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

     Lower risk but high risk 
    Amy E.   DeZern  
 Division of Hematologic Malignancies,  Sidney Kimmel Cancer Center at Johns Hopkins , Baltimore, MD 

   Risk strat i fi  ca tion is cru cial to the appro pri ate man age ment of most can cers, but in patients with myelodysplastic syn-
dromes (MDS), for whom expected sur vival can vary from a few months to more than a decade, accu rate dis ease prog-
nos ti ca tion is espe cially impor tant. Currently, patients with MDS are often grouped into higher - risk (HR) vs lower - risk (LR) 
dis ease using clin i cal prog nos tic scor ing sys tems, but these sys tems have lim i ta tions. Factors such as molec u lar genetic 
infor ma tion or dis ease char ac ter is tics not cap tured in the International Prognostic Scoring System – Revised (IPSS - R) can 
alter risk strat i fi  ca tion and iden tify a sub set of patients with LR - MDS who actu ally behave more like those with HR - MDS. 
This review describes the cur rent iden ti fi  ca tion and man age ment of patients with LR - MDS whose con di tion is likely to 
behave in a less favor able man ner than predicted by the IPSS - R.  

   LEARNING OBJECTIVES 
   •    Describe lim i ta tions of cur rently avail  able prog nos tic scor ing sys tems for patients with MDS 
  •    Discuss the cur rent sta tus of bio logic upstaging, spe cif   cally with respect to the lower  risk patient who may require 

treat ments usu ally admin is tered to higher  risk patients 
  •    Highlight the het ero ge ne ity in WHO  def ned treat ment  related MDS 
  •    Review which lower  risk patients by the IPSS  R may ben e f t from early con sid er ation of allo ge neic trans plant  

  Introduction 
 In myelodysplastic syn dromes (MDS), an opti mized under
stand ing of a patient ’ s risk (even out side of the prog nos ti
ca tion sys tems) is crit i cal as ther a peu tic strat e gies can vary 
from obser va tion of mild cytopenias or sup port ive treat
ments with trans fu sions through active che mo ther apy and 
even early allo ge neic hema to poi etic stem trans plan ta tion 
(  BMT). Here I con sider lower  risk (LR) dis ease to encom pass 
very low  , low  , and inter me di ate  risk categories assigned 
by the International Prognostic Scoring System – Revised 
(IPSS  R). 1  The inter me di ate  risk group in par tic u lar is het ero
ge neous with a sub stan tial pro por tion behav ing like higher 
risk (HR) with early dis ease pro gres sion and risk of death. 
Treatment  related MDS (tMDS) is another prog nos tic chal
lenge in the LR arena. 3  

 CLINICAL CASE 1 
 A 68  year  old woman was treated 15 years ago for breast 
ade no car ci noma includ ing adju vant che mo ther apy. Labora
tory val ues now reveal a plate let (PLT) count of 102    ×    10 9  / L, 
hemo glo bin (Hgb) of 8.2   g / dL, and white blood cell (WBC) 
count of 2.65    ×    10 9  / L with an abso lute neu tro phil count (ANC) 

of 0.82    ×    10 9  / L. Bone mar row biopsy spec i men exhib its hyper
cellularity, trilineage dys pla sia and 2 %  blasts, kar yo type with 
8 of 20 meta phases with chro mo some 21 loss, and next  
gen er a tion sequenc ing (NGS) reveal ing a    RUNX1  muta tion 
with var i ant allele fre quency (VAF) of 26 %  and a monoallelic 
TP53  muta tion with a VAF of 11 % . IPSS  R score is low risk at 
3 with 2 points for inter me di ate cyto ge net ics and 1 point for 
Hgb. She received a trans fu sion for ane mia at diag no sis. 

 CLINICAL CASE 2 
 A 69  year  old woman also was treated for breast can
cer with radi a tion ther apy at 50 Gy. She had new ane
mia (Hgb, 9.9   g / dL; PLTs, 359    ×    10 9  / L; and ANC, 1.6    ×    10 9  / L). 
A bone mar row biopsy spec i men was 30 %  cel lu lar with 
dysgranulopoiesis and ery throid dys pla sia. Blasts were 
1 % . Karyotype had 17 of 20 cell lines with tri somy 8 and a
DNMT3A  muta tion with a VAF of 41 % . IPSS  R score was low
risk at 2, with 2 points for inter me di ate cyto ge net ics only. 

