
❖ Induces NFKB signaling via IRAK 

and BTK  pathways 

❖ Overexpression of MYD88  

promotes survival of WM cells 

❖ Inhibition of MYD88 signaling leads 

to WM LPC apoptosis 

Treon et al, NEJM 2012

MYD88 (L265P) mutation 
in Waldenstrom’s Macroglobulinemia



»  Diagnostic tool (WM vs other B cell LPD)  
»  Prognostic marker in IgM-MGUS 

»  Response assessment after therapy 

»  Novel therapeutic target 



MYD88 (L265P) mutation  
in patients with WM and IgM-MGUS 

- - 79% 67 BM CD19+ PCR Poulain et al, 2013 

56% 9 - - BM Sanger Landgren et al, 2012 

54% 24 93% 104 BM CD19+ AS-PCR Xu et al, 2013 

IgM-MGUS WM Tissue Method Reference 
MYD88 
L265P 

n. pts MYD88 
L265P 

n. pts 

    - 

31 

- 

77 

21 

39 

117 

31 

58 

30/24 

  - 97% NA  WGS/Sanger/
AS-PCR 

Ansell et al, 2013 

87% 86% BM/LN AS-PCR Jiménez et al, 2013 

- 67% BM  PCR Gachard et al, 2013 

47% 100% BM AS-PCR Varettoni et al, 2013 

10% 91% BM CD19+ WGS/Sanger Treon et al, 2012 



Disease categories Mutation frequency by (AS-PCR)

WM
IgM-MGUS

non-GC DLBCL
MZL, MALT

CLL, FL
MM, HCL, MCL
IgA/IgG MGUS

HEALTHY

79–100%
50–80% 

19%
<10% 
<5% 
0%

0%

 
 

•  Marker highly characteristic of WM and IgM-MGUS and post-GC LPDs  
•  Few studies ipotesize its use as tool for diagnostic and response assessment 

Xu et al. Blood 2013

MYD88 L265P-MUT   



MYD88 allele burden in IgM-MGUS, asymptomatic 
and symptomatic WM by RT-qPCR 

Varettoni et al, Haematologica 2017 



Kyle et al, Blood 2003;102:3759-3764 

Probability of progression in 
patients with IgM-MGUS 

M protein 
concentration

Risk of 
progression

0.5 g/dl 14%

1.5 g/dl 26%

2.0 g/dl 34%

2.5 g/dl 41%



Probability of progression in patients  
with IgM-MGUS according to the 

MYD88 mutational status  

15% 

2% 

46% 

14%   

P=0.009 

Factor HR 95% CI P

MYD88 (L265P) 5.57 1.13-27.4 0.03

M-protein size 3.89 1.67-9.07 0.002

Multivariate analysis

Varettoni et al, Blood 2013; 122 :2284-2285





MYD88L265P: a novel marker for MRD 
detection?



Beyond MYD88 and CXCR4: 

the genomic landscape of WM 

Hunter et al, Blood 2014; 123: 1637-1745 

TP53 alterations are associated with 
- inferior OS 
- shorter time to treatment 

- shorter TTP after therapy 

 
Poulain et al, Clin Cancer Research 2017 



Pattern of somatic mutations  
in WM and IgM-MGUS patients 
IgM MGUS (n=57) WM (n=62)

Varettoni et al, Haematologica 2017

MYD88 mutations other than L265P:  
V217F (n=2) 
S219C (n=1) 
M232T (n=1) 



CXCR4 WHIM-like mutations in WM 

❖  WM is the first cancer with reported CXCR4 somatic mutations

❖  Over 30 nonsense (NS) or frameshift (FS) C-tail mutations 

❖  CXCR4 (S338X) mutation represent ~ 50% of all mutations 

❖  Similar to germline mutations typical of WHIM syndrome 

Hunter et al, Blood 2014; 123: 1637-1745 



CXCR4 mutations in WM and IgM-MGUS  
Reference Method WM IgM-MGUS

n. pts % of CXCR4 
mutated pts

n. 
pts

% of CXCR4 
mutated pts

Treon et al, 2014  WGS/Sanger 177 29% - -

Roccaro et al, 2014* AS-PCR for S338X 
(C1013G)

