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ALL: NEW DIRECTIONS FOR ADULT PATIENTS

     MRD in adult Ph /  BCR - ABL  - neg a tive ALL: 
how best to erad i cate ?  
       Nicola   Gökbuget  
 Department of Medicine II, Hematology / Oncology, Goethe University, Frankfurt, Germany 

   Evaluation of min i mal resid ual dis ease (MRD) dur ing fi rst - line treat ment and after sal vage ther apy is part of the stan dard 
man age ment of acute lym pho blas tic leu ke mia (ALL). Persistent or recur rent MRD is one of the most rel e vant prog nos tic 
fac tors and identifi es a group of patients with resis tance to stan dard che mo ther apy. These patients have a high risk of 
relapse despite con tin ued fi rst - line ther apy. Although stem cell trans plan ta tion (SCT) is an appro pri ate strat egy, patients 
with high MRD show an increased relapse rate even after SCT. Approximately one - quar ter of adult ALL patients develop 
an MRD fail ure, defi ned as MRD above 0.01 %  after stan dard induc tion and con sol i da tion. The best time point and level 
of MRD for treat ment mod i fi  ca tion are mat ters of debate. In order to erad i cate MRD and thereby improve chances 
for a cure, new targeted com pounds with dif fer ent mech a nisms of action com pared to che mo ther apy are being uti-
lized. These com pounds include mono clo nal antibodies, chi me ric anti gen recep tor T cells, and molec u lar targeted com-
pounds. Essential fac tors for deci sion - mak ing, avail  able com pounds, and fol low - up ther a pies are discussed.  

   LEARNING OBJECTIVES 
   •    Understand the rel e vant fac tors for treat ment deci sions based on the indi vid ual course of MRD 
  •    Assess the avail  able approaches and their impact on response and over all out come  

  CLINICAL CASE 
  A 47  year  old woman with Philadelphia chro mo some (Ph  ) / 
BCR - ABL   neg a tive acute lym pho blas tic leu ke mia (ALL) 
received induc tion phase 1 and 2 che mo ther apy accord
ing to a pedi at ric  based reg i men (GMALL 08 / 2013 trial). 
After induc tion 1 she achieved a hema to logic com plete 
remis sion (CR). Minimal resid ual dis ease (MRD) test ing 
using quan ti ta tive poly mer ase chain reac tion (PCR) of 
clonal immu no glob u lin (Ig) / T  cell recep tor (TCR) rear
rangements (Ig / TCR  PCR) was conducted in a cen tral 
ref er ence lab o ra tory and revealed a level of 0.1 % . When 
MRD results became avail  able, the fi rst con sol i da tion had 
already been com pleted. The options for treat ment deci
sions in this sit u a tion are discussed.  

 Introduction 
 For more than 2 decades, MRD has been rou tinely mea
sured in patients with ALL and is now con sid ered the most 
impor tant prog nos tic fac tor in the dis ease. 1,2  MRD test
ing identifi es patients with insuf fi  cient responses to stan
dard che mo ther apy due to under ly ing dis ease biol ogy. 3

Whereas the rapid achieve ment of MRD neg a tiv ity is asso
ci ated with an excel lent prog no sis, the per sis tence of MRD 
dur ing stan dard ther apy for ALL is strongly asso ci ated with 
relapse despite con tin ued che mo ther apy. 4  MRD has been 
shown to be prog nos tic in pedi at ric and adult ALL, in all  
tra di tion ally defi ned risk groups, includ ing high  risk (HR) 
groups such as  KMT2A   pos i tive ALL, and in the con text of 
dif fer ent treat ment pro to cols. Due to its prog nos tic impor
tance, it is stan dard to mea sure MRD in all  adults with ALL. 