 Current prog nos tic strat e gies are imper fect 
 The use of prog nos tic scor ing sys tems is com mon in many 
malig nant dis eases and impor tant for predicting the sur
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vival of indi vid u als, but these sys tems are often based on ret ro
spec tive patient data with het er og e nous treat ments and often 
incor po rate only a few salient clin i cal or bio log i cal fea tures that 
were sta tis ti cally sig nif  cant in a given model. Although the IPSS 
and its IPSSR1 (among oth ers) are use ful tools for clin i cal deci
sion mak ing (Table 1), these scor ing sys tems have draw backs 
and may fail to cap ture impor tant prog nos tic infor ma tion at the 
indi vid ual level.

The key lim i ta tion to the prog nos ti ca tion sys tems is their 
inabil ity to cap ture all  rel e vant biol ogy. For exam ple, cyto ge net ics 
is the only bio log i cal param e ter included in the IPSSR, and unfor
tu nately, although an IPSS revi sion incor po rat ing NGS molec u lar 
data is in devel op ment, this has yet to be reported. At the 2015 
meeting of the American Society of Hematology, Bejar et al2 from 
the International Working Group for Prognosis in MDS–Molecular 
Committee reviewed ana ly ses that showed somatic muta tions 
in MDS are asso ci ated with clin i cal fea tures and pre dict prog no
sis inde pen dent of the IPSSR. Bersanelli et al4 recently showed 
that inte gra tion of clin i cal data with NGS pro fl ing improves the 
accu racy of cur rently avail  able prog nos tic scores. The authors 
pro vided evi dence from another large, inter na tional data base 
that MDS could be clas si fed into 8 dis tinct sub types according 
to spe cifc geno mic fea tures.4 These sub groups do not cor re
late with mor pho logic categories defned by the cur rent World 
Health Organization (WHO) clas si f ca tion and displayed sig nif 
cantly dif fer ent clin i cal phe no types and out come.4

The IPSSR was based only on stan dard Gbanded meta phase 
karyotyping. A recent study exam ined wholegenome sequenc
ing (WGS) of patients with MDS or acute mye loid leu ke mia (AML) 
for fea si bil ity assess ment.5 Among 42 patients with MDS in this 
study, the con ven tional results (trans lo ca tions and copy num ber 
var i a tion) were con frmed in all  cases by WGS; nearly 25% had 
addi tional chro mo somal abnor mal i ties iden ti fed by WGS that, if 

incor po rated into IPSSR, would have altered the risk cat e gory.5 
Although I do know that a chro mo somal alter ation iden ti fed 
only by WGS has the same prog nos tic mean ing as that iden ti fed 
by meta phase karyotyping, I believe this sug gests fur ther need 
for eff cient incor po ra tion of addi tional cyto ge netic and molec u
lar data into prog nos tic scor ing sys tems.

CLINICAL CASES 2 (continued)
Patient 1 went on to receive 14 cycles of azacytidine. Transplant 
options were pur sued but no avail  able donor located. She 
remained red blood cell trans fu sion depen dent (RBCTD) with 
Hgb rou tinely below 8 g. Repeat mar row assess ment con tin ued 
to show LR fea tures; ther apy was not altered. She ulti mately 
progressed to AML 19 months after pre sen ta tion. Patient 2 has 
been followed with every 3monthly blood counts and bien nial 
mar row assess ments for 6 years with nearcom plete sta bil ity.

