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Evolution of genetic techniques
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Genetic aberrations in clinical diagnostics
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IGHV gene mutational status in CLL

Percent Surviving

100

901

801

701

60 1

501

401

301

201

101

Prognostic marker

p = 0.0001

.......... Unmutated
—— Mutated

Damle et al, Blood 1999

Progression free survival (%)

s\"A "Vm)

gc Karolinska
Institutet

RO,
WA ,4,

""’No 1‘5‘“

Predictive marker

Median progression-free survival

—— FCR IGHV™ "t Not reached

—— FCIGHV™**¢ 42 months
Ty —— FCRIGHV*™™ == 42 months
— —— FCIGHV*"™%%d 29 months

80

60+

i
Lyl

40

204

Y U U I 1 T T U 1

0 12 24 36 48 60 72 84 96
Time (months)

Fischer et al, Blood 2016




Table 1. Baseline Evaluation of Patients with CLL

Diagnostic test General practice Clinical

trial
Tests to establish the diagnosis
Complete blood count and differential count Always Always
Immunophenotyping of peripheral blood lvmphocytes Always Always
Assessment prior to treatment
History and physical, performance status Always Always
Complete blood count and differential count Always Always
Marrow aspirate and biopsy ‘When clinically Desirable

indicated (unclear
eytopenia)

Serum chemistry, serum immunoglobulin, and direct Always Always
antiglobulin test
Chest radiograph Always Always
Infectious disease status Always Always
Molecular eytogeneties (FISH) for del(13q), del(11q). Always Always
del(17p), add(12) in peripheral blood lymphocytes
Conventional karyotyping in penpheral blood NGI* Desirable
lymphocytes (with specific stimulation)
TP33 mutation Always Always
IGHV mutational status Always Always
Serum B;-miecroglobulin Desirable Always
CT scan of chest, abdomen, and pelvis NGI Desirable
MRI, PET scans NGI NGI
Abdominal ultrasound** Possible NGI
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Antigens are involved in CLL development
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Gene mutations can be
found in hematopoietic
progenitor cells

Enrichment of specific
genetic aberrations in
patients carrying
stereotyped B cell
receptors

Rosén et al, Semin Cancer Biol 2010



Gene mutations in progenitor cells
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Whole-genome sequencing in MBL and ultra-stable CLL :si- fanlinic
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Lk

 WGS (30x) on CLL/MBL cells, PMN cells and buccal cells
* Ultradeep sequencing (11 genes) in 28 MBL/CLL cases

Agathangelidis et al, Haematologica 2018
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Indistinguishable genomic landscapes in MBL and ultra- ﬁ%gc Karglinska
stable CLL with low frequency of driver mutations
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B-cell receptors in CLL
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Few mutations in the B-cell receptor pathway
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Peaks in the CLL landscape
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Recurrent mutations refine prognosis in CLL

n=3490 pts

25% -
20% -
15% -

10% -

g

ML

L

Binet A Binet B/C General
practice

CIRIC

european research initiative on CLL

Clinical trial  Untreated

Treated

LMNOTCH1
L4SF3B1
LITP53
L4BIRC3

% untreated

e"“ wy

-2 Karolinska
a@ Qf s Institutet

g 19°

100% p

—— all negative, n=211
— TP53abn, n=56
— SF3B1,n=43

—— NOTCH1,n=55
— del(11q), n=76
— trisomy 12, n=83
— de{13q),n=294

75%

50%

25%

p<0.0001

0%

Time (years)

Baliakas et al, Leukemia 2015



>1000 pts - reaching completion?
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Relevance of ’tail genes’?
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RAS-BRAF-MAPK-ERK pathway mutations define a ﬁ%gs Karalinska
clinically aggressive subgroup e

e 25 0f 452 patients (5.5%)

* BRAF mutations in 9 patients

* Upstream: KITLG, KIT, PTPN11,
GNB1, KRAS and NRAS mutations in
12 patients

* Downstream: MAPK2K1, MAPK2K2

* 4 V4
b and MAPK1 mutations in 5 patients
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Giménez et al, Haematologica 2018
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RAS-BRAF-MAPK-ERK pathway mutations associated 5@@%@ Karglinska

with short time to first treatment
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Reduced IkBeg leads to increased p65
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NFKBIE deletion in lymphomas
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Driver versus passenger in CLL? 1 e

Clonal Il Subclonal
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Presence of subclonal driver impacts outcome.

Landau et al, Cell 2013
Landau et al, Nature 2015
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Subclonal evolution in CLL treated within the CLLS8 trial ﬁ%&? Karglinska
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Small clones matter: the case of TP53
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Not only TP53...
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RPS15 mutations in a ‘hotspot’ region
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Missense mutations, majority stable at clonal level

7/8 clustered to a 7 amino acid long, evolutionarily
conserved region
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RPS15 — a component of the 40s subunit

40S

 Protein translation

e Potential role in regulating the
MDM2-p53 axis

Adapted from Rabl et al, Science 2011



Altered ribosome activity/fidelity linked to

RPS15 mutations
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The new era...