131 28% 40 20%

Schmidt et al, 2015* Sanger 47 36% - -

Xu et al, 2016* Sanger/AS-PCR for 
S338X (C1013G and 
C1013A)

102 untreated
62 treated

43%
34%

12 17%

Poulain et al, 2016 Sanger/NGS 98 25% -  -

* These studies included also MZL patients with a prevalence of CXCR4 mutations of 5-7% 
   No CXCR4 mutations were found in CLL, MM, IgA and IgG MGUS, HCL and healthy subjects 

Treon et al, Blood 2014; Roccaro et al, Blood 2014; Schmidt et al, Br J 
Haematol 2015; Xu et al, Br J Haematol 2016; Poulain et al, CCR 2016 



CXCR4 è  C-X-C chemokine receptor type 4



Clinical significance of  
CXCR4 mutations in WM 

Disease presentation 
» higher IgM levels1,*2 

» higher incidence of  hyperviscosity1* 

» higher BM infiltration1* 

» lower PLT,2,3 Hb,3 WBC3 count 
» less adenopathy1,3                           

Clinical resistance to Ibrutinib4 

Outcome 
•  No impact on OS1,2 

1 Treon SP et al, Blood 2014; 123: 2791-96 
2 Poulain S et al, Clin Cancer Res 2016; 22: 1480-88 
3 Schmidt J et al, Br J Haematol 2015; 169: 795-803 
4 Treon SP et al, NEJM 2015; 372: 1430-40 

*CXCR4/NS 



Treatment-free survival in asymptomatic WM 
patients according to CXCR4 mutation status 

Varettoni et al, Haematologica 2017

CXCR4 CXCR4 and MYD88



MYD88WT and/or CXCR4WHIM 
predict resistence to

 ibrutinib, idelalisib and 
temsirolimus

Roccaro AM et al., Blood 2014



Roccaro AM et al., Blood 2014

CXCR4WHIM cells are sensitive to proteasone 
inhibitors 





A	ddPCR	strategy	for	MYD88L265P	muta:on	detec:on	in	
Waldenström’s	macroglobulinemia	

ddPCR MYD88 GENE 
PROBE-WT  

PROBE-MUT  

MUT	35%	

3,5%	

0,35%	

0,035%	

0,0035%	

Sensitivity 5.00 E-05 

Drandi D et al, Haematologica 2018 
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MYD88L265P	QUANTIFICATION		
BM	vs	PB	vs	PLASMA	cfDNA		

MYD88WT 

MYD88L265P 

32 BM-PB-cfDNA Paired samples 

BM/PB concordant 22/32 (69%) 

BM/ctDNA concordant 29/32 (90%) 

PB/ctDNA concordant 21/32 (66%) Drandi D et al, Haematologica 2018 
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URINARY cell-free nucleic acids
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p	<	0.001	
p	<	0.0009	

p	<	0.0004	

p	=	0.7	

Ferrero S et al., IWWM9 2016 
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§  No clear cut-off in the size of monoclonal 

component between WM and IgM-MGUS 

§  Overlapping clinical and phenotypic features of WM 

and other B-cell secreting LPD (especially MZL) 

§  MYD88 (L265P) mutation highly recurrent but not 

restricted to WM 

§  Mutations of CXCR4 are present only in 25-30% of 

WM patients and are not a hallmark of the disease 

          

Rationale: WM diagnostics 

Bone marrow biopsy still necessary for the diagnosis 



§  MRD negativity is a strong predictor of outcome, both by RT-

qPCR (FL and MCL) and by MFC (MM) 

§  Due to high prevalence at diagnosis, MYD88 represents a suitable 

marker for MRD assessment  

§  After treatment, MYD88 (L265P) is detectable by RT-qPCR only 

on BM samples not allowing disease monitoring on PB samples 

§  ddPCR has higher sensitivity over RT-qPCR (5 x 10-5 vs 1 x 10-3) 

and is feasible also on cf-DNA recovered from plasma and urine 

even in diseases with infrequent leukemization 

§  8-color MFC has higher sensitivity as compared with 4-color MFC 

(more than 1 x 10-4) 