Patients 1 and 2 high light fur ther sig nif  cant clin i cal lim i ta
tion in the IPSSR: how to cat e go rize tMDS. About 15% of MDS 
are tMDS and gen er ally con sid ered at HR. These dis or ders are 
of clin i cal impor tance for patients and of grow ing aca demic 
inter est, espe cially as patients live lon ger due to more effec
tive ther a pies. With closer fol lowup, this cat e gory is likely to 
be the larg est increase in patients with “higherrisk” lowrisk 
MDS. The IPSSR cohort did not con tain any patients with tMDS, 
and the prog no sis of these patients is com pli cated by sev eral 
nonMDS fac tors, includ ing prior toxicities of ther apy (trans fu
sions, alloantibodies, organ lim i ta tions), as well as other med i
cal comorbidities. There is the com mon per cep tion that patients 
with tMDS have highrisk dis ease, regard less of IPSSR score, and 
there fore war rant aggres sive ther apy. Patient 2’s course would 

Table 1. Currently avail  able prog nos tic scor ing sys tems in MDS

System
Blood Marrow Patient

Comments
Hgb PLTs ANC Blasts Cyto Age Txn PS

IPSS + + + + + + Has been revised now (2012) using the same 
prog nos tic param e ters (num ber and depth or 
cytopenias, mar row blast per cent age [more gran
u lar] and kar yo type), was  able to reclassify nearly 
25% of lowerrisk MDS patients into a higherrisk 
cat e gory

WPSS + + + Time depen dent which is use ful over the course of 
patient’s dis ease

MDS LR + + + + + + May be applied spe cif  cally to lowerrisk dis ease 
with more var i ables

MDAPSS + + + + + + + Contains more clin i cal var i ables, espe cially age and 
trans fu sion bur den, which could upstage a patient

FPSS + + + Higherrisk dis ease and includes azacytidine
treated patients, likely is not use ful in lowerrisk 
patients, even for upstaging

IPSSR + + + + + + Used most com monly at diag no sis and for clin i cal 
trial eli gi bil ity, lim i ta tions discussed in text

The prog nos tic scor ing sys tems are listed in order of pub li ca tion with anno ta tions on the var i ables included and com ments on their use in lower 
risk dis ease.
Cyto, cyto ge net ics; FPSS, French Prognostic Scoring System; MDAPSS, MD Anderson Prognostic Scoring System; MDS LR, scor ing sys tem for 
patients with lowerrisk MDS; PS, per for mance sta tus; Txn, trans fu sions; WPSS, WHO ClassifcationBased Prognostic Scoring System.
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argue against this. According to the cur rent def  ni tion of the 
WHO, tMDS is defned by the his tory of receipt of che mo ther apy 
and/or radio ther apy for nonmyeloid malig nancy or med i cal con
di tion.6 This can not always allow for dis ease that may not truly 
be attrib uted to the pre vi ous ther apy (per haps in patient 2) as 
the dis ease behav ior is more akin to de novo MDS. Nonetheless, 
the IPPSR has been shown to be prognostically inad e quate in 
tMDS, as in patient 1.7 The US MDS Clinical research con sor tium 
reported shorter sur vival in tMDS than in de novo MDS, includ ing 
in LR patients.8 Zeidan et al8 ana lyzed out comes in 370 patients 
with tMDS to under stand the prog nos tic util ity of cur rent risk 
strat i f ca tion tools in tMDS. The over all sur vival (OS) of patients 
with tMDS was sig nif  cantly worse than those with de novo dis
ease (median OS, 19 vs 46 months).

The genet ics of tMDS has been inves ti gated to explain if 
their “risk het ero ge ne ity” (as displayed by both cases) might 
be par tially related to inad ver tent inclu sion of coin ci den tal sec
ond dis ease due to genetic pre dis po si tion.9 A his tory of ther
apy might mean there was clonal selec tion at some ances tral 
point, but the biol ogy is het ero ge neous, and some have more 
indo lent dis ease, as in patient 2. Previous can cer ther apy with 
radi a tion, plat i num, and topoisomerase II inhib i tors, as in patient 
1, pref er en tially selects for muta tions in DNA dam age response 
genes (TP53, PPM1D, CHEK2) in a recent large series.10 These lat
ter patients will likely all  behave in an HR fash ion, regard less of 
IPSSR, and should be treated more aggres sively with seri ally 
reassessment and alter ations to ther a peu tics. The man age ment 
of patients with tMDS remains chal leng ing, and care ful sur veil
lance and open ness to change ther apy as course dic tates—to 
lower inten sity or higher inten sity—are crit i cal.

