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MDS: BEYOND A ONE - SIZE - FITS - ALL APPROACH

     Molecular pre ci sion and clin i cal uncer tainty: 
should molec u lar pro fi l ing be rou tinely used 
to guide risk strat i fi  ca tion in MDS ?  
     Dan iel R.   Richardson  1  and  Amy E.   DeZern  2
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   This is a focused clinical vignette and review of the literature in MDS to discuss the application of molecular sequencing 
for risk stratifi cation in MDS. The authors utilize an exemplar patient case and explain the advantages and disadvantages, 
based on available data, of routine use of this testing for MDS patients.  

     LEARNING OBJECTIVES 
   •    Review the prog nos tic sig nifi   cance of muta tional pro fi les in MDS 
  •    Identify appro pri ate approaches to use molec u lar pro fi l ing for risk strat i fi  ca tion in MDS  

  CLINICAL CASE 
  A 67  year  old woman sought treat ment for pro gres sive 
fatigue ini tially attrib uted to car ing for her 18  month  old 
grand son. She was found to have pan cy to pe nia (hemo
glo bin of 10.2   g / dL, mean cell vol ume of 104 fL, plate let 
count of 77    ×    10 9  / L, and white blood cell count of 2.1    ×    10 9  / L 
with abso lute neu tro phil count of 0.7    ×    10 9  / L). Bone mar
row biopsy spec i men dem on strated trilineage dys pla sia 
with 1 %  blasts. Cytogenetics were 46,XX  [ 20 ] .   Interna
tional Prognostic Scoring System – Revised (IPSSR) risk 
cat e gory was low. Mutational test ing dem on strated muta
tions in  ASXL1  (var i ant allele frac tion  [ VAF ]  34 % ),  SRSF2
(VAF 42 % ),  TET2  (VAF 18 % ), and  SETBP1  (VAF 12 % ). Does 
this molec u lar pro fi le mod ify risk strat i fi  ca tion or man age
ment deci sions in this patient ?   

 Introduction 
 Myelodysplastic syn dromes (MDS) are a group of related 
hema to logic neo plasms that cause dys pla sia and inef fec tive 
hema to poi e sis and have a pro pen sity to prog ress to acute 
mye loid leu ke mia (AML). The diag no sis of MDS requires mor
pho logic dys pla sia in 1 or more cell lines and / or char ac ter
is tic cyto ge netic abnor mal i ties. Over the past decade, the 

devel op ment of next  gen er a tion sequenc ing (NGS) assays 
has allowed for the iden ti fi  ca tion of more than 50 dif fer ent 
recur rent driver gene muta tions that are asso ci ated with 
MDS. 1,2  Most patients with MDS will have at least 1 iden ti
fi ed somatic muta tion, whereas a typ i cal patient will har
bor a median of 2 or 3 driver muta tions. 3  NGS assays are 
increas ingly used in the diag nos tic eval u a tion of patients 
with  cytopenias. 4  Numerous stud ies have also eval u ated the 
prog nos tic sig nifi   cance of such muta tions. Best prac tices 
for inte grat ing molec u lar test ing into existing risk pre dic tion 
mod el ing have yet to be established, and sub stan tial clin i cal 
var i abil ity exists among prac tic ing hema tol o gists. 5  Here we 
review the cur rent evi dence for use of molec u lar pro fi l ing to 
guide risk strat i fi  ca tion in clin i cal prac tice. 

 Molecular pre ci sion 
 Several nota ble stud ies using NGS and high  through put 
sequenc ing have dem on strated the inde pen dent prog
nos tic sig nifi   cance of recur rent molec u lar muta tions in 
patients with MDS. Consistently iden ti fi ed driver mutant 
genes include muta tions involved in RNA splic ing ( SF3B1 , 
SRSF2 ,  U2AF1 , and  ZRSR2 ), DNA meth yl a tion ( TET2 ,  DN-
MT3A ,  IDH1 , and  IDH2 ), chro ma tin mod i fi  ca tion ( ASXL1  and 
EZH2 ), tran scrip tion reg u la tion ( RUNX1 ), DNA repair ( TP53 ), 
and sig nal trans duc tion ( CBL ,  NRAS , and  KRAS ). 6  
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Papaemmanuil et al1 sequenced 111 genes across 738 patients 
with MDS, chronic myelomonocytic leukemia, and MDS/mye lo
pro lif er a tive neo plasms. Mutations in SF3B1 (24%), TET2 (22%), and 
SFSF2 (14%) were most com mon, followed by ASXL1, DNMT3A, 
RUNX1, U2AF1, TP53, and EZH2. Mutations in TP53, U2AF1, RUNX1, 
SRSF2, IDH2, CUX1, ASXL1, and BCOR were neg a tively asso ci ated 
with over all sur vival (OS), whereas muta tions in SF3B1 were asso
ci ated with improved OS. Leukemiafree sur vival was neg a tively 
asso ci ated with increased num ber of driver muta tions and cyto
ge netic abnor mal i ties.

