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Introduction 



What are the origins of metastases? 

AND/OR? 

Metastatic cascade Parallel progression 

Naxerova & Jain, Nat Rev2015 



Phylogenetics  

Tree of life= 
Evolutionary trajectory 

of the disease 



Naxerova & Jain, Nat Rev2015 

Whole exome/genome studies 

• 

• 

• 

N= 1 pt with only one metastatic site 



Autopsy-based BC studies 
Study Nr of pts Main findings 

Viadana 
(1973) 

647 
(<1970) 

Comparison of metastases in young and older pts: 
1. More extensive disease in younger pts 
2. More liver, thyroid and bone mets in younger pts 

Harris 
(1984) 

92 
(1972-83) 

Comparison of metastatic pattern IDC vs ILC: 
1. More lung mets in IDC 
2. More bone peritoneal, car meningitis mets in ILC 

Parham 
(1989) 

85 
(1973-86) 

Confirmation of cancer-related death in 75% of the cases with BC 
history : tendency to over-estimate BC as cause of death. 

Cummings 
(2014) 

197 
(1960-79) 

1. Pts with CNS mets more likely to present with bone mets 
2. More liver and gynecological mets in young pts 
3. (n=55): ER and PgR downregulation in mets compared to prim. 
4. (n=6): CGH analysis: Prim differs from mets, but mets are similar 

Juric 
(2015) 

1 1. Comparison of primary and metastatic lesions. 
2. Heterogeneity between lesions regarding PTEN alterations, 

which correlated to response to PI3K inhibition 



Aim of the current study= 
Reconstructing evolutionary 
trajectories  



Autopsy patients 
Eligibility criteria: 

(1) Patients died from breast cancer; 

(2) Availability of FFPE tissue blocks from the primary 
breast tumor, a non-cancerous tissue as germline 
reference and at least one metastatic sample;  

(3) Minimum 30% tumor cellularity at central 
pathological review; 

(4) >1µg of dsDNA for from at least the primary breast 
tumor, a non-cancerous tissue as germline reference 
and at least one metastatic sample 

N=10 patients 



Patients and samples 

9 

Time between death and autopsy 
 

Average=2.8 days (range= 1.5 - 4.2) 
 

Nr of distant metastatic samples/pt Average=3 (range= 1-4) 
 

Nr of patients with multiple primary 
samples 

7 (range= 2-8) 

Molecular subtype 5 ER-/HER2-, 2 HER2+, 3 ER+/HER2- 

Age at diagnosis 4 young patients (≤40), 3 between 40-60, 3 
older patients >60 

Histologic subtype 9 IDC and 1 ILC 

Treatment 2 treatment naive, 8 with systemic 
treatment (3/8 with neo-adjuvant 
treatment) 



Strategy 

Substitutions/indels 
(mutations): 
1/ Whole-exome sequencing 
2/ Deep re-sequencing 

Copy number 
alterations (CNAs): 
Affymetrix Oncoscan FFPE 
Express 2.0 assay 



Results 



1. Estimation of ploidy and CCF 

• High ploidy samples: 
potential different 
estimation according to the 
algorithm used; 

• Comparison with FACS 
analysis 

• Only in 4/10: diploid tumors 
• Change in ploidy occurred 

always in primary tumor 
 
 



2. Estimation of cancer cell fractions 
(from SNPs and SNVs) 

• CCF estimated from 
SNP arrays with 
GAP; 

• CCF estimated from 
SNVs with PyClone 

• Excellent correlation 
between both 
estimates 



3. Phylogenetic reconstruction (2n) 

1st step: CNAs 



3. Phylogenetic reconstruction (2n) 

2nd step: SNVs 



3. Phylogenetic reconstruction (4n) 

1st step: CNAs 



3. Phylogenetic reconstruction (4n) 

2nd step: SNVs 



= common metastatic precursor   
METASTATIC CASCADE MODEL 

3. Progression trajectories-I 



PARALLEL PROGRESSION MODEL 

3. Progression trajectories -II 



4. Multiple primary samples 



5. ‘Early’ to ‘late’ ratio 



TNBC 
Metastatic <1 year 

 
96% of common  

mutations 

ER+ ILC 
Metastatic >9 years 

 
34% of common  

mutations 



6. Discordances ER, PR & HER2 



Discordances ER, PgR and HER2 

 

Biomarker 

Proportion of patients (%) 

with concordant staining 

of all metastases 

ER 31/55 (56·4%) 

PgR 37/55 (67·3%) 

HER2 53/55 (96·4%) 

Ki67 39/55 (70·9 %) 

p53 40/55 (72·7%) 

CK AE1/AE3 53/55 (96·4%) 

EGFR 49/55 (89·1%) 

c-kit 54/55 (98·2%) 



Messages regarding breast 
cancer progression 

• Autopsies  reconstruction of breast cancer 
progression; 

• Accurate reconstruction needs combination of 
mutation and copy number data; 

• Different progression trajectories are possible in 
breast cancer (parallel and in cascade); 

• Metastases can differ from their primary tumor, 
especially if the patients developed their 
metastases many years after initial diagnosis. 



Limitations of the study 
• Only two time points (diagnosis and death) 

were investigated; 

• Heterogeneity of primary tumor not formally 
investigated; 

• Heterogeneity of treatment received over the 
course of the disease; 

• All agressive cancers (what about more indolent 
ones?); 

• Only genomic changes were investigated; 

• Relatively small nr of patients. 
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