
Estudios biológicos basados en Secuenciación Masiva 
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Secuenciación Masiva  y variantes gen NSD2 t(4;14) 

N Stong, Blood 2023



Secuenciación Masiva  y mutaciones de TP53

Del(17p) y TP53 mut
Las mutaciones de TP53 son factor independiente de mal pronóstico (IFM), (GEM)
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Log-rank p-value < .0001

Event/N Median survival (mo)

601/2505 152,2
39/76 52,8
33/45 36

Corre et al., Blood, 2021Unpublished data

JM Rosa et al. Cancer 2022 (GEM12) Y Ruiz-Heredia et al. Hematologica 2018 (GEM10)
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Panel v3Panel v1 
(Rosa-Rosa at al. Cancers 2022)

10937Genes

IGH,IGK,IGL,TRA,TRB,TRGIGH
IG 
Rearrangements

~11.000~1.000SNPs (CNVs)
t(4;14)t(4;14)

Txs
t(6;14)t(6;14)

t(11;14)t(11;14)

t(14;16)t(14;16)

t(14;20)t(14;20)

137 casos (64 casos analizados)

Panel de captura de Secuenciación Masiva targeted específico de Mieloma

SureSelect XT probes can be used in 
both Illumina and IonTorrent platforms 
(choice based on scalability, 
preferences, etc)
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Size (Mbp)Probes% TargetsSize (bp)TargetsID

1.953747599.83%10.87310873Backbone_SNPs_real250Kb

0.431383999.50%295.6681618Panel_MM_Genes_v2

0.241017997.37%229.946409Panel_MM_IG_TCR

0.03267999.00%26.62294Panel_MM_Traslocations_Genes

0.076091100.00%61.199213Panel_MM_Traslocations_Regions

0.00443100.00%4.01915Panel_MM_v2_Recovery Juan Manuel Rosa
i+12/CNIO Investigador



Panel GEM v2 (0.5Mb)

FISH-FISH+Translocations
223NGS+

18415NGS-
0.92VPP
0.92VPN
0.61Sensitivity
0.99Specificity

0.92Global accuracy

FISH-FISH+Del1p
1011NGS+
647NGS-

0.52VPP
0.90VPN
0.61Sensitivity

0.86Specificity
0.82Global accuracy

FISH-FISH+Amp1q
426NGS+

4713NGS-
0.87VPP
0.78VPN
0.67Sensitivity
0.92Specificity
0.81Global accuracy

FISH-FISH+Del17p
108NGS+
792NGS-

0.44VPP
0.98VPN
0.80Sensitivity
0.89Specificity
0.88Global accuracy

* No hay diferencias observables entre usar IonTorrent o Illumina 

Panel H12O v2 (2.7Mb) RNA

FISH-FISH+Translocations
110NGS+

530NGS-
0.91VPP
1.00VPN
1.00Sensitivity
0.98Specificity

0.98Global accuracy

Yepantulla (2.06Mb)
SpecificitySensitivity

1 (0.97–1)1 (0.75–1)Translocations
1 (0.97–1)0.97 (0.82–1)Del1p
1 (0.96–1)0.98 (0.9–1)Amp1q

0.98 (0.95–1)1 (0.87–1)Del17p

Bolli (2.992Mb)
SpecificitySensitivity

10.8Translocations
??Del1p
??Amp1q
??Del17p

Walker (4.5Mb)
SpecificitySensitivity

1(0.92-1)0.94(0.85-0.98)Translocations
1(96.45-1)1(0.71-1)Del1p

0.98(0.92-0.990.98(0.88-0.99)Amp1q
0.98(0.94-0.99)1(0.83-1)Del17p

Panel H12O v3 (2.7Mb) DNA

FISH-FISH+Translocations
08NGS+

542NGS-
1.00VPP
0.96VPN
0.80Sensitivity
1.00Specificity

0.97Global accuracy

FISH-FISH+Del1p

04NGS+

582NGS-
1.00VPP
0.97VPN
0.67Sensitivity

1.00Specificity
0.97Global accuracy

FISH-FISH+Amp1q
216NGS+

406NGS-
0.89VPP
0.87VPN
0.73Sensitivity
0.95Specificity
0.88Global accuracy

FISH-FISH+Del17p
24NGS+

580NGS-
VPP

1.00VPN
1.00Sensitivity
0.97Specificity
0.97Global accuracy

FISH ~25%



CNVs

Depth

LOH

Ejemplo de Mieloma Hipodiploide con del1p32



3 copies 4 copies

LOH: odd number of copies No LOH: even number of copies

Ejemplo de Mieloma Hiperdiploide con gan 1p



t(4;14) Long forms vs short forms

(Stong, N. et al. 2023)

long

short

formpos2chr2pos1chr1
short1904543chr4105587675chr14
long1871928chr4105859864chr14
long1900089chr4105746068chr14
long1875343chr4105858516chr14
long1871928chr4105859864chr14
short1905143chr4105646747chr14

genomic “threshold”



