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TCGA, Nature 2012 



 
Intrinsic subtype change during progression 

 
Should Rx based on subtyping of the metastatic site? 

 



Duration of chemotherapy in metastatic pts according to 
subtype and line of therapy at Dana Farber Cancer Institute 

(N=199, between 2004 and 2007) 
Seah D et al, J Natl Comprehensive Cancer Network 2014 



Analysis 1.2. Comparison 1 Endocrine therapy versus chemotherapy, Outcome 2 Mortality at 12 months.

Review: Chemotherapy alone versusendocrine therapy alone for metastatic breast cancer

Comparison: 1 Endocrine therapy versuschemotherapy

Outcome: 2 Mortality at 12 months

Study or subgroup endocrine therapy chemotherapy OddsRatio Weight Odds Ratio

n/N n/N M-H,Fixed,95%CI M-H,Fixed,95%CI

Dixon 1992 12/30 14/30 12.0 % 0.76 [ 0.27, 2.12 ]

Tashiro 1990 7/30 9/26 10.6 % 0.57 [ 0.18, 1.85 ]

ANZBCTG 1986 32/113 25/113 25.6 % 1.39 [ 0.76, 2.54 ]

Taylor 1986 23/95 33/86 37.5 % 0.51 [ 0.27, 0.97 ]

Clavel 1982 7/34 4/30 4.8 % 1.69 [ 0.44, 6.44 ]

Priestman 1978 31/47 19/45 9.4 % 2.65 [ 1.14, 6.17 ]

Total (95% CI) 349 330 100.0 % 1.03 [ 0.74, 1.43 ]

Total events: 112 (endocrine therapy), 104 (chemotherapy)

Heterogeneity: Chi2 = 12.12, df = 5 (P= 0.03); I2 =59%

Test for overall effect: Z = 0.19 (P= 0.85)

Test for subgroup differences: Not applicable
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16Chemotherapy alone versus endocrine therapy alone for metastatic breast cancer (Review)
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Meta-analysis of chemotherapy vs endocrine therapy for metastatic ER+ BC for mortality 
(Wilcken et al, Cochrane database) 

Can chemotherapy be safely delayed to later lines of Rx? 
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over chemotherapy, except in the setting of rapidly pro-

gressive disease.19,52 This recommendation is based on 

a number of factors: first, endocrine therapy is gen-

erally better tolerated and easier to administer than 

chemo therapy, with no evidence of detriment to PFS or 

overall survival; second, ER+ breast cancer is relatively 

chemotherapy resistant.19,52 However, chemotherapy is 

associated with a more-rapid response, and is therefore 

preferable when rapid disease control is required.19,52 

Chemotherapy will also be more appropriate when it is 

anticipated that endocrine therapy is likely to fail owing 

to resistance.

Unfortunately, there are no validated biomarkers that 

can predict endocrine therapy resistance, and we must 

rely on clinical evidence of primary or acquired resist-

ance. Regardless, in terms of disease management, the 

cost implications if a patient does not respond to further 

endocrine therapy should be low; if serious cancer-

related complications are imminent, chemotherapy may 

be more appropriate.19,52 All clinicopathological features, 

including expression of biomarkers (ER, PgR and HER2), 

number and location of metastatic sites, disease-free 

interval, performance status, age, menopausal status, 

and comorbidities as well as patient preferences need 

to be considered together, on an individual basis, when 

deciding between chemotherapy and endocrine treat-

ment. However, assuming the patient is fit for chemo-

therapy, for practical purposes some simple stratification 

criteria can be used to guide such decisions, as indicated 

in Table 1.

