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Joining forces

CLL

ERIC



3 000 000 000 bp 22 000 genes 50-500 genes

Whole-genome Exome Gene panels

New tool box for diagnostics & research



• NOTCH1

• ATM

• SF3B1

• TP53

• MYD88

• POT1

• XPO1

• BIRC3

• KLHL6

• Etc

Puente et al, Nature 2011, Fabbri et al, JEM 2011
Wang et al, NEJM 2011, Queseda et al, Nature Gen 2011

The genomic landscape in CLL



What are the frequencies of gene mutations?

What gene mutations are clinically relevant?



Baliakas et al, Leukemia 2015n=3490



Baliakas et al, Leukemia 2015

3490 pts

Increased frequency in clinically aggressive cases



Concurrent genetic events

Baliakas et al, Leukemia 2015



NOTCH1 (n=816+67) SF3B1 (n=832+51) BIRC3 (n=605+11)

Baliakas et al. Leukemia 2015

Prognostic impact of novel mutations



Univariate analysis Multivariate analysis

HR 95% CI P HR 95% CI p

NOTCH1 2.633 1.928-3.598 <0.0001 1.305 0.923-1.847 0.128

SF3B1 2.635 1.855-3.745 <0.0001 1.644 1.134-2383 0.008

TP53ab 2.266 1.580-3.252 <0.0001 2.081 1.431-3.021 0.0001

U-CLL 4.840 3.860-6.069 <0.0001 3.701 2.833-4.434 <0.0001

del(13q) 0.524 0.413-0.663 <0.0001 0.98 0.740-1.209 0.889

del(11q) 2.924 2.229-3.849 <0.0001 1.421 1.031-1.970 0.03

+12 1.997 1.520-2.623 <0.0001 1.338 0.972-1.841 0.07

Baliakas et al, Leukemia 2015

Prognostic impact of novel mutations
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More homogenous
subgroups

Share clinical and 
biological profiles

Highly similar B-cell 
receptors

>30% of CLL patients                                           

Recognize similar epitopes

Stereotyped B-cell receptors in CLL 

1012



Different subsets, distinct recurrent mutation profiles

Sutton et al, Haematologica 2016

(n=565)



ASH 201621,123 cases



What is the optimal strategy for gene panel analysis?



ERIC gene panel comparative study
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(Agilent)

TruSeq 
(Illumina)

Multiplicom

DNA 
Input

225ng 250ng 200ng

Basic 
concept

Restriction 
digest & 

biotin probes

Designed 
oligo pool PCR based

Enrichment
techniques

Comparison of 3 
targeted enrichment
custom/pre-designed

technologies

ATM
SF3B1*

NOTCH1*
POT1

BIRC3
MYD88
EGR2#

XPO1*

TP53
NFKBIE#

FBXW7

11 gene panel
Full CDS or 

*hotspots only
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Sutton et al, in preparation



❖48 CLL samples with 
matched germline DNA

❖Samples previously well
characterized: clinical and 

molecular data

Samples and Logistics

HaloPlex
48T + 48N

HaloPlex
48T

TruSeq
48T + 48N

Multiplicom
48T + 48N

TruSeq
48T

Multiplicom
48T + 48N

Sequencing: Illumina MiSeq

Bioinformatics

Center 1 Center 2 Center 3 Center 4 Center 5 Center 6

Co-ordinating 
Center

Sequencing

Analysis

Technical 
Analysis

Sutton et al, in preparation



Results: Multiplicom
TP53
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Sutton et al, in preparation



Results: Illumina TruSeq
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Results: HaloPlex
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Combined TP53 Results: 3 methodologies

Sutton et al, in preparation



TP53 Results 1-10%
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A mess!!! False positives or true low frequency variants?

Sutton et al, in preparation



MULTICENTER STUDY ON PROGNOSTIC AND 

PREDICTIVE IMPACT OF TP53 VARIANTS 

BELOW 10% VAF



Puente et al, Nature 2015
Landau et al, Nature 2015

More gene mutations detected…



• >20 centers, 4800 pts

• 10 genes, full clinical data required

Jan 2017

Nov 2018 April 2018

Large-scale project on CLL gene mutations
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Large-scale project on CLL gene mutations

n=3425



Relevance of genomic complexity? 



Hallek et al, Blood 2018

New iwCLL
guidelines



Complex karyotype and clinical outcome

Juliusson et al, NEJM 1990 Thompson et al, Cancer 2015 Anderson et al, Blood 2017

Ibrutinib Venetoclax
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How to bring order out of this?