Target RNA sequencing con el mismo panel de captura

Sobreexpresión de FGFR3 y 
CCDN1 asociada a t(4;14) y 
t(11;14) respectivamente

8/9 casos 
correlación sobreexpresión y tx

EXPRESIÓN DE ARN
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Secuenciación Masiva otros estudios, Mieloma Múltiple, GEM

GEN17FIT

En colaboración
con el grupo de 
Elias Campos
Proyecto Medicina
Personalizada



Reordenamientos de Igs identification in RNA

Distribución de 34 muestras de ARN CD138+ de 
pacientes con mieloma múltiple

IGH
6% IGK

9% IGL
3%

IGH+IGK
35%

IGH+IGL
47%

IGH+IGK+IGL
0%

NONE
0%

#CD138+TYPE

2IGH

3IGK

1IGL

12IGH+IGK

16IGH+IGL

0IGH+IGK+IGL

0NONE

*100% IGH o IGK/IGL 

82% IGH+IGK/IGL
(28/34)

IGH+IGL (16/34)

Validation in DNA samples

*previous results: 80% in DNA
Rosa-Rosa JM, (…) Buenache N, (…) Martínez-López J et al. Cancers 2022

Up to date, 13 out of 14 (>90%) analysed samples showed IG rearrangements in DNA

100% match RNA/DNA sequences



Biopsia líquida y Ultradeep Sequencing, Blood MRD

cfDNA

Spin-off

Plasma
20-25 mL

20% of patients are CD45+ve CD56+ve very informative!

In the Follow-up samples we can recognize PPC 

NGF
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Biopsia líquida y Ultradeep Sequencing, Blood MRD

Notarfanchi L, et al; ASH 2023 OP

Cf DNA Amount
(ng)Negative cfDNAPostitive cfDNAN of SamplesN. of patients

254 (16-2060)50 (61%)38 (39%)9846

P=0.307

n=6

n=29

n=27

n=9

P=0.030 P=0.008

n=30

n=6

cfDNA
Progresion

NegativePositive

83,3%PPV15PositiveTest
86,7%NPV264Negative

SpecificitySensitivity

96,3%55,6%

P ositive Ne gative

Positive 7 22 PPV 2 4 ,1 %

Ne gative 1 5 NPV 8 3 ,3 %

Se ns itivity Spe cificity

8 7 ,5 % 1 8 ,5 %

Te st

Progre s ion

BM

Pos itive Ne gative

Positive 5 4 PPV 55 ,6 %

Ne gative 4 23 NPV 85 ,2 %

Se ns itivity Spe cificity

5 5,6 % 85 ,2 %

Progre sion

Test

BF
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Oxford Nanopore Long-read Sequencing Technology (ONT) 

Why using ONT?

1. Allows to sequence of single molecules of up to 100Kb lengths
2. Simultaneous whole genome and whole DNA methylome sequencing  

From the same sample:

 Structural variations (deletions, duplications, CNVs, inversions etc.)
 SNPs and point mutations
 DNA methylation alterations (hyper-/hypomethylation)

1. Aquisition of an ONT PromethION machine in July 23
2. Established on MM cell lines and primary patient samples

 CD138+ purified MM BM
 Peripheral blood (PBMCs)

DNA or RNA 
molecules

Tomas Di Domenico
(Bioinformatics, CNIO)

Larissa Haertle
Hematol. Malignacies

(H12O/CNIO)
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Drug Resistance Mechanisms and More...

Multi-drug resistant cell line model:

• Quality at >99% accuracy,read lengths: ~9kb (after shearing)

Findings: 
• BCMA deletion, huge BCMA inversion
• Promoter hypermethylation of a CDC42 downstream effector
• Promoter hypermethylation of a member of the KCTD family
• Large hypermethylation of a piRNA cluster (> 10 kB)
• etc...

MM patient resistant to standard and immunotherapies:

The last run with patient samples is currently running and 
bioinformatic analysis is ongoing.
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Optical Genomic Mapping y Mieloma Múltiple
Limitaciones en mieloma múltiple
• Mas de un 1gr de DNA 
• Extracción de DNA específica
• Aporta información CNV/Tx
• Sin cel purificadas muestras >30% infiltración