CLINICAL CASE 3
A pre vi ously healthy 39yearold man sought treat ment for 
fatigue and cytopenias. He had no spleno meg aly. His total 

WBC count was 2.4 × 109/L, ANC was 1.36 × 109/L, Hgb was 
7.9 g/dL, and PLTs were 99 × 109/L. Marrow biopsy spec i men was 
95% cel lu lar with ery throid pre dom i nance, trilineage dyspoi
esis, and 3% blasts. There were 25% to 30% ring sideroblasts 
with a dif fuse increase in retic u lar fbro sis. His fnal diag no sis 
was MDS with ring sideroblasts and multilineage dys pla sia. His 
kar yo type was 46,XY, and NGS showed SF3B1 R625H with a VAF 
of 38% with out comutations to sug gest mye lo f bro sis. IPSSR 
score was inter me di aterisk dis ease at 3.5 with 1 for cyto ge net
ics, 1 for 3% blasts, 1 for Hgb less than 8 g, and 0.5 for PLTs less 
than 100 × 109/L.

Clinical lim i ta tions in use of prog nos tic scor ing sys tems also 
exist. Table 2 sum ma rizes addi tional poten tial poor prog nos tic 
fac tors in LR patients that fall out side the IPSSR. Grade 2 or more 
mar row fbro sis may worsen prog no sis of patients with MDS.11 
RBC trans fu sion depen dency is an inde pen dent poor prog nos
ti ca tor. Recently, Hiwase et al12 exam ined whether RBCTD adds 
prog nos tic value to the IPSSR. In a mul ti var i ate anal y sis, their 
cohort dem on strates that devel op ment of RBCTD at any time 
dur ing the course of MDS is asso ci ated with poor OS, inde pen
dent of IPSSR.12 The LeukaemiaNet MDS reg is try recently dem on
strated that a rel a tive PLT drop of more than 25% results in a 22% 
OS at 5 years.13 When the PLT drop is com bined with RBCTD at 
6 months from diag no sis, the OS is a stag ger ingly low 9%.13 This 
is a straight for ward and non in va sive way to pre dict evo lu tion 
to HR dis ease for LR MDS. The addi tion of the inter me di aterisk 
group to the IPSSR has also been a clin i cal chal lenge as it is 
most often con sid ered still LR yet is highly het ero ge neous. Ben
ton et al14 performed an anal y sis of 298 inter me di aterisk patients 
to assess HR fea tures. Age older than 66 years, periph eral blood 
blasts of 2% or more, and RBC trans fu sion were sig nif  cantly 
asso ci ated with infe rior sur vival.14 Patient 3 high lights sev eral of 
these issues.

Adverse molec u lar fea tures may “upstage” an LR patient
Most cases of MDS have 1 or sev eral somatic gene muta tions. 
SF3B1MUT is gen er ally con sid ered a favor able prog nos tic marker.15 

Table 2. Features in lower-risk MDS that sug gest higher-risk behav ior

MDS char ac ter is tic Feature asso ci ated with lesser prog no sis

Etiology of MDS Treatment related, can behave in a het er og e nous fash ion

Fibrosis in core biopsy Grade 2 or higher

Cytopenia Symptomatic neutropenia

Decrease in PLTs >25%

Ongoing RBC trans fu sion depen dence

Anemia or throm bo cy to pe nia refrac tory to trans fu sions

Karyotype Clonal emer gence of unfa vor able kar yo type

Somatic muta tions Multiple muta tions (≥3 somatic muta tions)

T53, RUNX1, ASXL1 muta tions

Absence of SF3B1 muta tion (espe cially in MDS with ring sideroblasts)

Multiple somatic muta tions

Inherited pre dis po si tion Patients with known germline var i ant in their dis ease may be less likely to 
respond to tra di tional ther a pies and require stem cell ther apy sooner

Treatment response Primary treat ment fail ure vs sec ond ary fail ure
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Despite this, SF3B1MUT MDS is het ero ge neous in its path o logic 
fea tures, treat ment responses, and clin i cal out comes,16 as in 
patient 3. Understanding this het ero ge ne ity is cru cial for dis
ease prog nos ti ca tion and man age ment, and it is rel e vant to a 
recent pro posal by the MDS International Working Group that 
SF3B1MUT MDS should be clas si fed as a dis tinct noso logic enti
ty.15 Although his tor i cally, SF3B1MUT gen er ally rep re sents indo lent 
dis ease in LR MDS, comutation with RUNX1 and EZH2 has been 
asso ci ated with a worse prog no sis.15