BTK inhibitors

PI13Kd inhibitors

BCL2 inhibitors
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Kipps et al, Nature Reviews Disease Primers 2017
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Resistance mutations on ibrutinib in relapsed CLL : %g ¥ Institutet
""’No w
Ref. Pts with Analytical BTK VAF, PLCy2 VAF,
mut/total Method mutations % mutations %
Woyach, 6/6 WES C481s 17-60 R665W; L845F 38
2014 S707Y 29
8
Ahn, 2017 9/10 High sensitivity C481S 1.6-78.2 6nt del; R665W 0.1-18.3
NGS; ddPCR C481R 15.8 P664S; S707Y,;
L845F
Woyach, 40/46 Targeted Deep C481S 0.2-94.8 R665W; S707P; 3.6-44
2017 (retrospective); Sequencing C481R 18.1 S707F; S707Y;
8/8 C481F 1.1-100 L845F; D993Y;
(prospective) C481A 45.3 L845/846del
Burger, 2/4 WES; ddPCR C481S NR M1141R; S707F;| 12.0-35.0
2016 M1141K; D993H (CCF)
Landau, 517 Targeted Deep C481S 2.2-78.2 R665W; S707Y; 0.2-4.7
2017 Sequencing L845F
Kadri, 1/3 Targeted Deep C481S 8.5-90.0 NR NR
2017 Sequencing C481R 2.5

Sutton, Bonfiglio, Scarfo et al



Multicenter study on ibrutinib resistance @A T4/&
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european research initiative on CLL

Deep sequencing of BTK and
PLCG2

Relapsing (n=22) and
responding pts (n=34)

10/22 relapsed cases showed
BTK (10 pts) or PLCG2 (4 pts)
mutations.

Progression and sampling
I BTK mutated +/-PLCG2 mutated
B BTK and PLCG2 wildtype

Sutton, Bonfiglio, Scarfo et al



BTK mutations s :5 Insitutet”
Pt # Gene  Exon AA change WT/MT codon VAF, %
35RE BTK 15 C481R c.T1441C 36.57
19RE BTK 15 C481S c.T1441A 51.80

BTK 15 C481S c.G1442C 13.20
21RE BTK 15 C481S c.G1442C 29.30
13RE BTK 15 C481S c.G1442C 34.48
1RE BTK 15 C481S c.G1442C 4.37
4RE BTK 15 C481S c.G1442C 19.29
7RE BTK 15 C481S c.G1442C 35.22
16RE BTK 15 C481S c.G1442C 33.22
39RE BTK 15 C481S c.G1442C 8.04
33RE BTK 15 C481S c.G1442C 2.67

BTK 15 C481S c.T1441A 1.98

Sutton, Bonfiglio, Scarfo et al



The evolutionary landscape of CLL treated with ibrutinib :sg:-
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WGS reveals distinct differences in the mutational
landscape between IGHV-M and IGHV-UM! CLL
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Burns et al, Leukemia 2017



in IGHV-M and IGHV-U CLL?

TP53abs
n=24

“n=4 . n=6

del(11q)
n=74

4

y
y.

SF3B1
n=23

Are the same factors linked to poor prognosis ﬁ%g: Karolinska

g 18%

n=3 TP53abs
n=41

M-CLL

#2
n=13

Baliakas et al, Haematologica 2018
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Tailored approaches based on immunogenetic vy otk
features for refined prognostication in CLL
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N=3015 Baliakas et al, Haematologica 2018
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Stereotyped B-cell receptors in CLL
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Highly similar B-cell More homogenous
receptors subgroups
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>30% of CLL patients Share clinical and
Recognize similar epitopes biological profiles




2.4% of all CLL

2.8 % of all CLL

1% of all CLL

SUBSET #8

0.5% of all CLL

Very aggressive
(TTFT 1-9 years)

Very aggressive
(TTFT 1-6 years)

Very indolent
(TTFT 11 years)

U-CLL

Significantly up-
regulated EZH2 levels

Recurrent NFKBIE
gene mutations

Pronounced BcR and
TLR signaling

Both U-CLL and M-
CLL

High incidence of
del(11)(q22q23)

Significant enrichment
of SF3B1 mutations

Low frequency of
TP53 aberrations

M-CLL

Few genetic
aberrations

Ongoing SHM

|G features of anti-
DNA Abs

Signature of B-cell
anergy

Very aggressive-
highest risk for RT
(TTFT 15 years)

U-CLL

High frequency of
trisomy 12

Prevalence of NOTCH1
mutations

Promiscuous antigen
binding reactivity
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Stamatopoulos et al, Leukemia 2017



Patients untreated (%)
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Baliakas et al. Lancet Haematol 2014