 Methods for MRD detec tion 
 Four approaches are rou tinely avail  able for MRD eval u a
tion in ALL: quan ti ta tive Ig / TCR  PCR, mul ti pa ram e ter fl ow 
cytom e try of leu ke mia  spe cifi c sur face mark ers (at least 
6 color), mea sure ment of Ig / TCR rearrangements based 
on next  gen er a tion sequenc ing, and real  time quan ti ta
tive PCR of  BCR - ABL  or other spe cifi c fusion genes. The 
tech niques, advan tages, and dis ad van tages of the dif
fer ent meth ods have been described else where. 5  If MRD 
mea sure ment is used as the basis for treat ment deci sions, 
sev eral pre req ui sites and stan dard i za tion steps should be 
fulfi lled ( Table 1 ). 
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The selec tion of opti mal mate rial for MRD test ing—ie, periph
eral blood (PB) or bone mar row (BM)—depends on the applied 
meth ods and aims of MRD detec tion. Whereas in Bcell pre cur
sor ALL (BCPALL) the MRD level in the PB tends to be lower than 
in the BM when eval u ated with Ig/TCRPCR, for early detec tion 
of upcom ing relapses the BM appears to be more suit able. In 
Tcell ALL (TALL) a strong cor re la tion exists between MRD lev els 
in the PB and BM, and there fore fol lowup tests for relapse iden
ti fi ca tion may rely on PB.8 The selec tion of mate ri als may change 
if more sen si tive meth ods for MRD test ing become avail  able.

The chances of iden ti fy ing a suit able marker through Ig/TCR 
PCR is around 95%, and about 90% of ALL patients dis play a 
leu ke miaasso ci ated phe no type.5 If the pre ferred method does 
not iden tify a clonespe cific MRD marker, alter na tive meth ods 
should be applied, such as flow cytom e try if pri mar ily Ig/TCR 
PCR was performed or vice versa. This effort may include the 
quan ti fi ca tion of spe cific chro mo some aber ra tions, such as 
KMT2A rearrangements.

Relevant fac tors for deci sion-mak ing
Time point
Making treat ment deci sions based on MRD fail ure at very early 
time points risks allo cat ing patients slower to respond to the 
stan dard ther apy to an HR group (with poten tial stem cell 
trans plan ta tion [SCT] indi ca tion). Using very late time points 
bears the risk that a sig nifi  cant pro por tion of patients with MRD 
fail ure will develop a hema to logic relapse before any action 
can be taken. In the GMALL tri als, the time point with the most 
prominent neg a tive prog nos tic impact regard ing MRD fail ure 
was after con sol i da tion 1, approx i ma tely 3 to 4 months after 
diag no sis, when all  rel e vant drugs had been admin is tered at 
least once (Figure 1).4 In other treat ment set tings, postinduc
tion and postearly con sol i da tion time points have been iden
ti fied as the most prog nos tic. It is impor tant to rec og nize that 
the most prog nos tic time point may dif fer according to reg i
men and intended treat ment deci sions.

Level of MRD
The level of blast cells dur ing firstline treat ment is a  con tin uum. 
Conventional cytomorphology can iden tify per sis tent lym
pho blasts pres ent at a level of approx i ma tely 5% or higher. 
Below 5% the more sen si tive MRD detec tion meth ods typ i
cally detect lym pho blasts to a level of 0.01%. Most reports 
on the prog nos tic impact of MRD on out come refer to the 
per sis tence of MRD at lev els of 0.01% to 5% sim ply due to the 
sen si tiv ity of the avail  able meth ods; the sig nifi  cance of per
sis tent MRD at lev els less than 0.01% is less clear. In addi tion 
to the clear cor re la tion between MRD level and relapse risk 
is a cor re la tion between MRD level and time to hema to logic 

Table 1. Prerequisites for MRD test ing as a basis for treat ment 
deci sions

Optimal mate rial •  Material from pri mary diag no sis (aspi rate, 
biopsy)

• Sufficient mate rial and blast con tent
• Selection of cor rect mate rial (PB/BM)

