AN

Tumor evolution in the
metzﬁ,atic setting <

<
L
\

Christine Desme'ﬂ ,.

Breast Cancer Translational Research Lab
InstitutdJules Bordet
Université Libre de Bruxelles.

Brussels, 8th of May 2015




Introduction



What are the origins of metastases?

AND/OR?
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Metastatic cascade Parallel progression

Naxerova & Jain, Nat Rev2015



Phylogenetics
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Whole exome/genome studies

Table 1 | Genome-wide comparisons of solid primary tumours and their metastases

Stl.li:l‘_lpr F'rlmary cancer Number Time between resectlon Genetlc I‘EIﬂtIDI‘ISI‘IIp Evidence
of of primary tumour hetween primary tumour of possible
patlents and metastasis and metastases metastatic

cascade*

Jones et al. (2008)3 Colon 10 Ranged from synchronous  High similarity MNA

to 20 months

Liu et al. (2009)52 Prostate 24 Synchronous High similarity; primary only Yes

avallable in 5 cases

Shah et al. (200957 Breast 1 9 years Divergent MNA

Campbell et al. Pancreas 13 Synchronous High similarity in most Yes, in

(2010)51 patients; primary turnour not some

available in some cases patients

Ding et al. (2010)F° Breast 1 8 months High similarity NA

Yachida et al. (2010)**  Pancreas T Synchronous Similarity between metastases No

and localized area of primary

Mavin et al. (2011)* Breast 1 Not specified High similarity NA

Gerlinger et al. (2012)° Kidney 2 Synchronous Divergent Yes

Wu et al. (2012)88 Medulloblastoma 7 Mot specified Divergent Yes

Haffner et al. (2013)**  Prostate 1 17 years Similarity between metastases Yes

and localized area of primary

*That is, metastasis giving rise to metastasis; NA for studies that did not assess multiple metastases. Abbreviation: MA, not applicable.

N= 1 pt with only one metastatic site

Naxerova & Jain, Nat Rev2015



Autopsy-based BC studies

Study

Viadana
(1973)

Harris
(1984)

Parham
(1989)

Cummings
(2014)

Juric
(2015)

Nr of pts

647
(<1970)

92
(1972-83)

85
(1973-86)

197
(1960-79)

Main findings

Comparison of metastases in young and older pts:

1.
2.

More extensive disease in younger pts
More liver, thyroid and bone mets in younger pts

Comparison of metastatic pattern IDC vs ILC:

1.
2.

More lung mets in IDC
More bone peritoneal, car meningitis mets in ILC

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

1
2
3.
4.
1
2

Pts with CNS mets more likely to present with bone mets

More liver and gynecological mets in young pts

(n=55): ER and PgR downregulation in mets compared to prim.
(n=6): CGH analysis: Prim differs from mets, but mets are similar

Comparison of primary and metastatic lesions.
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) >1ug 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

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 7 (range= 2-8)

samples

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 9IDCand 1 ILC

Treatment 2 treatment naive, 8 with systemic

treatment (3/8 with neo-adjuvant
treatment)




Strategy
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Copy number

alterations (CNAs):

Affymetrix Oncoscan FFPE
Express 2.0 assay




Results



1. Estimation of ploidy and CCF
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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
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Excellent correlation
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3. Phylogenetic reconstruction (2n)
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3. Phylogenetic reconstruction (2n)

ssatialibs b Bnahe ittt nstnetsteninan g

N N (Normal)

—

=

LA

2"d step: SNVs



3. Phylogenetic reconstruction (4n)
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3. Phylogenetic reconstruction (4n)
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3. Progression trajectories-|
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3. Progression trajectories -lI
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4. Multiple primary samples
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Overall survival (vears)
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Massively parallel DNJ\ sequmclngbechml-ugnes provide an unprecedented ability to screen entire genomes for genetic

e the genomi sq}fluur DMA samples from an
mﬁg slsanda
e‘tlun not
xe

present in the primary tumour, and was significantly a'lnched for 20 shared nut,ahuns

nugraﬂ retained all primary

tumour mutations and displayed a mutation enrichment pattern that resembled the metastasis. Two ovedapping large
deletions, encompassing CTMNAT, were present in all three tumour samples, The differential mutation frequencies and
structural variation patterns in metastasis and xenograft compared with the primary tumour indic ate that secondary
tumours may arise from a minority of cells within the primary tumour.

Basal-like breast cancer is charmcterized by the absence of oestrogen

receptor (ER) expr |J)c of ERB. Jg:l)campllﬁc n,anda
high mitotic ind nce of Lary:
therapy options ar dac

therapy often resulig

accounts for an elevated pcrccm.ap: ofhrcaslcm)ccrsm patients wll.h
African ancestry', Clinical progress has beenlimited by a poorunder-
standing of the genetic events responsible for l]us tumour subiype

and by limited preclinical modek tostudy . Becafl b
like breast cancer has a lughlv sty . it
whether the fatal metastatic proces is dieilily [l R

after the tumour cells arrive at the distantsite, orwhether the primary
tumour generates cells with a complete repertoire of somatic muta-
tions required for metastatic growth. The rapid advancement of
mext-genertion sequencing technologies allows comprehensive
characterization of genomic changes, facilitating the comparison of
multiple samples taken from the same patient toaddress the genetic
basis for tumour progression and metastasis.