De novo advanced disease: endocrine therapy

De novo hormone receptor-positive advanced-stage 

breast cancer in postmenopausal patients can be treated 

with any number of endocrine agents, most typically an 

aromatase inhibitor, based on meta-analysis demonstrat-

ing improved overall survival with the use of this drug 

class in the first-line setting.53 This benefit seemed to 

be maintained when an aromatase inhibitor was used 

in the second or third line; thus, the choice between 

an aromatase inhibitor or tamoxifen will be influenced 

by differences in toxicity. However, fulvestrant has 

evidence of superiority over aromatase inhibitors in 

this setting. The phase II FIRST trial, which included 

205 patients, of which 75% had no prior exposure to 

endocrine therapy, compared fulvestrant to anastrozole 

as first-line treatment for postmenopausal patients 

with ER+ advanced-stage breast cancer, and showed 

a significantly increased median TTP for fulvestrant 

of 23.4 months versus 13.1 months for anastrozole 

(hazard ratio [HR] 0.66; 95% CI 0.47–0.92; P = 0.01).54,55 

Fur thermore, the improved TTP translated into 

an overall survival benefit for fulvestrant, with median 

overall survival of 54.1 months versus 48.4 months for 

the anastrozole group (HR 0.70, 95% CI 0.50–0.98), and 

subgroup analysis favoured the endocrine-naive popula-

tion.56 A confirmatory phase III trial of the same design 

is ongoing.57 It should be noted that truly endocrine-

naive patients presenting with advanced-stage disease are 

increasingly rare in areas where screening programmes 

allow the detection of more cancers at an early stage, 

and hence exposure to adjuvant endocrine treatment is 

more common.

The different mechanisms of action of the available 

endocrine agents—aromatase inhibitors, tamoxifen and 

fulvestrant—have naturally driven the hypothesis that 

using multiple agents at once might offer a therapeu-

tic advantage. Combined endocrine therapy has been 

investigated in the endocrine therapy-naive group. In a 

SWOG trial, Mehta et al.58 investigated the effect of com-

bining fulvestrant and anastrozole in the first-line treat-

ment of ER+ advanced-stage breast cancer and found 

a significant improvement in PFS and overall survival 

with the combination therapy compared with anastro-

zole alone; of note, in post-hoc analysis this benefit was 

mostly seen in the tamoxifen-naive patients, which com-

prised 60% of the trial population. As mentioned above, 

many clinicians would regard this as unrepresentative 

of the treatment population, but the results are provoca-

tive. However, a similarly designed trial, FACT, which 

included 514 patients and compared anastrazole plus 

fulvestrant to anastrazole alone in the first line, failed 

to demonstrate superiority of the combination, even 

in the endocrine-naive subgroup, although this con-

stituted a smaller proportion (32%).59 On the basis of 

these data, we believe that the evidence remains insuffi-

cient at present to recommend dual endocrine therapy 

in any population.60

Relapse after adjuvant endocrine therapy

Relapse during or after adjuvant endocrine therapy, 

and progression of advanced disease on first-line endo-

crine therapy, are common scenarios that necessitate 

a change of endocrine agent class, assuming that there 

is no indication for adopting chemotherapy. Following 

disease progression after treatment with an aromatase 

inhibitor, tamoxifen, exemestane, or fulvestrant all have 

modest activity61–63 although none has been shown to be 

superior to the other, likely related to the more advanced 

stage of the patients recruited to the trials, and the lower 

likelihood of durable response. Notably, the EFECT trial 

(that compared exemestane to fulvestrant in this setting) 

was performed in patients  who were heavily pre-treated 

and in whom a meaningful response to any endocrine 

therapy was unlikely, limiting the potential to demon-

strate a difference.62 Comparisons of individual agents 

Table 1 | Criteria to support first-line choices in ER+, HER2– advanced disease13,44

Criteria In favour of chemotherapy Uncertain* In favour of 
endocrine therapy

DFI‡ <1 year 1–2 years >2 years

Visceral 

metastases

High burden, impending organ 

dysfunction (visceral crisis)

Moderate 

burden

Minimal burden 

or absent

Symptoms Prominent Moderate Minimal or 

asymptomatic

* The ‘uncertain’ column represents a grey area where either treatment might be justifiable, and tailoring to 
patient expectations would be of particular benefit. ‡DFI accounts for disease tempo (rapidity of 

progression), as well as type of resistance; visceral metastases and symptoms relate to disease tempo 
and the rapidity of the response required. Abbreviations: DFI, disease-free interval; ER+, oestrogen 
receptor positive; HER2–, HER2 negative.