Skilled lab o ra tory • Experience (num ber of ALL cases)
• Participation in qual itycon trol rounds
• International stan dards for meth ods

Reporting of results • Timely and reli able reporting
• Results for each time point should include

○ Level of MRD
○ Sensitivity in case of a neg a tive result
○  Further spec i fi ca tion in case of non quan ti fi

able MRD

Terminology for 
MRD response

•  MRD response is eval u ated in patients with 
hema to logic CR

•  Clear defi  ni tion of results sim i lar to defi  ni tion of 
hema to logic CR6,7

MRD CR:
○  MRDneg a tive with a min i mum sen si tiv ity of 

0.01%
MRD fail ure:
○ MRDpos i tive ≥0.01%
MRD inter me di ate:
○ All other types of results, eg,
○ MRDpos i tive below 0.01%
○  Nonquantifiable but detect able MRD below 

0.01% (PNQ )
○ MRDneg a tive with insuf fi cient sen si tiv ity

Figure 1. Flow of MRD surveillance and treatment decisions (GMALL strategy).
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relapse.9,10 In the con text of the GMALL tri als, patients with 
MRD above 0.1% relapsed at a median of 4.9 months, while 
patients with MRD above 0.01% but less than 0.1% relapsed 
at a median of 7.6 months.4

Whereas MRD test ing based on flow cytom e try or next
gen er a tion sequenc ing usu ally does not pro vide sen si tiv ity or a 
quan ti fi able range of results at each time point, this is rou tinely 
pos si ble for Ig/TCRPCR. Thus, it becomes evi dent that a 
sig nifi  cant pro por tion of patients, around 25% tested with 
Ig/TCRPCR, do not meet the cri te ria of MRD CR or MRD fail ure 
(Table 1).11 The major ity of patients in this group have detect
able MRD below 0.01% or pos i tive, non quan ti fi able MRD (PNQ ). 
Since the quan ti fi able range is usu ally above 0.01%, PNQ is most 
fre quently MRD below 0.01%. The num bers in this “grayzone” 
group might be even larger when meth ods with higher sen si tiv
ity are applied.

Patients with an inde ter mi nate MRD response poten tially have  
an inter me di ate prog no sis com pared to those with MRD CR and 
MRD fail ure. For instance, over all sur vival (OS) in the GMALL tri
als was 83% for patients with an MRD CR, 43% for patients with 
an MRD fail ure, and 68% for patients with inter me di ate MRD.11 In 
pedi at ric ALL a cor re la tion between MRD level and sur vival was 
seen as well. The relapse risk ranged from 4% for neg a tive MRD, 
6% for MRD below 0.01%, and 8% for 0.01 to 0.1% to 16% for MRD 
between 0.1 and 1%.10

Thus, the level of MRD mat ters for MRDbased treat ment 
deci sions (Figure 1). Whereas patients with MRD fail ure may 
qual ify for targeted ther a pies and/or SCT, patients with PNQ 
or lowpos i tive MRD may be can di dates for closer sur veil
lance.

Why should MRD be erad i cated?
MRD rep re sents the per sis tence of malig nant blasts resis tant 
to stan dard che mo ther apy. These cells are the source of future 
relapse and poten tial clonal evo lu tion under the selec tion pres
sure of ongo ing che mo ther apy. With increas ing num bers of 
resid ual malig nant cells persisting in spite of stan dard che mo
ther apy comes an increas ing sta tis ti cal risk of acquir ing poten tial 
del e te ri ous addi tional bio logic fea tures. Persistent MRD is on the 
con tin uum of pri mary refrac tory hema to logic dis ease but has a 
lower dis ease bur den and atten u ated dis ease growth dynam
ics. In addi tion, com pared to patients with frankly refrac tory 
dis ease, patients in hema to logic remis sion with per sis tent MRD 
are in bet ter gen eral con di tion and are less prone to the gen
eral risks asso ci ated with mas sive bone mar row infil tra tion and 
tumor load. Therefore, treating MRD before hema to logic relapse 
is attrac tive because treat ment may be both bet ter tol er ated 
and more effec tive.