Rationale: MRD assessment 



Aims of the study 

u  Non-invasive diagnostics: assess whether a reliable diagnosis of 
WM and IgM MGUS is feasible on PB or plasma or urine by means 
of highly sensitive techniques (dd-PCR, MFC, NGS) overcoming 
the need of invasive procedures 

 
u  Minimal residual disease: assess MRD after treatment using dd-

PCR, MFC and IGH-based NGS and assess whether the 
achievement of MRD negativity translates into longer progression-
free survival 

 
u  Dynamics of clonal evolution: testing a panel of recurrent 

mutations by means of NGS in samples collected at different 
timepoints during the disease course 



Study design and patient population 

Study design 
•  Observational 
•  Retrospective and prospective 
•  Multicentric 
 
Patient population  
•  Patients with Waldenstrom’s Macroglobulinemia or IgM-monoclonal 

gammopathy of undetermined significance (IgM MGUS) 
 
Duration of the study 
l  22 months for enrollment + 2 years of follow-up from the enrollment of the last 

patient 
 
Sample size 
•  300 patients: 150 retrospective (learning cohort) and 150 prospective 

(validation cohort) 
 



Inclusion and exclusion criteria 

Inclusion criteria 
•  Diagnosis of Waldenstrom’s Macroglobulinemia (symptomatic or 

asymptomatic) or IgM MGUS according to criteria established during 
the second IWWM (Owen et al, Semin Oncol 2003) 

•  No prior treatment for WM  
•  Age >= 18 years 
•  Informed consent 
 
Exclusion criteria 
•  Prior treatment with immunotherapy and/or chemotherapy and/or novel 

agents 
•  Active HBV, HCV, HIV infection 



Biological studies and timepoints 

Genomic DNA cell-free DNA 

CD19+ MNCs Plasma 

Mutation analysis 
-  AS qPCR for MYD88 (L265P) 
-  Sanger sequencing of CXCR4 
-  Targeted deep sequencing (NGS) 
-  Droplet digital PCR 

Multiparameter 
Flow Citometry 

Clinical data 
- eCRF 

Study timepoints 
at diagnosis (BM, PB, urine) 
every 12 months (PB, urine) 
before & after therapy (BM, PB, urine) 
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Targeted deep sequencing for mutation discovery and evaluation of clonal evolution 
- 15-gene panel: MYD88, CXCR4, ARID-1A, KMT2D, TP53, PRDM1, CD79b, NOTCH2,  
TRAF3, MYBBP1A, HIST1H1E, CARD11, PLCγ2, BTK, KLF2 
- Will be performed at diagnosis and then every 12 months on 
                - Genomic DNA from BM CD19+ MNCs and cell-free DNA from plasma 
                - Cel-free DNA recovered from plasma  
-  PB CD19- MNCs will be used as control tissue 
- Validation with RT-qPCR for MYD88 (L265P) and Sanger for CXCR4 mutations 
 
Droplet digital PCR for MYD88 (L265P) and CXCR4 (S338X) 
- Will be performed at diagnosis and after therapy on: 
      - genomic DNA extracted from BM and PB CD19+ MNCs 
      - cell-free DNA from plasma and urine 
 
IGH-based NGS  
- Will be performed at diagnosis and after therapy on BM and PB CD19+ MNCs  

Mutational studies 



Multiparameter flow cytometry 

 
  
 
    
      
  
    

WM-MRD panel 

 WM-characterization panel 

FITC PE PERCP-Cy5.5 PE-Cy7 APC APCC750 BV450 OC515

cIgM CD56 CD5 CD19 CyK CyL CD38 CD45

Tube  FITC PE PERCP-Cy5.5 PE-Cy7 APC APCH7 BV450 OC515

1 CyIgM CyL CD3


CD19


CyK


CD38 CD20 CD45

2 CD23


CD10


CD79B


CD19 CD200 CD38


CD20


CD45


3 CD31 LAIR1 CD11c CD19 SIgM


CD38


CD20


CD45


4 CD103 CD25 CD22 CD19 CXCR5 CD38 CD20 CD45

5 CD62L CD39 DR CD19 CD27 CD38 CD20 CD45

6 CD81 CD117 CD138


CD19 CD56


CD38


CD20 CD45


FITC PE PERCP-Cy5.5 PE-Cy7 APC APCH7 BV450 OC515

CyIgM CyL CD3 CD19 CyK CD38


CD20 CD45


Paired BM and PB samples will be stained with the following 8-color panels at diagnosis, 
before and after therapy 

 WM-screening panel 












