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•Gene	expression tests
•Target	therapies
•Immunotherapeuthics
•Genetics
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Target	
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Genetics



Gene	expression profiles
OncotypeDx,	Mammaprint,	Prosigna/PAM50

Multigene assays,	assessment	of	21,	70,	and	50	genes
◦ ER
◦ Proliferation
◦ Invasion
◦ HER2
◦ Cell	cycle
◦ Angiogenesis

Score	patients	 into	2	or	3	categories



OncotypeDX
21	genes,	continuous	score	(divided	into	3	categories:	high-,	
intermediate-,	and	low-risk)

Prognostic	for	distant	recurrence

Predictive	for	benefit	 from	chemotherapy

Validated:
◦ Retrospectively	 in	ER+	N-
◦ Retrospectively	 in	ER+	N+	(SWOG	8814)
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proportional hazards, tested in each model, was satisfi ed 
apart from when recurrence score was included in the 
model, suggesting that the eff ect of recurrence score 
was not constant over the entire time period. Thus, the 
time axis was divided into less than 5 years and 5 years 
or more (at the end of tamoxifen therapy and midway in 
follow-up), allowing estimation and testing of diff erent 
hazard ratios (HRs) for each time period. Cox models 
for each period showed no violation of proportional 
hazards. We constructed Kaplan-Meier survival plots 
and used log-rank tests (stratifi ed by number of positive 
nodes) of survival truncated at 10 years (because of low 
numbers at risk after 10 years) to test diff erences between 
survival curves. Cox models included 13 years of 
follow-up to refl ect the entire follow-up period and since 

the models are less aff ected by the low numbers at risk 
after 10 years. To determine the estimated probability of 
a disease-free survival event by 5 or 10 years, the linear 
recurrence score was allowed to have time-varying 
eff ects by means of a fl exible proportional odds 
approach20 that included number of positive nodes (1–3 
vs ≥4) as a covariate. For graphs showing risk of 
disease-free survival event by recurrence score and 
treatment, we presented prediction of CAF benefi t for 
recurrence score of 50 or lower because of high 
uncertainty at greater recurrence score levels. In these 
graphs, we also showed risks separately for the 
prognostic strata of one to three positive nodes and four 
or more positive nodes.21  Statistical analyses were done 
with Stata version 10.1.

Role of the funding sources
The design of the study was approved by The Breast 
Cancer Intergroup of North America, SWOG, and 
Genomic Health, and subsequently approved by 
independent peer review by the National Cancer Institute. 
Tumour assays were undertaken by laboratory personnel 
at Genomic Health who had no knowledge of treatment 
assignment or clinical outcome. These data were then 
merged with clinical data at the SWOG Statistical Center. 
The study biostatistician (WEB) had the only direct access 
to all data in the study. Analytical results were confi rmed 
by Genomic Health statisticians (CY, RB) by visiting the 
SWOG Statistical Center. Four authors (SS, RB, FLB, CY) 
are employees of a sponsor and contributed to the 
interpretation and writing of the report. The report was 
drafted in its entirety by the authors without benefi t of 
paid assistance. Content of the fi nal report was not 
subject to approval from the National Cancer Institute or 
the corporate sponsor. The corresponding author had 
fi nal responsibility for the decision to submit for 
publication.

Results
Tumour samples were available for 664 (45%) of the 
1477 patients in SWOG-8814 (fi gure 1), including 413 
(45%) of the 927 patients in the CAF-T and tamoxifen 
groups. RT-PCR analysis was feasible in 367 (40%) 
specimens from the tamoxifen and CAF-T groups 
(tamoxifen, 148 [89%] of 166 samples; CAF-T, 219 [89%] 
of 247), suggesting no bias by group in sample availability. 
Analyses were not done for the remaining 46 (11%) of 
samples because of exhaustion of invasive tumour in the 
block, no submission of primary tumour, or technical 
issues.

The subset of patients analysed in this study were 
representative of those in the parent trial by age, ethnic 
origin, progesterone-receptor status, and duration of 
follow-up (table 1). However, patients in this subset had 
a slightly lower number of positive nodes and a smaller 
tumour size than did those in the parent trial. 11·7% of 
patients in this analysis were HER2-positive based on 
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Stratified log-rank test p=0·017 at 10 years

Risk category (tamoxifen group)
Low (15 events)
Intermediate (24 events)
High (27 events)

Risk category (tamoxifen group)
Low (10 deaths)
Intermediate (15 deaths)
High (22 deaths)

Stratified log-rank test p=0·003 at 10 years

A   Disease-free survival

B   Overall survival

Figure 2: Prognostic disease-free survival and overall survival analyses by recurrence score group in patients 
assigned to tamoxifen alone
The log-rank tests are stratifi ed by number of positive nodes.
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the 21-gene assay. The recurrence score was distributed 
over the three risk levels and balanced between 
treatment groups.