Standard treat ment options for MRD erad i ca tion
The best stan dard approach to erad i cat ing mea sur able MRD 
in a large pro por tion of fit ter and youn ger patients is with 
pedi at ricbased induc tion ther apy. Approximately onequar ter 
of adult patients dis play MRD fail ure after the ini tial phase of 
ther apy.

Continue or inten sify stan dard che mo ther apy
In patients with MRD fail ure, fur ther che mo ther apy adds lit tle 
addi tional response. In the GMALL pro to col, the rate of even tual 
achieve ment of MRD CR in patients with MRD fail ure before con

sol i da tion 2 con tinu ing with che mo ther apy was only 25%.11 Thus, 
con tin ued che mo ther apy in adult ALL bears the risk that patients 
will accrue addi tional toxic effects with lim ited ben e fits in terms 
of dis ease con trol.

SCT for erad i ca tion of MRD
Data indi cate that SCT can improve out comes of patients 
with MRD. The GRAALL group dem on strated the advan tages 
of SCT spe cifi  cally in MRDpos i tive patients.12 Similarly, the 
GMALL data indi cate more favor able results for transplanted 
vs nontransplanted patients with MRD fail ure.4 However, trans
planted patients rep re sent a select group of patients with 
an avail  able donor, with an accept able gen eral con di tion, 
and, most impor tantly, with a remis sion dura ble enough to 
undergo SCT. Furthermore, there is broad evi dence that the 
MRD level before SCT influ ences the suc cess of SCT. Patients 
with MRD above 0.01% before SCT have a poorer out come 
after SCT com pared to MRDneg a tive patients, mainly due to 
increased risk of relapse.13–15 Several fac tors may affect SCT 
out comes in MRDpos i tive patients. The MRD level appears to 
have an impact on the risk of relapse. In an Ital ian study with 
an MRDguided SCT indi ca tion, the out come of SCT was poor 
in patients with MRD of 0.1% or higher before SCT, whereas 
patients with MRD between 0.01% and 0.1% and those with 
neg a tive or lower MRD had sim i lar more favor able out comes.14 
The direct impact of SCT on MRD level should be mea sured 
by com par ing the results before and imme di ately after SCT. 
Although this com par i son is extremely impor tant in order to 
make deci sions regard ing posttransplant strat e gies, data are 
rare. One trial reported a 3log reduc tion of MRD at day plus 
100 com pared to the level before SCT in a mixed cohort of 
adult BCR-ABLneg a tive and pos i tive patients. However, evi
dence of per sis tent or recur rent MRD was detected in 16 out of 
36 (44%) sam ples. Patients with MRD detec tion after SCT had 
an extremely high relapse risk of 80%.16 These data indi cate 
that any trans plan ta tion in MRDpos i tive patients should be 
closely followed by MRD test ing, starting as early as 30 days 
after SCT in order to iden tify MRD relapses of per sis tence and 
to con sider addi tional approaches for erad i ca tion.

Targeted ther a pies for MRD erad i ca tion
Since per sis tent MRD is char ac ter ized by resis tance to che
mo ther apy, its suc cess ful erad i ca tion requires treat ment with 
com pounds hav ing dif fer ent mech a nisms of action. A vari ety of 
poten tial targeted drugs are the o ret i cally appli ca ble to ALL.17 
With the excep tion of Phpos i tive ALL, prom is ing molec u lar tar
gets are lim ited in BCPALL, whereas sur face mark ers such as 
CD20 (around 40%), CD19 (>90%), and CD22 (>90%) are pres ent 
in most cases. In TALL, immunotherapies cur rently have no role, 
and no poten tial molec u lar tar gets or ther a peu tic com pounds 
have been iden ti fied.

