Time from randomization (months)

CR/PR
SD

6 months PFS rate:
38% (95% CI: 18, 58)

12 months PFS rate:
33% (95% CI: 15, 53)

6 months PFS rate:
34% (95% CI: 16, 53)

12 months PFS rate:
10% (95% CI: 2, 27)

tBRCA gBRCA PD-L1  tBRCA gBRCA



Ongoing Phase III Trials with IO in TNBC

*

*S1418 allowed patients to complete capecitabine,
then start pembrolizumab (as precedent). 

Cape + Pembro
Clinically feasible



TNBC:
cT1a-b N1-N2

or
cT1c-T3 N0-N2

N=130 

sTIL
Assessment on

Core Needle Biopsy

MRI 2

Surgery

Adjuvant Therapy3

MRI2

Surgery Adjuvant Therapy3

MRI1,2

Surgery Adjuvant Therapy3

US2

US2 ± MRI1

MRI & US

Tumor Tissue

Carboplatin/Docetaxel + Pembrolizumab
Doxorubicin/Cyclophosphamide + Pembrolizumab

Adjuvant Therapy3

High sTILs (≥30%)

Intermediate sTILs (5-29%)

Low/Absent sTILs (<5%)

rC
R

PD

pCR

RD

rC
R

rP
R

rS
D

rPD

Surgery Adjuvant Therapy3US2rPR
SD

Neoadjuvant TIL- and 
Response-Adapted 
Chemoimmunotherapy
for TNBC (NeoTRACT)

rCR
rPR
rSD
rPD

Radiographic complete response
Radiographic partial response
Radiographic Stable disease
Progressive disease

pCR
RD

Pathologic complete response
Residual disease

Blood collection

Ineligible:
Any T4, Any N3

Any M1

1Mid-treatment MRI preferred, but can consider delaying to end-of-treatment if it will impact surgical approach; 2Imaing will include axillary US cN+ at diagnosis; 3Adjuvant radiotherapy per standard-of-care, adjuvant systemic therapy per MD discretion

Primary Objective
Determine pathologic complete response (pCR) rate in high, 
intermediate and low-stromal tumor infiltrating lymphocytes 
(sTILs) categories 
Secondary Objectives
RCB, radiographic response in TIL categories 

Immune biomarkers, ctDNA and other circulating biomarkers   

Surgery should occur 4-8 weeks after the last cycle of systemic therapy

Treatment per MD Discretion / Multidisciplinary Consensus

Treatment per MD Discretion / Multidisciplinary Consensus

Treatment per MD Discretion / Multidisciplinary Consensus

rC
R

rP
R

SD

PD

Highly Recommended

PI: Shane Stecklein and Priyanka Sharma
University of Kansas Medical Center  

Eligibility: TNBC 
T2-4/N0, T1-T3/N1-2*
N=2400

Stratification factors:
-Nodal status

S
u
r
g
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r
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pCR g

RD f

Primary Endpoints 
Ø EFS

Ø Secondary Endpoint
Ø EFS in TIL enriched 

subgroup 
Ø PCR and RCB 0/1 rate 
Ø DMFS, OS
Ø RFS in pCR and RD 

groups 
Ø PROs, QOL 
Ø Concordance between 

central vs automatedbTILs

• Radiographic assessment: 
• Blood, tumor tissue

• Radiographic assessment: 
• Blood , tumor tissue, Central TILs 

Randomized non-inferiority trial
Hypothesis: In patients with early stage TNBC, carboplatin-taxane chemoimmunotherapy is non-inferior to 
taxane-platinum-anthracycline-based chemoimmunotherapy

Carboplatina plus 
paclitaxelb

12 weeks 

Doxorubicin  plus 
cyclophosphamide 

(AC) d

Pembrolizumab 

Pembrolizumab 

S
u
r
g
e
r
y

Neoadjuvant therapy Adjuvant therapy

Arm A

Arm B

Pembrolizumab e

Capecitabine per 
MD discretion

pCR g Pembrolizumab e

RD f Adjuvant AC per MD discretion
Adjuvant Capecitabine per MD 

discretion 

S2212: Shorter Anthracycline-free Chemoimmunotherapy Adapted to pathological 
Response in Early TNBC (SCARLET) 