Bejar et al7 in a study using NGS and mass spec trom e try–
based genotyping of 439 patients with MDS dem on strated that 
muta tions in 10 genes were asso ci ated with OS (TET2, ASXL1, 
RUNX1, TP53, EZH2, NRAS, JAK2, ETV6, CBL, and IDH2). Mutations 
in 6 genes (TP53, EZH2, ETV6, RUNX1, CBL, and ASXL1) neg a tively 
affected OS after adjusting for IPSS risk group and age. The pres
ence of a TP53 muta tion had the larg est inde pen dent asso ci a tion 
with sur vival among muta tions (haz ard ratio, 2.48).

Haferlach et al3 used highthrough put deep sequenc ing of 
104 genes to ana lyze the geno mic and clin i cal data of more 
than 900 patients with MDS. Twentyfive genes were iden ti fied 
to be asso ci ated with sur vival out comes on uni var i ate anal y sis. 
Only muta tions in SF3B1 were asso ci ated with an improved clin
i cal out come. Other recent ana ly ses con firm the impor tance of 
muta tions iden ti fied in these stud ies, high light ing the prog nos
tic value of spe cific muta tions inde pen dent of IPSSR.5,8

Variant allele fre quency is the per cent age of var i ant reads 
in the total num ber of reads (var i ant plus ref er ence reads) and 
is used to approx i mate the pro por tion of DNA mol e cules in 
the orig i nal spec i men that carry the spe cific var i ant. Tradition
ally, muta tions with a VAF of 5% or less are not thought to be 
clin i cally sig nifi  cant. More data are emerg ing that prog nos tic 
out comes asso ci ated with indi vid ual muta tions may be depen
dent on the VAF of muta tions, although this effect may be lim
ited to cer tain muta tions (such as TP53, TET2, and SF3B1).9–12 In 
TP53mutated MDS, for exam ple, increas ing VAF was asso ci ated 
with worse prog no sis, with an increase in haz ard ratio of 1.02% 
per 1% VAF increase.13 Patients with a low TP53muta tional bur
den (VAF <10%) and with out a com plex kar yo type may have out
comes bet ter than expected. Those patients with a high VAF are 
less likely to respond to hypomethylating agents.13

Molecular pro fil ing is also essen tial in esti mat ing risk for 
patients with clonal hema to poi e sis of inde ter mi nate poten
tial (CHIP) and clonal cytopenia of unde ter mined sig nifi  cance 
(CCUS), pre cur sor states to MDS. For exam ple, in patients with 
CCUS, muta tional sta tus is pre dic tive of risk of pro gres sion: 
muta tions in U2AF1, ZRSR2, SRSF2, JAK2, or RUNX1 are asso ci
ated with a high risk of pro gres sion to MDS (as high as 80%
90% at 5 years), whereas iso lated muta tions in TET2, ASXL1, and 
DNMT3A are asso ci ated with a lower risk of pro gres sion (~50% 
at 5 years).14 Similar to find ings in MDS, emerg ing data have dem
on strated that dif fer ent muta tional pat terns and VAF val ues are 
likely impor tant in predicting over all risk in CHIP and CCUS.15

Although iden ti fi ca tion of somatic muta tions by NGS is an 
impor tant step for ward in risk strat i fi ca tion for patients with MDS, 
indi vid ual muta tions are only a part of a more com plex land scape 
of geno mic abnor mal i ties that drive pathol ogy and deter mine 
out comes. Using the same cohort of 944 patients men tioned 
above, Haferlach et al3 pro posed novel prog nos tic mod els incor
po rat ing genetic data that strat ify patients into 4 prognostically 
dis tinct sub groups. These mod els con sis tently outperformed 