The inde pen dent poor prog nos tic value of many somatic 
muta tions, includ ing ASXL1, SRSF2, RUNX1, and TP53, has been 
established ret ro spec tively.17 The inte gra tion of these unfa vor
able muta tions in spe cifc scor ing sys tems for LR MDS has been 
reported. In addi tion, an increased num ber of muta tions pres ent 
in a sin gle patient also sug gests a less favor able out come.18

Of par tic u lar impor tance is the TP53 muta tion. Specifcally, 
this is pres ent in 20% of cases of LR MDS with iso lated dele tion 
5q minus syn drome (del5q; but rare in other LR MDS) and asso ci
ated with an HR of AML and poorer sur vival.19 However, a recent 
study ana lyzed more than 3000 patients with MDS for TP53 
muta tions and alle lic imbal ances.19 Onethird of TP53mutated 
patients had monoallelic muta tions, whereas twothirds had mul
ti ple mutations con sis tent with biallelic targeting. Established 
asso ci a tions with com plex kar yo type, few cooccur ring muta
tions, highrisk pre sen ta tion, and poor out comes were spe cifc to 
multihit patients only. Interestingly, monoallelic patients did not 
dif fer from TP53 wildtype patients in out comes and response to 
ther apy in this series.19 Nonetheless, most still use the pres ence 
of TP53 muta tion (even monoallelic) to upstage LR dis ease given 
its long asso ci a tion with adverse out comes, as in patient 1.

CLINICAL CASE 3 (Con tin ued)
Four months after diag no sis, the patient remained well, but blood 
counts were lower and treat ment warranted for cytopenias, 
despite still inter me di ate risk by IPSSR on repeat mar row. Con
cern for his MDS diag no sis at age less than 40 years prompted 
deeper genetic assess ment. Ultimately, a germline pre dis po si
tion gene asso ci ated with mye loid malig nan cies was iden ti fed 
in the patient (and also in his brother and father) with the RTEL1 
muta tion. He then under went unre lated donor BMT with nor mal 
counts and full donor chi me rism with out com pli ca tions at 1 year.

Inherited pre dis po si tion to MDS may alter 
risk assess ment
Inherited var i ants are rec og nized increas ingly as predisposing  
patients to MDS, and germline sus cep ti bil ity to mye loid malig nan
cies is included in the lat est WHO clas si f ca tion of hema to poi etic 
malig nan cies. Moreover, clin i cal guide lines now call for assess
ment of germline pre dis po si tion at MDS diag no sis.20,21 A recent 
series showed that the fre quency of germline var i ants in adults 
aged 18 to 40 years diag nosed with MDS is high (con sis tent with 
other reports), and the asso ci ated germline syn drome is often not 
appar ent from the patient’s med i cal or fam ily his tory.22 Patient 3, 
with his youn ger age, illus trates this need for deeper genet ics 
assess ment. These patients may behave in a vari ety of ways with 
HR man i fes ta tions; coexisting somatic muta tions are not uncom
mon in these patients.23 There are also many ben e fts of realtime 

dif fer en ti a tion to inherited pre dis po si tion beyond poten tial bio
logic under stand ing of increased risk fea tures to LR dis ease.20

Outcomes in LR dis ease with cur rently avail  able ther a pies
Figure 1 depicts many of the stan dard treat ments24–27 often em
ployed in LR dis ease, regard less of HR fea tures, as well as fre quent 
need for reassessment if response to treat ment is not pos i tive. Al
though hypomethylating agents (HMAs), such as azacitidine and 
decitabine, and lenalidomide (LEN) are not approved in many 
countries for LR dis ease, the focus here is on drugs for con sid
er ation in our patients and the avail  able data in the lit er a ture. 
For throm bo cy to pe nic LR patients, eltrombopag is mod estly 
clin i cally effec tive in rais ing PLT counts and reduc ing bleed ing 
events.28 It is not cur rently approved for MDS and not yet known 
if it will be safe. The assess ment of longterm safety and eff cacy 
of eltrombopag and its effect on sur vival (phase 2 part of study) is 
still ongo ing28 and likely will be held to a high stan dard to ensure 
no increased clonal evo lu tion. Romiplostim has also been stud ied 
in MDS and reduces PLT trans fu sions and bleed ing events with 
good OS with out increas ing rates of AML.29 Clinical tri als of novel 
ther a pies in LR dis ease, such as imetelstat,30 may yet be  able to 
mod ify dis ease risk and change the nat u ral his tory.

