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Plasma cell specific cfDNA methylation patterns differentiate 

MGUS, SMM and MM and predict biochemical and clinical 

progression to MM:

Study presentation 

and 

A suggestion for the IsMMSG prospective clinical trial 
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MGUS AND SMM RISK FOR PROGRESSION

Lakshman et al. Blood Cancer Journal (2018) 8:59

Kyle et al. NEJM 356;25. 2582-2590

No biomarker that can 

differentiate among MGUS, 

SMM and active MM



ISTOPמחקר ה  MM



CASE STUDIES:
A 60 years old female, high TP 

found on a routine examination. 

No other abnormalities found.

 Has IgG/K of 2.5 gr/dl and FLC 

ratio of 30

What should be done now?

 BM showing 35% clonal plasma 

cells 

What should be done now?

 What are the progression into 

active MM chances? What is 

the progression rate?  How 

should we follow the patient? 

How frequently?

What if we did have a 

biomarker to predict 

progression and its rate

A 60 years old male, high TP 

found on a routine examination. 

No other abnormalities found.

 Has IgG/K of 1.0 gr/dl and FLC K 

45 L20 ratio of 2. 

 After 6 months FLC K 60 L20 and 

ratio increases to 2.5

What should be done now?

 BM ??

What should be done now?
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ראה תמונה בגודל מלא

PLASMA CELL SPECIFIC CF-DNA METHYLATION PATTERNS DIFFERENTIATE 

MGUS, SMM AND MM AND PREDICT BIOCHEMICAL AND CLINICAL 

PROGRESSION TO MM
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MGUS AND SMM RISK FOR PROGRESSION: 
DEFINING THE SCOPE OF THE CHALLENGE

 To date, there is no blood test that may differentiate among the PCD

 MGUS and SMM patients are monitored using a combination of blood markers (monoclonal 

protein and free light chain ratio), imaging, and require laborious and invasive measures such 

as bone marrow biopsies

 longitudinal assessments are the mainstay of monitoring for progression, and while clinical 

risk models are of aid, their applicability is limited, and prompt more frequent monitoring in 

clinical routine are sometimes necessitated



CELL FREE DNA AND METHYLATION PATTERNS

 DNA methylation patterns are a unique characteristic of each cell 

type, controlling gene expression, and can serve as a definitive 

biomarker for the presence of DNA derived from a given cell type

Moss et al   NATURE COMMUNICATIONS | (2018) 9:5068



Targeted detection of human cell death

Identify genomic 

regions with 

tissue specific 

methylation 

patterns

Fraction of molecules with 

tissue specific methylation 

pattern 

x cfDNA concentration 

= concentration of 

molecules from tissue

~rate of cell death. 

Extract DNA 

from plasma

Bisulfite 

convert 

cfDNA

PCR amplify + 

sequence x10k 

1-30 regions of 

interest

T U G A T

T C G A T

T C G A T

T C G A T



STUDY AIMS:

we hypothesized that :

 cfDNA methylation patterns analysis has the capacity to distinguish between MGUS, SMM 

and MM

 cfDNA methylation patterns analysis has the capacity to predict MGUS and SMM progression



IDENTIFICATION OF SPECIFIC PLASMA CELL DNA METHYLATION MARKERS
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A heat map representing methylation states 

across 38 cell types based on Whole-Genome 

Bisulfite Sequencing (WGBS). Blue denotes 

methylation, yellow indicates unmethylation. 

7 targeted specific plasma cell methylation markers, assessed 

on genomic DNA from multiple tissues. Including memory B-

cells and plasma cells from normal bone marrow, MGUS and 

MM.

BONE MARROW Peripheral Blood PLASMA



PATIENT BASELINE CHARACTERISTICS BY PLASMA CELL DISORDER



PLASMA CELL DERIVED CFDNA IS ELEVATED IN MULTIPLE MYELOMA 

COMPARED TO SMOLDERING MYELOMA AND MGUS.
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correlation between the percentage of 

methylation-based plasma cell markers 

and flow cytometry of plasma cells 

from bone marrow

Comparative analysis of plasma-

derived cell-free DNA (cfDNA) levels 

across healthy controls (N=86), MGUS 

(N=54), SMM (N=28) and MM (N=36)

BONE MARROW PCs Peripheral Blood PLASMA



PLASMA CELL DERIVED CFDNA IS ELEVATED IN MULTIPLE MYELOMA 

COMPARED TO SMOLDERING MYELOMA AND MGUS.
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Short PC-cfDNA summary 

 Targeted methylation markers of plasma cells provide a non-invasive cfDNA biomarker that reliably 

reports on plasma cell involvement of the bone marrow, correlate with their aberrant phenotype, and 

allows to distinguish between healthy individuals and patients with MGUS, SMM and MM

PLASMA CELL DERIVED CFDNA IS ELEVATED IN MULTIPLE MYELOMA 

COMPARED TO SMOLDERING MYELOMA AND MGUS.



TARGETED CANCER SPECIFIC GENOMIC LOCI OF METHYLATION 

DISCORDANCE

Proportion of discordant reads as been proposed by landau et al (cancer cell,2014) as all epialleles 

that are not fully or unfully methylated (left panel). 

