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Genomic analysis of CLL
Dr Kate Ridout

University of Oxford



Mutations with functional consequences in exons 
mutated across our CLL patient cohort 

Symptomatic 
CLL

Respon
se

Advanced/Refract
ory CLL or Richter 

Syndrome

• CLL remains incurable 
and patients still relapse

• Patients may not tolerate a 
targeted therapy

• Combination therapies 

17p deletion – FISH, CGH array, 
Karyotyping
TP53 mutation – Sanger sequencing, 
targeted panel
IgHV status – Sanger sequencing

CLL in the clinic

CLL-IPI (Chronic Lymphocytic Leukemia-
International Prognostic Index)

• Age
• Rai stage
• Beta-2 macroglobulin ,IgHV mutational 

status, TP53 disruption

CLL4
• Relapsed disease
• LDH
• Beta-2 macroglobulin, TP53 disruption

Genomic risk stratification can combine 
hundreds of features. 



• Tumour DNA is taken from whole blood
• In pre-treatment CLL samples >90% of cells can be CLL cells
• Germline DNA from saliva
• Data are subtracted to leave only tumour DNA

CLL cells

Saliva

Blood

Normal genome

Cancer genome

Whole-genome 
sequencing CTG AGGTCAC

AAT
CTG AGGTCAC

AAT

CAG

CTG

AGT

Identify somatic 
alterations

Compare normal 
and cancer genome

Patients 
with CLL 

CTG AGGTCAC
AAT

CAG

CTG AGCTCAC
AAT

CTG

CTG AGGTCAC
AAT

CTG

Select mutations found in multiple 
patients n = 485

Comprehensive bioinformatics pipeline to narrow 
down the most probable candidate drivers
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Figure courtesy of P. Robbe
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Candidate drivers



Mansouri et al. (2023) 
Leukemia

• Driver gene 
mutations 
have varying 
prognostic 
impacts 
depending on 
IgHV
mutation 
status



Exclude Ig regions 
and common 
sequencing/mappin
g artefacts

Software:
OncodriveFML
OncodriveCLUSTL

Cross 
validation

Non-coding Driver gene identification



Non-coding Drivers



BCL6 enhancer mutations



Integration of coding, non-coding and CNAs

Genes with only coding variants

More than half of genes are affected 
by more than just exonic mutations 



Patients with both TP53 mutations and GC#7/8 changes have ultra-high-risk disease 

| | |
|

|

|
|
|

|
| |

|
|

|
|

| |

| | |||
| |

| || |
| ||| | | ||||||||| | ||| ||| || |||||||| | ||| | | |

p < 0.00010%

25%

50%

75%

100%

0 10 20 30 40 50 60 70 80
Time in months

Pr
og

re
ss

io
n 

fre
e 

su
rv

iva
l

a

m-GS1 (n=16)

m-GS2 cluster 2 (n=26)
m-GS2 cluster 1 (n=38)

TP53/del17p (n=9)

u-GS1 /TP53/del17p (n=35)
u-GS2 (n=36)
u-GS3 (n=83)