The benefi t in disease-free survival for CAF-T versus 
tamoxifen alone in the parent trial was similar to that 
seen in this subset of patients after adjustment for 
number of positive nodes. The HR for disease-free 
survival for chemotherapy versus tamoxifen was 
0·69 (95% CI 0·56–0·84; p=0·0003) in the parent trial 
and 0·72 (0·51–1·00; p=0·048) for this subset. The HR 
for overall survival was 0·78 (0·63–0·97; p=0·024) in the 
parent trial and 0·77 (0·52–1·14; p=0·19) in this subset, 
adjusted for number of positive nodes.

The recurrence score was highly prognostic for 
disease-free survival within the tamoxifen-alone group 
(fi gure 2A), stratifi ed by number of positive nodes 
(p=0·017). The 10-year disease-free survival estimates 
were 60%, 49%, and 43% for low, intermediate, and 

high-risk categories, respectively. In a Cox regression 
model, the continuous recurrence score was highly 
signifi cant (p=0·006), with HR 2·64 (95% CI 1·33–5·27) 
for a 50-point diff erence. The HR for recurrence score 
was not constant over time by the test for proportional 
hazards (p=0·0016). In the fi rst 5 years, the HR was 5·55 
(2·32–3·28; p=0·0002). For those patients who survived 
beyond 5 years, the recurrence score was no longer 
prognostic (HR 0·86, 0·27–2·74; p=0·80), but the initial 
strong eff ect persisted over the entire period.

The recurrence score risk category was prognostic for 
overall survival over 10 years (stratifi ed log-rank p=0·003) 
in the tamoxifen-alone group (fi gure 2B). The 10-year 
overall survival estimates for patients with low, 
intermediate, and high recurrence scores were 77%, 68%, 
and 51%, respectively. After adjustment for number of 
positive nodes, the HR for overall survival was 
4·42 (95% CI 1·96–9·97; p=0·0006) for a 50-point 
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Figure 3: Primary disease-free survival endpoint by treatment and recurrence score groups
Disease-free survival by treatment (CAF-T vs tamoxifen alone) overall (A), and outcomes within each recurrence score risk group of low (B), intermediate (C), and high (D). The log-rank tests are 
stratifi ed by number of positive nodes. CAF-T=cyclophosphamide, doxorubicin, and fl uorouracil followed by tamoxifen.
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MammaPrint
70	genes,	2	profiles	(high- and	low-risk)

Prognostic	for	distant	recurrence
◦ Validated	retrospectively	in	ER+/- N-

Predictive	of	response	 to	chemotherapy
◦ Validated	prospectively	in	obs study	(RASTER,	N0)	and	interventional	study	
(MINDACT,	ER+/- N0	and	N+)

◦ MINDACT	(AACR	2016):	reduction	in	14%	of	use	of	chemotherapy
Piccart M,	AACR	2016



Prosigna/PAM50
50	genes,	3	risk	categories

Prognostic	for	distant	recurrence
◦ Validated	 in	ER+	N0	and	N+

No	predictive	value



Target	therapies
1. Hormone receptors
2. Human	epidermal	growth	factor	receptor
3. PI3K/AKT/mTOR	pathway
4. CDK4/6	pathway



1.	Hormone receptors
Estrogen receptor-directed therapy as «first»	target	therapy	in	solid	
cancer	

70%	of	all	breast cancers express	ER
• Direct	action	on	target	(SERMs	and	SERDs)
• Indirect	action	on	target	(AIs)

Acquired resistance:	ESR1	mutations (Jeshelson,	2015)
• Higher dose	of	SERM/SERD
• Association	with	other	drugs



Androgen	receptor

Expressed	mostly	in	ER+	BC
Associated	with	better	OS	and	DFS

Some	TNBC	can	be	subclassified as	“luminal	androgen	receptor”	(LAR)

Ongoing	studies	of	anti-AR	therapy	with:
• Bicalutamide
• Enzalutamide
• Abiraterone acetate

Evidence	of	antitumor	activity	in	heavily	pretreated	patients



2.	Human	epidermal	growth	
factor	receptors
Amplification	or	overexpression	 of	HER2	oncogene	in	20%	of	BC

•Trastuzumab,	anti-HER2	MoAb

•Pertuzumab,	anti-HER2	MoAb

•T-DM1,	antibody-drug conjugate

•Lapatinib,	dual-EGFR	and	–HER2	inhibitor

Acquired resistance to	treatment:

Alterations of	PIK3CA,	loss of	PTEN

BUT	no	evidence from	FinHER,	EMILIA



3.	PI3K/AKT/mTOR pathway
Mediates	multiple	cellular	processes

Activating	PIK3CA	mutations	and	loss	of	PTEN	determine	disregulation
of	the	pathway

Frequently	involved	in	resistance	to	endocrine,	HER2-targetd	and	
cytotoxic	therapies

Patients	with	mutated	PIK3CA	BC	have	lower	pCR	rates	to	single	and	
dual	anti-HER2	treatments	(GeparQuattro,	GeparQuinto,	GeparSixto,	
and	TRYPHAENA	studies)



Everolimus (mTOR inhibitor)
• Efficacy	in	association	with	HT	
• No	documented	 overall	benefit	when	added	to	anti-HER2	
therapy	(BOLERO-1	and	BOLERO-3	studies)

Need	to	identify	biomarkers	to	identify	patients

Best	candidate:	loss	of	PTEN

Buparlisib (pan-PI3K	inhibitor)
• In	addition	to	trastuzumab showed	activity	in	heavily	
pretreated	HER2+	BC	



4.	CDK4/6
CyclineD-dependent	kinase	4	and	6
Control	transition	from	phase	S	to	G1
The	pathway	involves	also	p53,	p21,	p16,	Rb
Disregulated in	many	Rb-positive	cancers



Hamilton,	Cacner Treat	Rev	2016



Hamilton,	Cacner Treat	Rev	2016



Palbociclib
• Approved	by	FDA	after	phase	2	data,	FL	in	combination	with	letrozole

• PFS	20.2	vs 10.2	months	(HR=0.488)	– PALOMA-1	study

• SL	in	combination	with	fulvestrant
• PFS	9.5	vs 4.6	months	(HR=0.46)	– PALOMA-3	study

• Ongoing	adjuvant	and	neoadjuvant	studies	 in	HR+	HER2-

Ribociclib
• Data	available	from	phase	1b	studies	with	acceptable	safety	profile

• Ongoing	phase	3	studies	with	letrozole,	fulvestrant,	LH-Rha and	tamoxifen
(MONALEESA-2,	-3,	and	-7	studies)

Abemaciclib
• Encouraging	data	from	early	studies	 in	pretreated	HR+	mBC

• Ongoing	phase	3	studies	with	fulvestrant and		anastrozole/letrozole (MONARCH	2	
and	MONARCH	3)



Immunotherapy

Alexandrov L,	Nature	2013



Issues:

• General immune	dysfunction	in	BC	patients	 (Campbell	2005)

o Lower	type	 I	and	II	cytokines	 in	blood

• Local	immunosuppressive	 environment	(DeNardo 2007)

o Higher	Tregs,	Th2	CD4	in	TME

• Downregulation of	MHC	molecules	and	co-stimulatory	
molecules	(Pardoll 2012)



But	what	about	TILs?

Significantly	higher	in	ER-negative	subtypes	(Mahmoud	
2012,	Liu	2012)

Higher	TILs	correlate	with	better	prognosis	and	are	
predictive	of	better	response	to	CT	in	TNBC	and	trastuzumab
HER2+	BC	(Loi 2013,	2014)

Higher	TILs	in	TNBC	after	NACT	predict	for	better	overall	
survival	(Dieci 2014)



The evaluation of tumor-infiltrating lymphocytes (TILs)
in breast cancer: recommendations by an International
TILs Working Group 2014
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Background: The morphological evaluation of tumor-infiltrating lymphocytes (TILs) in breast cancer (BC) is gaining mo-
mentum as evidence strengthens for the clinical relevance of this immunological biomarker. Accumulating evidence sug-
gests that the extent of lymphocytic infiltration in tumor tissue can be assessed as a major parameter by evaluation of
hematoxylin and eosin (H&E)-stained tumor sections. TILs have been shown to provide prognostic and potentially predict-
ive value, particularly in triple-negative and human epidermal growth factor receptor 2-overexpressing BC.
Design: A standardized methodology for evaluating TILs is now needed as a prerequisite for integrating this parameter in
standard histopathological practice, in a research setting as well as in clinical trials. This article reviews current data on the
clinical validity and utility of TILs in BC in an effort to foster better knowledge and insight in this rapidly evolving field, and to
develop a standardized methodology for visual assessment on H&E sections, acknowledging the future potential of
molecular/multiplexed approaches.
Conclusions: The methodology provided is sufficiently detailed to offer a uniformly applied, pragmatic starting point and
improve consistency and reproducibility in the measurement of TILs for future studies.
Key words: tumor-infiltrating lymphocytes (TILs), breast cancer (BC), prognosis, prediction, clinical validity

introduction
A fundamental role of the immune system is maintenance of
tissue homeostasis by continuous immunosurveillance and initi-
ation of inflammatory reactions that involve the coordinated acti-
vation of innate and adaptive immune cells [1]. Neoplastic†These authors contributed equally to this manuscript.
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Major	ongoing	studies	on	immunotherapy	in	BC