Case presentation and previous characterizmtion of samples
A dd-year-old African-American woman was disgnosed with an
ERBE2-negative and ER-negative inflanumatory breast cancer. She

was treated with neoadjuvant dose-dense chemo the rmpy®, but signifi-
cant residual tumour was present in the breast and axillary lymph
Lo ind ig therapy resktance and
mnmr y. Eight months later
o spite resection, rapidly
succumbed to widely djsscmu].amddmsc A transplantable human-
in-mouse (HIM) xenograft tumour line was generated from asample
of hegprimary tumour biopsied before treatment”. The xenograft in
i gy fa W cally invasive and produced metastatic
i nd ovaries. Informed consent for full
ined and DMA samiples were prepared
v her peripheral , pritmary tursour, brain metastasis and an
carly passage xenograft (harvested 101 days after initial engrafting
into the mouse host). Application of the PAMS0 intrinsic subtype
algorithm identified the primary tumour, brain metastasis and xeno-
aft line & basal-like subtype, with high rigk of relapse (ROR)
scores’.

and analysis
Using a paired-end sequencing strategy, we generated 130.7, 124.9,
111.8 and 149.2 billion base pairs of sequence data from genomic
DHNA derived from bleod, primary tumour, brain metastasis and
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Recent advances in next gemeration sequencing'™ have made it
possible to predsely characterize all somatic mdLngmumﬂom that
occur during the development and progresson o
cers, Here we used these approachesto sequence tl
fold coverage) and transcriptomes of an oest
positive metastatic lobular breast cancer at dep
somatic non-synonymous coding mutations present in ﬂae meta-
mL: and measured the frequency of these somatic mutations in

from the prim rumour ofﬂnm patient, w}ﬂ.cham

can- ager
I r L
32 r>|.|p Y

coding indek and predicted inwesions (coding of non-coding
"supp]cmcm.arv Methods): however, all of the events that were vali-
_sequencing were aso present in the germn line
3 and 4). None of the 12 predicted geie
- We also computed the segmental copy number
sand Supplementary Table 5a) from aligned
reads, .and revalidated high level amplicons by fluorescence in situ
hybridization (FISH) (Supplementary Table 5b), revedling the pres-

cl)ccofa new lowdevel amp]lcon in the INSR locus ffaupp]cmcnmv
Oyenm earl
SLC24A4, S c ldck 8 Binomial
primary tu ix [ hods and

KIFIC, USP: MO, T468 and RNAS]

present at lmmr frequencies [1 13%3. 19 were not detected hﬂae
primary tumour, and two were undetermined The combined am-
Tysis of genome and transcriptome data revealed two new ENA-
editing events that recode the amine add sequence of SRPY and
OG5, Taken together, our data dhow that single nudeotide muta-
tional heterogeneity can bea property of low or intermediate grade
primary breast cancers and that significant evolution can ocour
with disease progression.

Lobular hrc—aslcal
kenown a3 ESR1 ™ ) sub
breast cancers). It i pa i
and can recur many after Witi

genomic landscape of this chiss of tu maour, we resequenced'™ the
DM A from a metastatic lobular breast cancer specimen | #9% tumour
cellularity; Supplemsentary Fig. 1)at approximately 43. 1-foldal |)cd

haploid reference genome coverage (12 i
paired -end sequence; Supplementary Fig.| 'T le
tary Methods). Deep high-throughput rij

RMA-seqF peiformed on the same sample g:lm.al.ed 160.9- ml]] ion
mads that could be aligned (Supplementary Table 1, see ako
Supplementary Fig. 2 and Sup plementary Methods). The saturation
of the genome (Table 1) and RNA-seq (Supplementary Table 1)
libraries for single nudestide variant (SNV) detection is discused
in Supplementary Information. The aligned (hgl8) reads were used
tor identify (Supplementary Fig. 2) the presence of genomic aberra-
tions, induding SNVs (Supplementary Table 2), insertions/ deletions
(indels), gene fusions, translocations, inversions and copy number
alterations (Supplementary Methods). We examined predicted

Supplementary Appendix 1) mm |.h¢ B.NA. -5 [\'-'TSS PE) and
genome (WGSS-PE) libraries we predicted 1,456 new coding non-

synomymous SNVMix variants (Supplementary Table 2). After the
memoval of pseudogene and HLA sequences (1, 178 positions renssin-
ing) and after primer design, we re-sequenced (Sanger amplicons)
1120 noi-syno nyimous coding SNV positions in the tumour DNA
and normal lymphocyte DNA. Some 437 positions (268 unique to
WGSS-PE, 15 unigue to WTSSPE, and 154 in common ) were con-
firrned & non-synonymow coding variants OF these, 405 were new

%-0f common

WES-PE WSS
Tatel number of reads 2322713774 1825302450
Tota m des (Gh) 120,981 7.108
2.n£-4 26 160,913,484
6244
ons
NA
Ca'u:ncal) Signed reads 2,704067534 109,000,614
Exams covered 935 at >10reads 822002t 10 reads {see alsn
357t *Sreads  Supplementary Tabie 1)
Reads signed canarically (%) 7849 4773
Unaigned reads 420,208,548 21613166
Mean mad length () Frer 3894
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6. Discordances ER, PR & HER2

Overall survival (years)
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Discordances ER, PgR and HER2
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Messages regarding breast
cancer progression

Autopsies 2 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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