Prebet et  al. have looked at out comes posttreatment with 
LEN in LR MDS with and with out del5q.31,32 In patients with del5q, 
OS fol low ing LEN fail ure was a mere 23 months,31 whereas in  
nondel5q, it was 43 months.32 LEN resis tance in del5q is also 
asso ci ated with a high risk of AML and a 5year prob a bil ity of 
sur vival of only 25%.31 For nondel5q, sub se quent ther apy with 
HMAs was asso ci ated with a prolonged sur vival com pared with 
best sup port ive care (median OS, 51 vs 36 months, P = .01).32 This 

Figure 1. Therapeutic paradigm in LR MDS. MDSRS, myelodys
plastic syndrome with ring sideroblasts.
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sug gests an early switch to HMAs in LENresis tant patients is 
rea son able. The time to resis tance or fail ure of ther apy varies in 
the lit er a ture, but a trial prob a bly should be no lon ger than 16 
weeks for nondel5q patients as more than 90% of respond ers 
were seen in the phase 3 MDS005 trial after those 4 cycles.25 
In the same study, the authors explored gene muta tions and 
response to LEN.33 The ana ly ses revealed that patients with 4 or 
more muta tions were more likely to have a high serum eryth ro
poi e tin (EPO) level (>500 mU/mL); in addi tion, high serum EPO 
level was asso ci ated with the pres ence of muta tions in any of 
5 genes asso ci ated with poorer out comes in the Bejar et al34 
anal y sis (ASXL1, ETV6, EZH2, RUNX1, and TP53). Taken together 
with the observed asso ci a tion between ASXL1 muta tions and 
low response rate to LEN, this pro vi des fur ther insight into pre
vi ous data that high base line EPO level pre dicts for non re sponse 
to LEN in these LR patients.25,33 Finally, even in LR patients, non
re sponse to HMAs was asso ci ated with a median sur vival of 17 
months in a US MDS con sor tium study,35 which cor re lates with 
increas ing num ber of muta tions.36 Thus, response to all  lines of 
ther apy in LR MDS should also be con sid ered for tran si tions of 
ther apy. Clinical tri als should also always be con sid ered. Increas
ingly, tri als for patients with MDS include a clause for eli gi bil ity 
that allows for upstaging, such as “patients with inter me di ate 
risk by RIPSS with highrisk molec u lar fea tures includ ing TP53, 
ASXL1, EZH2, and/or RUNX1 muta tions are also eli gi ble.” I believe 
this is a rea son able prac tice to apply broadly.

Consideration of allo ge neic trans plan ta tion (BMT) in LR 
dis ease
Historically, BMT has been reserved for patients with HR MDS, 
given its poten tial cura tive ben e ft is off set by the mor bid ity and 
mor tal ity that can result from the pro ce dure.37,38 Nonetheless,  
efforts have been made to weigh the toxicities of this “higher 
risk, higher reward” pro ce dure in LR MDS, and many LR patients 
are offered BMT. The National Comprehensive Network Guide
lines and other con sen sus guide lines rec om mend BMT for pa
tients with MDS early in their dis ease if they have inter me di ate 2 
or highrisk cat e gory per the IPSS and later dur ing their dis ease 
course (prior to AML pro gres sion) if they have LR dis ease.