se
x

Ag
e

G
C#

4
G

C#
7

G
C#

6
G

C#
3

G
Cc

n 
lo

ss
n 

ga
in

n 
tra

n 
in

v
tri

12
BC

O
R

EG
R2

uGS3

uGS2

uGS1 mGS1

mGS2

G
Cc

n 
lo

ss
n 

ga
in

n 
tra

n 
in

v

n 
dr

i c
Ce

ll c
yc

le
 &

 a
po

pt
os

is
DD

R
Dr

ive
rs

M
AP

K
PI

3K
Tr

an
sc

rip
tio

na
l r

eg
ul

at
io

n
W

NT
Ne

ur
ot

ro
ph

in
P5

3

AT
M

 d
el

11
q2

2.
3

BI
RC

3 
de

l1
1q

22
.3

DL
C1

 d
el

8p
PC

M
1 

de
l8

p

Te
lo

m
er

e 
le

ng
th

Tu
m

ou
r c

on
te

nt
n 

va
r E

nh
Pr

om
n 

va
r 5

'U
TR

n 
va

r 3
'U

TR
n 

va
r i

nt
ro

n

pI
RF

8
pB

AC
H2

pT
CL

1A
IG

LL
5 

5'
UT

R

SB
S9

DB
S2

DB
S7

8B
SB

S9
 h

ig
h 

gr
ou

p

TP53 mut & GC7-8
TP53 mut

TP53wt GC7-8

TP53wt no GC7-8

PFS after chemo-immunotherapy 

Loss only

No CNA

Gain only

Gain + Loss

Trisomy + loss

Gain + 
Trisomy 
+ loss

Gain + 
Trisomy

Trisomy

Presence / absence

CN gain / loss
Aneuploidy / trisomy

Translocation / Inversion
Slide courtesy of P. Robbe

Genomic complexity



Whole genome features
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PFS after chemo-immunotherapy 



Ø Each individual alteration is rare: prevents efficient stratification of patients

Identification of independent predictors of progression using multivariate analysis
After chemo-immunotherapy 
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Slide courtesy of P. Robbe and Dr Dimitris Vavoulis



Statistical clustering using non-
negative matrix factorization

Genomic 
subgroup 1

Genomic 
subgroup 2

Genomic 
subgroup 3

Clinical outcome metric : PFS after treatment
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Extract meaningful sets of 
features to cluster patients’ 
genome  

Different type of “candidate 
drivers” / Genomic features

Slide courtesy of P. Robbe

Statistical clustering of 186 genomic features



IGHV unmutated samples IGHV hyper-mutated samples

Genomic subgroups

uGS1: TP53/del17p, high genomic complexity
uGS2: ATM, BIRC3, DDR and driver mutaitons
uGS3: High mutation burden in the non-coding space but 
without specific known drivers 

mGS1: TP53/del17p, high genomic complexity, mutations in key 
pathways 
mGS2: High mutation burden in the non-coding space but without 
specific known drivers



IGHV unmutated samples IGHV hyper-mutated samples

In both cases TP53/del17p were manually separated to demonstrate the meaningfulness of 
the grouping without it 

Survival analysis of genomic subgroups



OXPLORED clinical trial (Oxford Pre-cancerous Lymphoproliferative Disorders: Analysis and Interception 
study)

WGS in 400 samples from 200 individuals
sorted CD19+ B-cells as tumour 

matched salivary DNA as germline

Statistical clustering using non-
negative matrix factorization

Genomic 
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Genomic 
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Genomic 
subgroup 3

Clinical outcome metric : PFS after treatment
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Different type of “candidate 
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Analysis: 
186 genomic features from Robbe*, Ridout* et al. 

Whole genome classification of pre-malignant B-cells disorder 
of the OXPLORED study

Pauline Robbe, Kate E Ridout, Niamh Appleby, Georgeta Ciuban, Gagandeep Batth, Hélène Dréau, Thomas Wenban-
Smith, Melinda Kormandy, Grigore-Aristide Gafencu, Piero Carninci, Clare Freestone, Daniel McAleese, Dimitrios V 

Vavoulis, Anna Schuh

Slide adapted from P. 
Robbe

How do groupings predict clinical 
outcome in patients treated with 
targeted therapies



Conclusions

Development of a single pipeline for 
this process is ongoing

Dr Grigore Aristide-Gafencu

• Using WGS allows us to capture rare variants and variant 
combinations in order to understand the full range of 
heterogenetiy in CLL

• Multiple genomic features are linked to patient outcome on CIT 
and investigations are ongoing for targeted therapy   

• Patient stratification can be performed using multiple genomic 
features which could also be used to inform treatment decisions  
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Non coding annotations are 
complex and multi-layered

Is the region active?
Methylation data, ATAC-seq

Is the region functional?
6 different methylation marks

Identification of promotor, enhancer, 
heterochromatin etc…

Non-coding Annotation

What does the region do?
What genes does it regulate?



Robbe*, Ridout* et al. Nat Gen 2022

Driver gene identification