Targeted immunotherapies of MRD in BCP-ALL
Rituximab
A ran dom ized trial has dem on strated that the addi tion of ritux
imab to stan dard che mo ther apy in CD20+ ALL can con trib ute to 
an improved out come.18 Although results on MRD response are 
not con clu sive, adding rituximab to che mo ther apy in patients 
with MRD per sis tence may be an option when newer immuno
therapies are not avail  able or afford able.
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Blinatumomab
Blinatumomab is a bispecific CD19/CD3directed anti body that 
pro motes the serial kill ing of CD19+ blast cells via the acti va
tion of native T cells. The first trial of blinatumomab for MRD 
in ALL was a small pilot trial with 20 patients displaying per
sis tent or recur rent MRD above 0.01%.19 A molec u lar response 
was documented in 80% of the patients, and 45% received SCT. 
Relapsefree sur vival was 78%. Notably, 5 patients remained in 
longterm remis sion with out receiv ing SCT, indi cat ing a poten
tial com plete erad i ca tion of the dis ease res er voir.20 Based on 
these results, the inter na tional phase 2 BLAST trial was designed 
for patients with per sis tent MRD above 0.1%. Patients with MRD 
that persisted after sal vage ther apy for a prior hema to logic 
relapse (CR2+) accounted for onethird of those enrolled. Over
all, 113 patients were included. Importantly, blinatumomab in 
the MRD set ting is admin is tered with out dose step ping since 
the risk of a cyto kine release syn drome is low due to the lim ited 
leu ke mia bur den. It is essen tial to give intra the cal pro phy laxis 
before starting and between cycles and to reg u larly check for 
signs of poten tial extramedullary relapse. In addi tion to the loss 
of the tar get CD19, extramedullary man i fes ta tions have been 
shown to be one cause of fail ure after blinatumomab ther apy. 
This is poten tially due to the lim ited activ ity of the com pound 
in sanc tu ary spaces.21

The MRD response rate in the BLAST trial was 88% (80% com
plete MRD response) after 1 cycle. Few addi tional responses were 
achieved after a sec ond cycle, but the responses were poten
tially deep ened. No dif fer ences were seen in terms of response 
with regard to MRD level, age, sta tus of first or later remis sion, or 
other clin i cal fac tors.22 After longterm fol lowup, the median OS 
was 36 months, which com pares favor ably to a median sur vival 
of 7.7 months for blinatumomab in hema to logic relapse.23 The 
5year OS was 43%. Survival was sig nifi  cantly bet ter in patients 
with an MRD response com pared to those with out (median not 
reached vs 14 months).24

Importantly, 67% of the patients in the BLAST trial received 
SCT in ongo ing remis sion after blinatumomab. The median age  
of transplanted patients was 42 years; 34% had a mis match 
donor, and 74% received myeloablative con di tion ing. Although 
the over all out come appeared sim i lar for transplanted and non
transplanted patients with a com plete MRD response (median 
not reached vs 56 months), there were sig nifi  cant dif fer ences. 
Among transplanted patients, 40% remained alive in CR, 23% 
relapsed, and 36% died in CR. Among nontransplanted patients, 
19% remained alive in CR (N = 7), 8% died in CR, and 72% 
relapsed.24 These data sug gest two approaches for treat ment 
opti mi za tion. While SCT appears to be the pre ferred option to 
achieve longterm remis sion in patients responding to blinatum
omab, it should be restricted to patients antic i pated to tol er ate 
the pro ce dure well based on age and/or comorbidities. Patients 
unable, unwill ing, or not advised to pur sue SCT should be 
offered con sol i da tion and/or main te nance treat ment. The best 
approach (and when to tran si tion from blinatumomab back to 
stan dard approaches) is not cer tain but may include reinstitution 
of stan dard che mo ther apy, stan dard lowdose main te nance, 
and/or “refresher” cycles with blinatumomab. This approach 
requires close MRD mon i tor ing.

