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ctDNA is of low abundance:
Optimization of sensitivity and specificity of NGS is mandatory

Spina V, et al. Blood 2018
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Hohaus S et al. Ann Oncol. 2009;20(8):1408-1413

cfDNA circulates in small amounts



Challenges in the identification
of small abundant ctDNA variants by NGS

• Input DNA (at least 32 ng)

• Library preparation chemistry (capture based, 
molecular barcoding)

• Coverage (>2000X >80% target region)

• Bioinformatic pipeline for variant calling
(catalogue of systematic errors)



The origin of cell free DNA in healthy subjects
and cancer patients

Snyder, Cell 2016

• In healthy individuals cfDNA derives from apoptosis of normal hematopoietic cells 

• In tumor patients cfDNA is released by tumor apoptotic cells

• ctDNA is distinguished from other cfDNA by the presence of somatic mutations 
representative of tumor biology absent in normal cells
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Diffuse large B-cell lymphoma vs
classical Hodgkin lymphoma

Tumor cells are rare in the mass

Exome sequencing data from only 10 cases

Reichel J, et al. Blood 2015

Tumor cells are enriched in the mass

Exome sequencing data from >1000 cases

DLBCL cHL

Pasqualucci L, et al. Semin Hematol 2015



0%

10%

20%

30%

N=30

GC
Non-GC

Rossi D, et al. Blood 2017

0%

20%

40%

60%

80%

100%

Sensitivity

N=87

N
=

2
1

N
=

1
8

82.8%

M
u

ta
ti

o
n

fr
eq

u
e

n
cy

Mutation identified both in gDNA and in cfDNA

Mutation identified in cfDNA only

Mutation identified in gDNA only

CREBBP

CCND3

EZH2

KMT2D

MYC

PIM1

STAT6

TBL1XR1

TNFAIP3

TP53

missense mutation truncating mutation

ctDNA mirrors the genetics of DLBCL cells



Circulating tumor DNA resolves the spatial
heterogeneity of lymphomas

Scherer F, et al. Sci Transl Med 2016



Scherer F, et al. Sci Transl Med 2016

Longitudinal cfDNA genotyping allows
Non invasive detection of ibrutinib resistance mutations



LymphoSIGHT™ platform

CTGGCCCCAGTAGTCATACCAACTAGCG

TTGGCCCCAGAAATCAAGACCATCTAAA

ACGGCCCCAGAGATCGAAGTACCAGTGT

TTGGCCCCAGACGTCCATATTGTAGTAG

CTGGCCCCAGAAGTCAGACCGGCTAACA

1) Collect 10cc 

peripheral 

blood

2) Extract DNA 3) Amplify VDJ 

with multiplex 

PCR

4) Prepare for 

sequencing with 

common PCR

5) Sequence ~1M 

100bp reads

Genomic 

DNA

PCR amplicons Sequencing library Sequence dataSerum



5-year TTP of 94.6% vs. 11.8% 

MRD at the end of treatment predicts progression

Roschewski M et al. Lancet Oncol, 2015



Recovery rate of the tumor IG rearrangement
from DLBCL tissue biopsies

Limitations of Ig-HTS as tumor fingerprint
in the Liquid biopsy

Kurtz DM et al. Blood, 2015.



Mutational profile as tumor fingerprint
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The prognostic value of molecular response is
independent of interim imaging

Kurtz, J Clin Oncol 2018
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Understanding of the genetics of 
DLBCL vs cHL

Tumor cells are rare in the mass

Exome sequencing data from only 10 cases

Reichel J, et al. Blood 2015

Tumor cells are enriched in the mass

Exome sequencing data from >1000 cases

DLBCL cHL



ctDNA mirrors the genetics of HRS cells
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Mutational landscape of newly diagnosed cHL

N=80

Spina V, et al. Blood 2018
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NF-κB 

PI3K-AKT

Cytokine signaling

Epigenetic genes

46.2% (37/80)

46.2% (37/80)

37.5% (30/80)

35% (28/80)

27.5% (22/80)

immune surveillance genes

NOTCH pathway

20% (16/80)

Mutated pathways in newly diagnosed cHL

Spina V, et al. Blood 2018
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1.
No uptake

2.
FDG < MBP

3.
FDG >MBP ≤ liver

4.
FDG > liver

5.
FDG >> liver

4

Baseline
PET

Interim
PET

False positive rate = 19%False negative rate = 3%

Interim PET/CT accuracy in cHL

Terasawa, et al J Clin Oncol 2009 27:1906-1914



Changes in tumor cfDNA complement iPET

3 4 4 3 3 3 3 1 2 2 2 4 4 5 4 1 2 1 1 1 1 1 3 1

PD PD PD PD PD PD CR CR CR CR CR CR CR CR CR CR CR CR CR CR CR CR CR CR Outcome

-5

-4

-3

-2

-1

0

1
c

H
L

 6
6

U
P

N
6

U
P

N
2

5

c
H

L
 8

5

c
H

L
 6

7

c
H

L
 5

2

c
H

L
 1

9

U
P

N
4

c
H

L
 2

3

c
H

L
 8

U
P

N
3

c
H

L
 6

3

c
H

L
 7

8

c
H

L
 6

4

c
H

L
 6

5

c
H

L
 1

3

U
P

N
1

1

c
H

L
 7

4

c
H

L
 7

5

c
H

L
 7

6

c
H

L
 7

9

c
H

L
 8

0

c
H

L
 8

3

c
H

L
 8

6

Deauville

Score

iPET positive – Progressive disease

iPET negative – Progressive disease
iPET positive – Cured

iPET negative – Cured

L
o

g
 f

o
ld

 c
h

a
n

g
e

 i
n

 t
u

m
o

r 
c

tD
N

A

ND

-5

-4

-3

-2

-1

0

1

0 50 100 150 200
Days from start of therapy

L
o

g
 f

o
ld

 c
h

a
n

g
e

 i
n

 t
u

m
o

r 
c

tD
N

A

ND
p<0.001

> -2 log fold reduction

< -2 log fold reduction

18 15 2 2 0

6 0 0 0 0

a

c

b d

e

-4.5 -4.0 -3.5 -3.0 -2.5 -2.0 -1.5

2
.0

2
.5

3
.0

3
.5

4
.0

4
.5

 Log

S
ta

n
d
a
rd

iz
e
d
 l
o
g
-r

a
n
k
 s

ta
ti
s
ti
c

-4.5 -4.0 -3.5 -3.0 -2.5 -2.0 -1.5

2
.0

2
.5

3
.0

3
.5

4
.0

4
.5

 Log

S
ta

n
d
a
rd

iz
e
d
 l
o
g
-r

a
n
k
 s

ta
ti
s
ti
c

p=0.001

Spina V, et al. Blood 2018



Conclusions

• Molecular markers informing treatment: BCR signaling

mutations, EZH2 mutations

• Clonal evolution: mutation resistance monitoring

• Molecular markers informing response to therapy: 

minimal residual disease monitoring
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Clinical trial design incorporating ctDNA assessment
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