Although no pro spec tive series exist cur rently, there are 
reported out comes of BMT in LR patients included in many  
ret ro spec tive series.39–43 Only 1 ded i cated ret ro spec tive study 
reviewed out comes in LR patients, and the results were not 
encour ag ing.42 In a study of patients who under went trans plan ta
tion between 2000 and 2011 by the European Society for Blood 
and Marrow Transplantation (EBMT), 246 IPSS lowrisk (21%) or 
inter me di ate 1 (79%) patients had a 3year OS and PFS of 57% 
and 54%, respec tively. There was a high nonrelapse mor tal ity 
at 30%. The best out come was seen in patients who received 
periph eral blood stem cells and had a matched related donor, 
although alter na tive donors were rel a tively rare. The con di tion
ing reg i men inten sity and patient age did not appear to influ ence 
out come in this het er og e nous series.42 In a series from Asia, LR 
patients had a sig nif  cantly bet ter out come than HR patients.43 
Prognosis was also sig nif  cantly influ enced by the genetic risk. 
LR patients who dis play HR fea tures such as a com plex kar yo
type or TP53 muta tions do poorly, whereas LR 5q minus patients 
had an OS of about 40%.43 Additional expla na tions of incor po
ra tion of bio logic data into BMT out come ana ly ses are seen in a 
large series from the Center for International Blood and Marrow 

Transplant Research. The authors reported 1514 patients with 
MDS who under went trans plan ta tion, of whom 116 were con sid
ered LR. These patients were con sid ered favor able, with an age 
at trans plant from less than 1 year to less than 40 years, no tMDS, 
no TP53 or Ras path way gene muta tion, no throm bo cy to pe nia, 
and mar row blasts less than 15%.40 Although not a clas si cal def  ni
tion of LR patients, this cohort of chil dren and young adults had a 
favor able 3year OS of 82%.40 The sup ple men tary data review OS 
curves by IPSS spe cif  cally and sug gest that lowrisk and inter me
di ate 1 patients with out TP53 muta tions have an OS at 3 years of 
approx i ma tely 50%.

To aid in deci sion mak ing, some series from the EBMT and 
Center for International Blood and Marrow Transplant Research 
have devel oped scor ing sys tems or deci sion mod els that adjust 
to indi vid ual patient risk. Although not spe cifc to LR patients, the 
molec u lar and other clin i cal fea tures asso ci ated with less desir
able out comes can been seen. Both of these series had an OS in 
LR patients of about 70% at 3 years or 4 years.41,44 The Gruppo 
Italiano Trapianto Midollo Osseo e Terapia Cellulare reported a 
BMT Mar kov anal y sis on 1728 patients with MDS cat e go rized by 
the IPSSR. Similar to older ana ly ses, a sur vival advan tage was 
seen when delaying trans plant in very low and lowrisk patients, 
whereas post pone ment was del e te ri ous in inter me di aterisk 
patients.45 This is in keep ing with the cur rent approach to only 
con sider BMT in LR patients with dis ease evo lu tion or lack of 
response to pri mary treat ments. Patients with increased RBC 
needs, lack of response to HMAs, bone mar row fbro sis, HR 
molec u lar fea tures, and tMDS are asso ci ated with a poor prog
no sis, and early con sid er ation for BMT is often suggested.35,46,47 
Genomic fea tures are rel e vant for predicting sur vival after BMT, 
supporting the ratio nale to include this infor ma tion for trans plan
ta tion deci sion mak ing in MDS.48,49 Many of these fea tures would 
have been appli ca ble in both patients 1 and 3.

Additional data includ ing pro spec tive stud ies, poten tially 
with a ran dom ized design com pared with the cur rent stan
dard of delaying BMT, and includ ing a wider donor pool with 
haploidentical donors are needed for an improved under stand
ing and estab lish ment of the BMT approach for LR patients. An 
ongo ing pro spec tive nonrandomized trial in France is enroll
ing patients with LR dis ease and at least 1 highrisk fea ture 
(NCT02757989), and results will be use ful to the feld. Nonethe
less, BMT remains the only poten tially cura tive option for MDS, 
and no options avail  able at pres ent seem to be  able to replace 
this path to poten tial cure; we must use this for patients when 
the risk/ben e ft pro fle is ratio nal.

Conclusions
LR MDS is a het ero ge neous group of dis or ders. Currently avail 
able prog nos tic scor ing sys tems aid in risk strat i f ca tion but do 
not cap ture all  impor tant var i ables, and serial reassessment of 
the patient to fully clas sify indi vid ual risk is impor tant. The goal 
is a pro ac tive approach in all  LR patients to extend quan tity of 
life with qual ity through use of all  avail  able treat ments avail  able.
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