Drug Target Phase Preliminary Results

Nivolumab PD-1 1 N/A

Pembrolizumab PD-1 2 Acceptable	safety	profile,	promising	
antitumor	activity	including	durable	
responses	 in	PD-L1	metastatic	TNBC	

Atezolizumab PD-L1 3 Well	tolerated,	promising	efficacy	in	
pretreated	metastatic	PD-L1	IHC	2	or	3	
TNBC	patients	

Tremelimumab CTLA4 2 Acceptable	safety	profile,	efficacy	
warrants	further	investigation

Indoximod IDO	
pathway

2 Acceptable	safety	profile,	evidence	of	
antitumor	activity



Genetics
•Germline	mutations	in	BRCA1	and	BRCA2	account	for	5%	of	BC

•70%	of	BC	in	BRCA1m	and	20%	in	BRCA2m	are	TNBC

•Synthetic	lethality	between	BRCA	disruption	and	PARP	inhibition

ME66CH13-Lord ARI 7 October 2014 14:27

b  Synthetic lethality e.g. BRCA and PARP

a  Oncogene addiction e.g. BCR-ABL

Oncogene “A” becomes
activated e.g. by mutation

In new state cell now
addicted to activity of

oncogene “A”

Inhibition of oncogene “A”
causes cell death

Gene/protein functional
Gene/protein 1 Gene/protein 2

= cell survives

= cell survives

= cell survives

= synthetic lethality

c  Induced essentiality
Inhibition of “C”

causes cell death

In new state, mutation of
“B” drives the tumorigenic
phenotype of the cell but

also has potentially
deleterious effects on cell

fitness. Activity of a 
second gene “C” mitigates
the deleterious effects of

activation of “B”. Gene “C”
now essential.

Oncogene or tumor
suppressor gene “B”
becomes mutated

d  Synthetic lethal resistance
BRCA1 or BRCA2 PARP1

= cell survives

= cell survives

= cell survives

= synthetic lethality

= cell survives = drug resistance

Secondary mutation in
BRCA gene drives PARP

inhibitor resistance.
Resistance in this case not
driven by modulation of

the drug target (PARP) but
by modulation of the 

synthetic lethal partner

Gene/protein dysfunctional or inhibited

Figure 1
Genetic concepts in
cancer therapy.
(a) Oncogene
addiction (3) is the
situation where a
tumor cell becomes
totally dependent on
the activity of a
mutated gene.
(b) Synthetic lethality
(6) occurs when a
combination
(synthesis) of gene/
protein defects results
in cell death.
(c) Induced essentiality
(7) extends the concept
of synthetic lethality.
When applied to
cancer, the term
describes the scenario
where an alteration in
an oncogene or tumor
suppressor induces
dependency on a
second gene, which if
targeted can result in
death of the tumor
cell. (d ) Synthetic
lethal resistance (82) is
a form of drug
resistance that is
mediated not by
modulation of the
drug target but by an
alteration in the drug
target.

defects, then in principle, targets could be identified that would likely elicit tumor-cell-specific
death without deleterious effects on normal cells, which do not harbor tumor suppressor gene
loss.

Perhaps the clearest example thus far of the synthetic lethal principle, when applied to cancer
treatment, has come from studies that seek approaches to treat cancers resulting from tumor-
specific loss of either BRCA1 or BRCA2 tumor suppressor gene function. BRCA1 and BRCA2 were
originally identified as familial (i.e., inherited) breast and ovary cancer predisposition genes, and
mutations also occur in sporadic forms of the disease (12, 13). In many cases, the disease-causing
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Drug Setting Phase Results

Olaparib ADV 2 ORR	40%

Veliparib ADV
NEOADJ

1
2

ORR	30%
pCR	rate	56%

Niraparib ADV 1 ORR	50%

Rucuparib ADJ 1 No	benefit

Talazoparib ADV 1 ORR	33%

There	are	several	ongoing	phase	3	studies	in	adjuvant,	
neoadjuvant	 and	advanced	BRCA-associated	BC
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Thank	you	for	
your	attention!