IPSSR, dem on strat ing the fea si bil ity and impor tance of incor po
rat ing molec u lar data into prog nos tic mod els. By apply ing com
pu ta tional approaches to large inter na tional data bases, Bersanelli 
et al16 explored the com plex ity of mul ti ple coexisting muta tions 
and iden ti fied 8 prognostically dis tinct “geno mic sub types” of 
MDS such as MDS with TP53 muta tions and/or com plex kar yo
type, MDS with AMLlike muta tional pat terns, and SRSF2related 
MDS. Furthermore, by inte grat ing 63 clin i cal and geno mic var i
ables, the authors were  able to develop a model to gen er ate an 
esti mated per son al ized prob a bil ity of sur vival, which also sig nifi 
cantly improved upon IPSSR prog nos ti ca tion. Such approaches 
likely bet ter rep re sent the dis ease biol ogy in MDS, but fur ther 
work needs to be done to dem on strate the util ity of such com
plex risk strat i fi ca tion sys tems for clin i cal deci sion mak ing.

Clinical uncer tainty
Despite the remark able tech no log i cal prog ress that has en
abled rapid molec u lar pro fil ing of patients with MDS and pre
cur sor states, sub stan tial clin i cal uncer tainty remains about 
how to apply molec u lar data to indi vid ual patients. Numerous 
prog nos tic mod els have already been val i dated for use in MDS 
and are in wide spread use, includ ing the IPSS, MDS WHO 
Classificationbased Prognostic Scoring System (WPSS), LowerRisk 
Prognostic Scoring System (LRPSS), Global MD Anderson Prog
nostic Scoring System (MDAPSS), French Prognostic Scoring 
System (FPSS), and IPSSR, among oth ers. Multiple novel mod els 
have been pro posed that seek to com bine existing prog nos tic 
scor ing sys tems with muta tional data from emerg ing stud ies.1,3,16 
Clinical use of these advanced mod els incor po rat ing genetic 
data is cur rently lim ited due to the com plex ity of the mod els 
and the lack of fur ther val i da tion stud ies. A stan dard scor ing sys
tem incor po rat ing molec u lar data and clin i co path o logic data 
remains to be established.

The lack of an accepted prog nos tic scor ing sys tem incor
po rat ing molec u lar data makes prog nos ti ca tion for indi vid ual 
patients par tic u larly chal leng ing. Hematologists already face the 
chal lenge of deter min ing which existing risk pre dic tion model 
best applies to each patient; the addi tion of molec u lar pro fil
ing adds yet another layer of com plex ity and clin i cal uncer
tainty. Multiple ques tions remain: Are the adverse effects of 
muta tions on out comes uni form across stan dard ized risk mod
els? Are they uni form across risk categories? Is there a ceil ing 
effect to adverse prog nos tic fac tors? For patients with mul ti ple 
muta tions iden ti fied, how should risk be esti mated? Multiple 
stud ies have dem on strated the adverse effect of hav ing mul ti
ple coexisting muta tions.1,3,7 Should this “comutation” effect be 
thought of in par al lel or in sequence to the effect of indi vid ual 
muta tions? These ques tions, along with many oth ers, remain to 
be addressed to improve risk strat i fi ca tion for patients with MDS.

Implications for clin i cal prac tice
Although the use of molec u lar pro fil ing adds com plex ity to prog
nos ti ca tion and obtaining NGS is often hin dered by the lack of 
insur ance cov er age, we sug gest com plet ing molec u lar pro fil ing 
on all  patients suspected or con firmed to have MDS. The rea son 
for this is straight for ward: in some patients, molec u lar pro fil ing 
will sub stan tially change man age ment. For the patient men tioned 
above, although IPSSR risk is low, sev eral fea tures of the molec u lar 
pro file are impor tant. The ASXL1 muta tion, assum ing it is a canon
i cal muta tion resulting in a read ing frame shift, has been shown 
to be asso ci ated with worse out comes inde pen dent of IPSSR.7 

D
ow

nloaded from
 http://ashpublications.net/hem

atology/article-pdf/2021/1/435/1852132/435richardson.pdf by guest on 27 April 2024



Routine molec u lar pro fil ing in MDS for risk | 437

Furthermore, the fact that 4 onco genic muta tions were iden ti fied 
also por tends worse out comes. The median leu ke miafree sur vival 
for patients with 4 iden ti fied muta tions was only 18 months in the 
study by Papaemmanuil et al.1 So, although by IPSSR, this patient 
is low risk (esti mated OS of 5.3 years and leu ke miafree sur vival of 
10.8 years), the molec u lar pro file should prompt more fre quent 
clin i cal mon i tor ing and make con sid er ation of early ther apy rea
son able, includ ing dis cus sions of an allo ge neic stem cell trans
plant can di dacy. Several addi tional sce nar ios require men tion ing.