REVIEWS

© 2015 Macmillan Publishers Limited. All rights reserved

Hart CD et al, Nat Rev Clin Oncol, 2015 



Sequencing  of endocrine therapy for 2016 
(Courtesy of Dr. Maura Dickler, MSKCC) 

First-line therapy 
Non-steroidal AIs 

Second-line Therapy 

Exemestane HD Fulvestrant 
(500 mg) 

Third-line Therapy 

Toremifene, estradiol,  
megestrrol acetate,  

fluoxymesterone 

Tamoxifen 

Fourth-line Therapy 

Combination Therapy 

Anastrozole + Fulvestrant in ET-naive 

Letrozole + Palbociclib 

Fulvestrant + Palbociclib 

Exemestane + Everolimus 

Tamoxifen + Everolimus 

Single Agent Therapy 



Breast Cancer Res Treat 143:507-515, 2014 



Of 54 pts with discordance, treatment was modified in 24 (46%)  



Metastasis 

Primary Basal HER2E LumA LumB 
Genes diff 
expressed 

Basal 12 (100%) 0 0 0 0 

HER2E 2 (15.4%) 10 (76.9%) 1 (7.7%) 0 7 

LumA 0 7 (14.9%) 21 (44.7%) 19 (40.4%) 24 

LumB 0 4 (13.3%) 5 (16.7%) 21 (70%) 8 

Prat et al, SABCS 2015 



• The ESMO ABC2 consensus guidelines recommend 
using targeted therapy if there has ever been 
receptor positivity  

• No evidence yet for better OS when Rx changed by 
metastatic biopsy 

• But if we use intrinsic subtype for adjuvant chemo decision, why 
not in metastatic setting to decide chemo? 

• Biopsy of originally TNBC is justified 

Clinical implication of subtype switching?  



Can we use genome sequencing of metastatic ER+ BC  
to guide endocrine (+ targeted) therapy? 



Sequencing  of endocrine therapy for 2016 
(Courtesy of Dr. Maura Dickler, MSKCC) 

First-line therapy 
Non-steroidal AIs 

Second-line Therapy 

Exemestane HD Fulvestrant 
(500 mg) 

Third-line Therapy 

Toremifene, estradiol,  
megestrrol acetate,  

fluoxymesterone 

Tamoxifen 

Fourth-line Therapy 

Combination Therapy 

Anastrozole + Fulvestrant in ET-naive 

Letrozole + Palbociclib 

Fulvestrant + Palbociclib 

Exemestane + Everolimus 

Tamoxifen + Everolimus 

Single Agent Therapy 



RB is intact in most of ER+ tumors 
(TCGA, Nature 2012) 



Palbociclib (CDK4/6 inhibitor) inhibits growth of ER+ breast cancer 
(Fin RS et al, Breast Cancer Res, 2009 and SABCS abstract, 2012) 

5/ 29/ 13 11:15 AMSABCS -  Streaming Webcast
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• Phase 2 neoadjuvant trial - Cynthia Ma et al, SABCS 
2015) 

courtesy of Cynthia Ma, WashU 

 Intrinsic subtypes as a predictor of  response to Palbociclib? 
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Ki67 Response by  

PIK3CA Status 

PIK3CA WT (n=28) PIK3CA Mut. (n=15) 

G
e

o
m

e
tr

ic
 M

e
a

n
s

 K
i6

7
 

G
e

o
m

e
tr

ic
 M

e
a

n
s

 K
i6

7
 

WT 



Ki67 Response by 

Intrinsic Subtype 

Luminal B (n=11) Luminal A (n=18) 
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platform and Research Use 
Only PAM50 algorithm  



Ki67 Response in Non-luminal BC 
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ESR1 mutation as a mechanism of acquired resistance 
of ER positive tumors to estrogen deprivation therapy 

• Li et al, Cell Reports 2013 
• Toy et al, Nature Genetics 2013 
• Robinson et al, Nature Genetics 2013 



Mutations in the ligand binding domain of ESR1 are an under-
recognized cause of endocrine therapy resistance 

Li et al.  Cell Reports (2013), http://dx.doi.org/10.1016/j.celrep.2013.08.022 



Toy et al and Robinson et al, Nature Genetics 2013 

ESR1 mutation is rare in primary breast cancer 
but frequently found in metastatic breast cancer  



Emergence of Constitutively Active Estrogen Receptor-alpha Mutations in Pretreated 
Advanced Estrogen Receptor Positive Breast Cancer  
Jeselsohn et al, Clin Cancer Res 20(7):1757-67, 2014 



Segal and Dowsett, CCR 2014 



• Primary index tumor 

• Biopsy of metastatic site 

• Liquid biopsy 

If ESR1 sequencing,  
what to sequence and with which method? 