Different subsets, distinct recurrent mutation profiles

Frequency %

50 1

45 1

40 1

35 1

30 1

25 1

20 1

15 1

10 1
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£ 3 Institutet

.
g 18°

RO

® SF3B1mutation W NOTCH1 mutation @ TP53 mutation (n=565)

. J

#1

#59  #99 #3 #5 #6

#7 #8 #2 #4

IGHV1-69

M-CLL & U-CLL M-CLL

U-CLL

Sutton et al, Haematologica 2016
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Whole-genome sequencing of subset #1 ﬁ%@: Karolinska
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26/27 cases carry a known CLL driver gene mutation

Ljungstrom et al



How to bring order out of this?
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Large-scale project on CLL gene mutations

* >20 centers, 4800 pts

* 10 genes, full clinical data required

IGHV MUTATIONAL STATUS
(N=3493)
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41,1%

del(13q)

[VALUE];
28,5%

no recurrent
aberrations

CIRIC

european research initiative on CLL
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Sutton et al.



Large-scale project on CLL gene mutations E4/</

european research initiative on CLL
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Copy-number
aberrations

Structural
aberrations
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Molecular profiling
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Extracting information from WGS in CLL s Karalinska

SMALL MUTATIONS

Chr Start End Ref Varlant Gene Type

Exonic_type VAR %

chr2 198266834 198266834 T c SF3B1 exonic nonsynonymous SMY - 11,45

chr11 108183167 108183167 A G
chr17 7679472  7b679472 G ]

ATM exonic nonsynonymous SNV - 48,2
TPE3 exonic nonsynonymous SMY - 4832
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Validation of WGS reveals robust detection of low- ‘s Karolinska
3

. . . SRt Institutet
frequency variants and copy number alterations in CLL -~
(Mﬁ ] (73:3%) (B) w0 ] (93-3%)
ol (B) Al variants, n =79
: : 100 - )
i (100%) 1: 75 0%) l -
0 o r=0-985 fP':ﬂ‘ﬂﬂ]'l}
bs;\m < :ﬁ\n} @6‘2 t?(& & b"\ﬂp 3 E 57 - :
mm Detected by WGS and FISH mm Detected by WGS and Armay e .ATM
oot e e E == BIRC3
(© L] GC determined by Amay - 1 f EGRE
olgme =T =L L L NOTCH1
® . q—“t:L L . RPS15
G ;zi 'g' 1 = [] :.
5 - e 25 - . SF3B1
7 ] RESTTERTY o TP53

-~ XPO1
GC determined by WGS "
5 5 100 —— <4 CNAs (n=45)

0 25 50 75 100
VAF WGS (%)

ot
0 8 12 18 24 30 36 42 48
Time to progression (months)

Survival (%)
g

Klintman et al BJH 2018



Tnaat ock Hlize
%L&r O
(f&fcge

Cancerfonden

\”

Vetenskapsradet

=

AKADEMISKA
SJUKHUSET

UPPSALA
UNIVERSITET

Scil ifcLab

european research initiative on CLL

Acknowledgements

Karolinska Institutet &
Uppsala University
Panagiotis Baliakas
Diego Cortese
Viktor Ljungstrom
Mattias Mattsson
Larry Mansouri
Tatjana Pandzic
Lesley-Ann Sutton
Emma Young
Tobias Sjoblom
Martin Hoglund

CERTH, Thessaloniki
Anastasia Hadzidimitriou
Andreas Agathangelidis
Kostas Stamatopoulos

IRCCS San Raffaele, Milan
Lydia Scarfo, Paolo Ghia

Hopital Pitie-Salpetriere, Paris
Frederic Davi

Nikea Hospital, Athens
Chrysoula Belessi

Erasmus MC, Rotterdam
Anton W. Langerak

University of Eastern Piedmont
Novara Gianluca Gaidano

10SI, Bellinzona Davide Rossi

Charite, Berlin
Frederik Damm, Daniel Noerenburg,
Michael Hummel

University Hospital, Kiel
Christiane Pott

University of Wiirzburg, Germany
Andreas Rosenwald

University of Stuttgart, Germany
German Ott

University of Frankfurt, Germany
Martin-Leo Hansmann

University of Duisburg-Essen,
Germany Ralf Kiippers

s\"A "Vm)

e is2 Karolinska
a% gﬁ Institutet

RO

""’No 1‘5‘“

CEITEC, Brno
Karla Plevova, Jitka Malcikova, Sarka
Pospisilova

NIHR, Oxford
Ruth Clifford, Anna Schuh

Royal Bournemouth Hospital
David Oscier, Zadie Davis

University of Southampton
Stuart Blakemore, Jonathan C. Strefford

Padua University
Livio Trentin

University of Athens
Panagiotis Panagiotidis

G. Papanicolaou Hospital,
Thessaloniki Niki Stavroyianni

Feinstein Institute, NY
Nicholas Chiorazzi


http://www.vr.se/2.5b24e27d107949d9e3880000.html