Our upgraded Proportion of Discordant Reads (PDR) metric includes epialleles that show 

inconsistency in two or more CpG sites. 

Black circles –methylated CpGswhite circles-non methylated CpGs



TARGETED CANCER SPECIFIC GENOMIC LOCI OF METHYLATION 

DISCORDANCE

a workflow for finding specific 

PDR regions from deep WGBS 

data and designing targeted 

markers accordingly 

A heat map representing methylation discordant reads across 26 cell 

types based on Whole-Genome Bisulfite Sequencing (WGBS) in 30X 

depth. 

Blue denotes low PDR orange indicates high PDR. 

BONE MARROW



TARGETED CANCER SPECIFIC GENOMIC LOCI OF METHYLATION 

DISCORDANCE

P
la
sm

a 
ce

lls
 N

or
m

al

P
la
sm

a 
ce

lls
  M

G
U
S

pl
as

m
a 

ce
lls

 M
M

E
ry

th
ro

cy
te

 p
ro

g.

Le
uk

oc
yt
es

m
on

oc
yt
es

B
-c

el
l

T c
el
l

P
la
te

le
ts

B
ra

in

B
re

as
t

C
ol
on

H
ea

rt

P
an

cr
ea

s
liv

er

cf
D
N
A

0.0

0.5

1.0

1.5

2.0

2.5

P
D

R
 c

u
m

u
la

ti
v
e

KLHL7

PDR9

DNAJC17

CRTC3

ASB7

DNAH6

PDR3

SH3BGRL2

CALD1

PDR8

B
M

 h
ea

lth
y

B
M

 M
G
U
S

B
M

 S
M

M

B
M

 M
M

0.00

0.05

0.10

0.15

PDR markers

a
v
e
ra

g
e
 P

D
R

✱✱

Background 
noise

✱

10 specific genomic loci 

that PDR was elevated 

only in sorted plasma 

cells from multiple 

myeloma 

compared to 12 other cell 

types including normal 

plasma cells and MGUS 

PDR specific markers were 

applied on DNA extracted from 

bone marrow aspirations of 

healthy, MGUS, SMM and MM 

Comparative analysis of PDR markers in cfDNA

across healthy controls (N=60). 

MGUS (N=55) , SMM (N=28) and MM (N=38)
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TARGETED CANCER SPECIFIC GENOMIC LOCI OF METHYLATION 

DISCORDANCE
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Short PDR summary 

 PDR markers of plasma cells provide a non-invasive cfDNA biomarker that reliably distinguishes active 

MM plasma cells in comparison with MGUS and SMM, and correlate with MM aberrant phenotype.

TARGETED CANCER SPECIFIC GENOMIC LOCI OF METHYLATION 

DISCORDANCE



PATIENT CHARACTERISTICS BY MEANS OF CLINICAL AND BIOCHEMICAL PROGRESSION



PLASMA CELL CFDNA AND PDR  IN CFDNA PREDICT PROGRESSION AND 

RATE OF PROGRESSION TO MULTIPLE MYELOMA: CLINICAL PD
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PLASMA CELL CFDNA AND PDR  IN CFDNA PREDICT PROGRESSION AND 

RATE OF PROGRESSION TO MULTIPLE MYELOMA: CLINICAL PD
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Kaplan–Meier plot illustrating a new scoring model where 

bone marrow aspiration is substituted with PC-cfDNA or PDR 



PLASMA CELL CFDNA AND PDR  IN CFDNA PREDICT PROGRESSION AND 

RATE OF PROGRESSION TO MULTIPLE MYELOMA: BIOCHEMICAL PD

correlation between biochemical progression to multiple myeloma and:

IMWG “2/20/20” risk stratification model plasma cell cfDNA levels (GE/ml) PDR fraction 

Correlation between the levels of 

plasma cell-derived cfDNA (GE/ml) 

and PDR fraction and the 

time to biochemical progression from 

the sample collection
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PLASMA CELL CFDNA AND PDR  IN CFDNA PREDICT PROGRESSION AND 

RATE OF PROGRESSION TO MULTIPLE MYELOMA: BIOCHEMICAL PD

Kaplan–Meier plot illustrating a new scoring model where 

bone marrow aspiration is substituted with PC-cfDNA or PDR 
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CFDNA METHYLATION PATTERNS RISK STRATIFICATION UTILIZING BINARY THRESHOLDS

COMPARISONS BETWEEN 2/20/20 RULE (HR) AND REPLACEMENT OF BMPC COMPONENT WITH 

CF-DNA METHYLATION PATTERNS



A MATHEMATICAL STATISTICAL REPEATED K-FOLD CROSS VALIDATION MODEL TO 

VALIDATE THE POWER OF PROGRESSION PREDICTION TO MULTIPLE MYELOMA: 

CLINICAL PD



Short cfDNA in relation to progression summary 

 plasma cell cfDNA and PDR, taken in a single blood sampling at 

diagnosis, proves to be a powerful noninvasive biomarkers that can predict 

biochemical and more importantly clinical progression from MGUS and 

SMM to MM

 cfDNA methylation- pattern markers can be combined with other routine 

blood PCD related biomarkers (i.e. 2/20 model: M protein and FLC ratio), to 

generate a non-invasive risk stratification model, avoiding the need for 

invasive bone marrow biopsies.