Upstaging lower-risk dis ease
Patients with lowerrisk MDS often expe ri ence longterm sur
vival with out the need for aggres sive ther apy such as allo ge
neic hema to poi etic cell trans plant. The iden ti fi ca tion of patients 
who are higher risk for dis ease com pli ca tions is impor tant to 
guide ther a peu tic deci sions. In a large anal y sis of patients pre
dicted to have lowerrisk MDS by MDSLR, the iden ti fi ca tion of 
a muta tion in EZH2 predicted worsethanexpected out comes 
after adjusting for mul ti ple rel e vant covariates.17 Similarly, the 
find ing of a muta tion with an inde pen dent poor prog nos tic sig
nifi  cance, includ ing ASXL1, SRSF2, ETV6, RUNX1, and TP53, in 
patients should prompt con sid er ation of ear lier ini ti a tion of dis
easemod i fy ing ther apy and/or closer clin i cal mon i tor ing as in 
the case above. Furthermore, the iden ti fi ca tion of a muta tion in 
NPM1 (~4% of cases) has been asso ci ated with an aggres sive dis
ease course and rel a tively rapid pro gres sion to AML often with
in 12 months of diag no sis.18 Treating patients with NPM1 muta
tions sim i lar to patients with AML with inten sive che mo ther apy 
and allo ge neic stem cell trans plant has been asso ci ated with 
improved out comes.19 Similarly, FLT3 muta tions, which are less 
fre quent in MDS com pared with AML (~2% vs 35%), are asso ci
ated with a com plex kar yo type and a more rapid pro gres sion to 
AML, although the data are mixed.20–22 The iden ti fi ca tion of a new 
FLT3-ITD muta tion at the time of pro gres sion from MDS to AML is 
asso ci ated with dis mal out comes (1 month median OS).23

SF3B1-mutated MDS
SF3B1muated MDS is often con sid ered a dis tinct sub type of 
MDS with an indo lent course.24 SF3B1 muta tions have a pos i
tive prog nos tic value on OS and risk of pro gres sion. This favor
able effect on prog no sis is inde pen dent of IPSSR for very low 
and low IPSSR categories but is not retained for high or very 
highrisk groups.24 Comutations medi ate this effect. Mutations in 
epi ge netic reg u la tors, includ ing TET2, DNMT3A, and ASXL1, do 
not appear to affect sur vival of patients with an SF3B1 muta tion, 
whereas RUNX1 and EZH2 muta tions have a sig nifi  cant asso ci a
tion with increased risk of dis ease pro gres sion and decreased 
OS inde pen dent of IPSSR.24,25

The pres ence or absence of a TP53 muta tion
The adverse prog nos tic effect of TP53 muta tions in MDS has 
long been rec og nized. In patients with an iso lated dele tion in 
5q, 20% of patients har bor a TP53 muta tion that con fers a higher 
risk to AML pro gres sion, worse OS, and early pro gres sion in lena
lidomidetreated patients.26 TP53 muta tion sta tus also appears 
crit i cal to medi ate the adverse effect of a com plex kar yo type. 
Patients with a com plex kar yo type with out a TP53 muta tion 
have sig nifi  cantly bet ter sur vival than would be suggested from 
prog nos ti ca tion based on karyotyping alone.27 In both cases, the 
pres ence or absence of a TP53 muta tion could sub stan tially al
ter clin i cal man age ment. Specifically, we would highly con sider 

enroll ment in a clin i cal trial for patients with a com plex kar yo
type and a TP53 muta tion due to recently emerg ing encour ag ing 
results of small mol e cules that induce apo pto sis in TP53mutated 
cells such as APR246. Response rates of more than 70% with a 50% 
com plete remis sion rate were shown in 29 patients with MDS 
receiv ing APR246 on the phase 1b/2 trial.28

Targetable muta tions
Although there are cur rently no ther a pies approved by the US Food 
and Drug Administration that tar get indi vid ual muta tions in MDS, 
the iden ti fi ca tion of spe cific muta tions may make a patient eli gi ble 
for AMLstyle treat ments in which targeted agents are approved or 
for a clin i cal trial. Current ther a peu tic clin i cal tri als include patients 
with iden ti fied muta tions in TP53 (ClinicalTrials  .gov Identifier: 
NCT04638309), IDH1 (numer ous stud ies includ ing NCT03173248, 
NCT03503409, NCT03839771), IDH2 (NCT04522895, NCT03839771, 
NCT03383575), RUNX1 (NCT04874194), TET2 (NCT03397173), FLT3 
(NCT04493138, NCT04027309), CBL (NCT04493138), and mul ti ple 
muta tions (NCT02670525).