Pembrolizumab e

Pembrolizumab e

Carboplatinc plus Docetaxelc
Or 

Carboplatinc Plus Paclitaxel b
18 weeks 

*T4/N+ , any N3 and inflammatory breast cancer excluded 
aCarboplatin QW or Q 3W
b Paclitaxel QW.
c Carboplatin Q3W, Docetaxel Q 3W
d AC every 3 weeks
e Total duration of neo plus adjuvant pembrolizumab = 51 weeks (17 q 3 week doses) 
f Co-enrollment in adjuvant NCTN escalation trials will be allowed after discussion with CTEP/study teams  
g No Further Adjuvant chemotherapy. Co-enrollment in adjuvant NCTN de-escalation trials will be allowed after discussion with CTEP/study teams

PI: Priyanka Sharma, Zahi Mitri



GBG: SASCIA Post-Neoadjuvant Trial
NCT04595565

Challenge combining ER+ and TNBC pts
PI: Sara Tolaney

Alliance Foundation Trial 

Phase III Trial: Optimice-RD/ASCENT-05
Residual disease in TNBC

A: Sacituzumab Govitecan x 8 cycles + 
Pembrolizumab x 8 cycles

B: Pembrolizumab x 8 cycles  
(add-on capecitabine per physician’s choice)

R 
1:1

Residual invasive TNBC 
disease in breast or positive 
node(s) after anthracycline, 
taxane, and checkpoint 
inhibitor-based neoadjuvant 
therapy

N = 1514

iDFS Follow Up



Roadmap for Early TNBC

≤T1c, N0

T>2cm, any N+

Ongoing Trials: Tailoring neoadjuvant therapy to response; optimizing post-neoadjuvant therapy – ADCs, checkpoint inhibitor?

Neoadjuvant 
therapy

Taxane/platinum vs 
T/AC

gBRCA mutation: neoadjuvant PARP inhibitors?

TCa/AC + pembrolizumab

Surgery
Olaparib x one year

Capecitabine

pCR

No pCR

No further therapy?

Complete one year 
pembrolizumab?

gBRCA mut

Wild type

pembrolizumab

T1a/b, N0 Surgery +/- chemotherapy taxane/carboplatin vs docetaxel/cyclophosphamide

AC: anthracycline/cyclophosphamide; Ca: carboplatin

This presentation is the intellectual property of the author/presenter. Contact hope.rugo@ucsf.edu for permission to reprint and/or distribute.



Lehmann BD,…Pietenpol JA, et al. PLoS One. 2016; 11(6):e0157368.

ep·i·logue /ˈepəˌlôɡ,ˈepəˌläɡ/
noun: epilogue; plural noun: epilogues; noun: epilog; plural noun: epilogs
-- a section or speech at the end of a book or play that serves as a comment on or a conclusion to what has happened.

• Platinum, formed in kilonova and collapsar events,
increases pCR, EFS, and OS in pre-MP women with TNBC.

• TNBC is not just one disease. Clinical trial designs
that include all TNBC subtypes (unless exploratory) are 
naïve.

• Immune checkpoint inhibition is now standard of
care in high-risk early-, and (PD-L1+) late-stage TNBC; 
robust biomarker(s) for patient selection remains a high 
unmet need. New data challenges dogma that PD-L1 
expression is a useful biomarker.

• Consider adjuvant Olaparib in gBRCAmut early
TNBC, based upon the strength of significant OS
benefit in the ITT population in OlympiA. Integration
of PARPi with I/O is ongoing, as is the integration of
ADC (Sacituzumab govitecan) with I/O in the post-
neoadjuvant setting. 