PLASMA CELL CFDNA AND PDR  IN CFDNA PREDICT PROGRESSION AND 

RATE OF PROGRESSION TO MULTIPLE MYELOMA



PDR ENTROPY CONCEPT



ENTROPY INCREASES IN MULTIPLE MYELOMA AND SERVES AS A PREDICTOR FOR 

PROGRESSION-INDICATING CLONAL VARIATION AND TURNOVER 
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ENTROPY INCREASES IN MULTIPLE MYELOMA AND SERVES AS A PREDICTOR FOR 

PROGRESSION-INDICATING CLONAL VARIATION AND TURNOVER 
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Short Entropy summary 

 Entropy as quantified in the plasma, allows to further distinguish among 

myeloma clones, refine the assessment for MGUS and SMM biochemical and 

clinical progression, and allows an insight into the complicated landscape of 

MM subclones

ENTROPY INCREASES IN MULTIPLE MYELOMA AND SERVES AS A PREDICTOR FOR 

PROGRESSION-INDICATING CLONAL VARIATION AND TURNOVER 



Conclusions

 Epigenetic liquid biopsies may eventually replace bone marrow biopsies, allowing the establishment of 

a unique, simple laboratory testing system, as a highly effective tool to screen patients with PCD in their 

diagnostic assessment.

 Epigenetic liquid biopsies may eventually predict MGUS and SMM clinical and biochemical 

progression to MM with an extremely high NPV.

 Moreover, it may have the potential to change the approach to clinical monitoring and longitudinal sampling 

of patients with MGUS and SMM that are at risk for progression. 

 Obviously, independent studies will be required as validation to establish this clinical utility. 

PLASMA CELL SPECIFIC CF-DNA METHYLATION PATTERNS DIFFERENTIATE MGUS, 
SMM AND MM AND PREDICT BIOCHEMICAL AND CLINICAL PROGRESSION TO 
MM
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A synopsis for
cfDNA prospective study to 

predict MGUS and SMM 
progression

Utilizing the cfDNA system for the evaluation and follow up of the newly 
diagnosed MGUS/SMM patient:

Validation of the previous study + in combination to a prospective 

decision cfDNA- guided follow up 



An independent study to establish cfDNA clinical utility. 

• Epigenetic liquid biopsies may replace bone marrow biopsies.

• Epigenetic liquid biopsies may predict MGUS and SMM clinical and biochemical progression to MM , with an 
extremely high NPV , and combined with clinical non invasive data (2/20 rule) a moderate PPV.

cfDNA guided follow up to validate its utility , and as a tool for outpatient follow up.

The guided FU has to be: 

a. Safe- i.e. does NOT miss a MDE

b. Effective- i.e. in low risk – will ease anxiety and in high risk – allow a timely 

intervention (without a high false positive rate that will elevate anxiety)

AIM:

1. Set a new standard for BM requirements

2. Validate an approach to clinical monitoring and requirements for  longitudinal 

sampling of patients with MGUS and SMM, in correlation to cfDNA.

3. The cfDNA guided follow up will prevent missing an MDE



Assess for eligibility: Patients with M protein with susp MGUS or SMM

NO clinical suspicion for MM*

* clinical suspicion for MM: 

M  > 1.5 gr/dl

FLC R > 8

Symptomatic

Abnormal laboratory 

features

Clinical suspicion for MM*

cfDNA guided follow up to validate its utility , and as a tool for outpatient follow up.

The guided FU has to be: 

a. Safe- i.e. does NOT miss a MDE

b. Effective- i.e. in low risk – will ease anxiety and in high risk – allow a timely 

intervention (without a high “false positive” rate that will elevate anxiety)

Primary hypothesis
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No PD to MM

No need for FU
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Need for 

moderate FU

PD to MM > 30%

but

No CRAB

Need for close FU
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Primary hypothesis

Assess for eligibility: Patients with M protein with susp MGUS or SMM
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* According to guidelines- no need for BM or LDCT
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Primary hypothesis

A

B

C

No PD to MM

No need for FU

No PD to MM

Need for 

moderate FU

PD to MM > 30%

but

No CRAB

Need for close FU

OUTCOMES

Neg cfDNA allows no need for FU

Pos cfDNA and no other risk requires low intensity 
follow up

(or possibly no need for FU)

Pos cfDNA + other risk factors requires close follow up.

Laboratory outcomes:

Validate the system

Establish which of all measurements PC-

cfDNA/ PDR / Entropy or combination has the 

best predictive value

Further workup and understanding of sub-

clonal diversity

Allow other ancillary studies of precursor 

state PCD

All pathways will 

not miss active 

MM or clinical PD

The guided FU of 

all pathways will 

prevent MDE

cfDNA to 
eliminate 

the BM 
biopsy at 
diagnosis

Important Measures
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