Existing chal lenges
Obtaining qual ity molec u lar pro fil ing on some patients remains 
a chal lenge. Many insur ance com pa nies deny cov er age for NGS 
assays or require prior autho ri za tion that may be dif fi cult to ob
tain. We encour age clear cod ing as MDS to help with bill ing cov
er age. A let ter of med i cal neces sity cit ing the National Compre
hensive Cancer Network guide lines may also be of use.

Some ref er ence lab o ra to ries are not rou tinely reporting VAF, 
which sub stan tially lim its the inter pre ta tion of data, and/or are 
not clearly delin eat ing whether indi vid ual muta tions are path o
genic. A con sen sus panel by the Association for Molecular Pathol
ogy with liai son rep re sen ta tion from the Amer i can College of 
Medical Genetics and Genomics, Amer i can Society of Clinical 
Oncology, and College of Amer i can Pathologists rec om mends 
a 4tiered reporting approach: tier I, var i ants with strong clin i cal 
sig nifi  cance; tier II, var i ants with poten tial clin i cal sig nifi  cance; tier 
III, var i ants of unknown clin i cal sig nifi  cance; and tier IV, var i ants 
deemed benign or likely benign.29 Importantly, according to the 
Amer i can College of Medical Genetics and Genomics guide lines, a 
var i ant of uncer tain sig nifi  cance should not influ ence clin i cal deci
sion mak ing. NGS may also iden tify a germline var i ant (eg, biallelic 
muta tion in CEBPA, RUNX1, or other genes often evidenced by a 
VAF of around 50%), which may have imme di ate prac ti cal impli
ca tions for donor selec tion if the patient is a trans plant can di date, 
and influ ence fam ily mem bers.30 Referral to a genetic coun selor is 
rea son able when germline muta tions are a con sid er ation.

Conclusion
In sum mary, we rec om mend the use of NGS to pro vide cli ni cians 
with addi tional infor ma tion for risk strat i fi ca tion for patients with 
MDS. Conclusive rec om men da tions of how to inte grate cur rent 
risk prog nos ti ca tion sys tems and molec u lar pro files can not be 
made based on the var i abil ity in data qual ity and het er og e nous ef
fects of muta tions on patients. Treatment deci sions must be made 
on a casebycase basis with ther apy aligned with patient pref er
ences. Increasingly, we are see ing the dem on stra tion of the asso
ci a tion between molec u lar pro files and clin i cal fea tures that can 
pre dict prog no sis inde pen dent of clin i cal scor ing sys tems. The 
devel op ment of val i dated prog nos tic mod els, induc ing molec u lar 
data, will bring great value to the field. Hopefully, we are not too 
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far away from this being a real ity. The International Working Group 
for the Prognosis of MDS and the MDS Foundation are progressing 
in the devel op ment of an inte grated clin i calmolec u lar data base 
that should sup port the devel op ment of “IPSSRMolecular.”

Recommendations
The rec om men da tions are labeled as either “strong” or “con di
tional” according to the GRADE approach.

(1)  For all  patients suspected of hav ing or con firmed to have 
MDS, the authors rec om mend molec u lar pro fil ing with NGS to 
iden tify rel e vant muta tions (strong rec om men da tion based 
on mod er ate cer tainty in the evi dence of effects).

(2) For patientpdfs found to have canon i cal muta tions in genes 
known to con trib ute to sur vival out comes (eg, SF3B1, ASXL1, 
SRSF2, ETV6, RUNX1, and TP53), the authors sug gest cli ni
cians incor po rate the poten tial addi tional risk into existing 
prog nos tic scor ing sys tems (con di tional rec om men da tion 
based on low cer tainty in the evi dence of effects).

(3) For patients who are eli gi ble based on molec u lar pro files, the au
thors sug gest cli ni cians should offer enroll ment in a clin i cal trial to 
patients (con di tional rec om men da tion based on low cer tainty in 
the evi dence of effects).

(4) For all  patients with MDS, the authors rec om mend assess
ing patient pref er ences to align treat ment rec om men da
tions with patients’ will ing ness to tol er ate risks for ben e fits 
(strong rec om men da tion based on mod er ate cer tainty in 
the evi dence of effects).
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