ESR1 allele frequency is usually below the detection limit of usual NGS 
Austin et al, SABCS poster 



In brain mets, ESR1 mutant clones are dominant 
Wang P et al, CCR 2015 

3/43  
(7%) 

1/11 
(9.1%) 

3/24 
(12.5%) 

7/29 
(24.1%) 



Analysis of ESR1 mutation in circulating tumor DNA demonstrates 
evolution during therapy for metastatic breast cancer  

Schiavon et al, Science Trans Med 2015 



ESR1 mutation emerged when metastatic disease is treated with AI 

Schiavon et al, Science Trans Med 2015 



Therapeutic implication of ESR1 mutation 



Toy et al and Robinson et al, Nature Genetics 2013 

ESR1 mutants are resistant to estrogen deprivation  
but may be sensitive to  high dose fulvestrant 



BOLERO-2 ctDNA analysis 
Chandarlapaty et al, SABCS S2-07 

• 541 of 724 pts analyzed 

• Found ESR1 hotspot mutations in 156 (28.8%) 

• ESR1 mutation associated with shorter OS (20.7 m vs 32.1 m) 

frequency exemestane everolimus plus 
exemestane 

D538G 83 (15.3%) 2.7m 5.8m 

Y537S 42 (7.8%) 4.1m 4.2m 

D538G + Y537S 30 (5.5%) 2.78m 5.42m 

All pts 541 3.2m 7.8m 

DFS according to mutation and treatment regimen 



Serial monitoring of ESR1 mutation in cfDNA 



Austin et al, SABCS poster 
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Rising ESR1 mutant allele frequency is associated with rise in CA27.29 
Wang P et al, CCR 2015 



Oesterreich and Davidson, Nature Genetics 2013 

22% (20/91) 

AI treatment 



PIK3CA mutation as a predictive marker for PIK3CA inhibitors 



PIK3CA inhibitor (Bulparlisib) 

AI failure  
(N=1147) 

Fulvestrant 500mg + placebo 

Fulvestrant 500mg + bulparlisib  

BELLE-2 
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From Baselga et al, SABCS 2015, S6-01 

ctDNA PIK3CA mutant 

(n = 200) 
7.0 (5.0-10.0) 3.2 (2.0-5.1) 0.56 (0.39-0.80) < .001 

ctDNA PIK3CA non mutant 

(n = 387) 6.8 (4.7-8.5) 6.8 (4.7-8.6) 1.05 (0.82-1.34) .642 

Median PFS, Mos 

(95% CI) 

Buparlisib + 

Fulvestrant 

Placebo + 

Fulvestrant 

HR  

(95% CI) 
P Value 

Overall population (n=1147) 6.9 (6.8-7.8) 5.0 (4.0-5.2) 0.78 (0.67-0.89) < .001 

PI3K-activated pts (n=372) 6.8 (4.9-7.1) 4.0 (3.1-5.2) 0.76 (0.60-0.97) .014† 



Is there a role for immune check point therapy  
for ER+ metastatic BC? 



Overall mutation burden (TCGA) 

But a subset of ER+ mets have higher mutation burden similar to TNBC 



• Most of the KOL surveyed do not order sequencing for ER+ metastatic 
breast cancer in clinical practice 

o The ESMO ABC2 consensus guidelines recommend using targeted therapy if 
there has ever been receptor positivity  

o Sequencing based targeted approaches low yield 
• SAFIR01 – 43/423 pts received targeted Tx – 4 objective response 

 

 

• Focused assays for ctDNA - potential utility as a predictive markers for  

o CDK4/6 inhibitors (Palbociclib) 
o SERDs 
o PIK3CA inhibitors 

 

• Exome/RNAseq - potential utility as a predictive marker for  

o Immune Checkpoint therapy 

Genome sequencing for ER+ metastatic BC 