• Reference group for NGS-based diagnostics

• Started 2015

• Associated with ERIC/EHA and EAHP

• Hematologists, hematopathologists and 
geneticists

• Aims:

• Provide guidelines/recommendations

• Dialogue with companies aiming for gene 
panel diagnostics

• Workshops/symposiums

European Expert Group on NGS Diagnostics in Lymphomas

http://www.google.se/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi6wauEl8fJAhVGKCYKHa0XBrMQjRwIBw&url=http://www.iupui.edu/~pathol/HematopathologyWorkshop/index1.html&psig=AFQjCNHoRJAJUaXysFB4Rh0rRyDjMaOtKg&ust=1449489414744273
http://www.ericll.org/index.php


Elias Campo (Spain)                          hematopathologist
Ming Du (UK) molecular pathologist
Gianluca Gaidano (Italy)                 hematologist
Philippe Gaulard (France)              hematopathologist
Patricia Groenen (The Netherlands)  clinical scientist - molecular pathology
Richard Rosenquist (Nordic countries) clinical geneticist
Andreas Rosenwald (Germany)       hematopathologist
Kostas Stamatopoulos (Greece) hematologist

Associated members: 
Paolo Ghia (ERIC)
Andrew Wotherspoon (EAHP) 

European Expert Group on NGS Diagnostics in Lymphomas

http://www.google.se/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi6wauEl8fJAhVGKCYKHa0XBrMQjRwIBw&url=http://www.iupui.edu/~pathol/HematopathologyWorkshop/index1.html&psig=AFQjCNHoRJAJUaXysFB4Rh0rRyDjMaOtKg&ust=1449489414744273


Great genetic heterogeneity but also common themes

Rosenquist et al, Haematologica 2016



Clinical impact of recurrently mutated genes

Rosenquist et al, Haematologica 2016



Lymphoma NGS Gene Panel

• TruSight gene panel

• 43 genes included

• Low input (10-20 ng DNA), FFPE compatible 

ATM, B2M, BIRC3, BRAF, BTK, CARD11, CD58, CD79A, CD79B, CIITA, CREBBP, CXCR4
(CD184), EGR2, EZH2, GNA13, ID3, IDH2, ITPKB, JAK3, KLF2, MAP2K1, MYD88,
NFKBIE, NOTCH1, NOTCH2, PLCG1, PLCG2, POT1, RHOA, RPS15, RRAGC, SF3B1,
SOCS1, STAT3, STAT5B, STAT6, TCF3, TET2, TNFAIP3, TNFRSF14, TP53, TRAF3, XPO1

http://www.google.se/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi6wauEl8fJAhVGKCYKHa0XBrMQjRwIBw&url=http://www.iupui.edu/~pathol/HematopathologyWorkshop/index1.html&psig=AFQjCNHoRJAJUaXysFB4Rh0rRyDjMaOtKg&ust=1449489414744273


Planned collaborative projects

A.Tumor sample B. Library preparation C. Sequencing D. Analysis/reporting E. Knowledge DB

Lymphoid capture panel

Classification
Risk-stratification
Prediction

http://www.google.se/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi6wauEl8fJAhVGKCYKHa0XBrMQjRwIBw&url=http://www.iupui.edu/~pathol/HematopathologyWorkshop/index1.html&psig=AFQjCNHoRJAJUaXysFB4Rh0rRyDjMaOtKg&ust=1449489414744273


Detection of resistance mutations



Multicenter study on ibrutinib resistance

Progression and sampling

BTK mutated +/-PLCG2 mutated

BTK and PLCG2 wildtype

Time on ibrutinib (months)

• 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.

Sutton, Bonfiglio, Scarfò et al



BTK mutations

Pt # Gene Exon AA change WT/MT codon VAF, %

35RE BTK 15 C481R c.T1441C 36.57

19RE BTK

BTK

15

15

C481S

C481S

c.T1441A

c.G1442C

51.80

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

BTK

15

15

C481S

C481S

c.G1442C

c.T1441A

2.67

1.98

Sutton, Bonfiglio, Scarfò et al





Baliakas et al, Haematologica 2018n=3015



Tailored approaches based on immunogenetic
features for refined prognostication in CLL

Baliakas et al, Haematologica 2018

M-CLL

N=3015

U-CLL



We will continue!

CLL

ERIC