The tox ic ity of blinatumomab in the MRD set ting appears to 
be less pro nounced than in the relapsed/refrac tory (R/R) set
ting. Overall, 60% of the patients in the MRD trial devel oped 

grade 3 or 4 adverse events com pared to 86% in the Tower trial 
for R/R ALL.22,23 The inci dence of cyto kine release syn drome was 
1.7% com pared to 4.9%. Lower inci dences were reported for 
grade 3 and 4 ele va tions of liver enzymes (4%5% vs 13%) or neu
tropenias (16% vs 38%). Consequently, the rate of grade 3 and 4 
infec tions was 34% in the R/R set ting but appeared to be less 
than 3% in the MRD set ting.22,23

The over all inci dence of neu ro log i cal events (grade 34), how
ever, was com pa ra ble, at 13% and 9.4% in the MRD set ting and 
R/R set ting, respec tively.22,23 The ter mi nol ogy of the inves ti ga
tors’ neu ro log i cal event reporting was not stan dard ized in both 
tri als, and many neu ro log i cal events are part of syn dromes accu
mu lat ing in indi vid ual patients. Therefore, it is dif fi cult to com
pare both stud ies in detail. The fact that the infu sion was started 
with out dose step ping in MRDpos i tive patients may con trib ute 
to the equal lev els of neu ro log i cal events in these set tings. Nota
bly, most adverse events occur dur ing the first cycle and can 
be well han dled with increas ing expe ri ence with the com pound. 
Nevertheless, in order for prac ti tion ers to detect and mit i gate 
neu ro log i cal events early, patients should begin treat ment as 
inpa tients, and both patients and care giv ers should receive 
strict instruc tions about poten tial neu ro log i cal symp toms when 
they leave the ward.

The GMALL now includes blinatumomab treat ment for all 
Bcell ALL patients with per sis tent MRD above 0.01% after con
sol i da tion 1 in the ongo ing firstline trial 08/2013 (NCT02881086; 
Figure 1). The GMALL is also conducting a trial with blinatum
omab for patients with MRD that includes those with MRD less 
than 0.01%, the level required for enroll ment in the BLAST trial 
(NCT03109093). The over all MRD response rate in this trial was 
82%, with 67% achiev ing com plete MRD responses. The 2year 
OS was 64%, with 67% of patients transplanted in CR. SCTrelated 
mor tal ity was 12% with only 3 relapses, whereas 13 relapses 
occurred in nontransplanted patients. The trial indi cates a poten
tially poorer sur vival rate in patients achiev ing an incom plete 
response after 1 cycle of blinatumomab. This result sug gests that 
patients with an incom plete MRD response to blinatumomab 
may ben e fit from addi tional, alter na tive MRDdirected ther apy, 
as evi dent from the GMALL Molact1 trial.25 Further results with 
blinatumomab in MRDpos i tive ALL are sum ma rized in Table 2.

Inotuzumab ozogamicin
Inotuzumab is a CD22directed calicheamicincon ju gated anti
body that induces high rates of hema to logic and MRD response 
in R/R ALL.32 It is being tested now in firstline pro to cols as 
part of induc tion or con sol i da tion ther apy. While results from 
ongo ing tri als in the MRD set ting (NCT03913559, NCT03441061, 
NCT03610438) are not yet avail  able, it can be extrap o lated that 
inotuzumab should be active in the MRD set ting as well. The 
lower tumor bur den offers the poten tial to reduce dos ages and 
thereby the risk of inotuzumabasso ci ated toxicities, such as pro
longed cytopenia or venoocclu sive dis ease.

CAR T cells
CD19directed chimeric antigen receptor (CAR) T cells have 
mainly been explored in R/R ALL. However, by bridg ing ther
a pies after study inclu sion, CAR T cells have been infused in 
a con sid er able pro por tion of patients in hema to logic CR with 
per sis tent MRD. OS was sig nifi  cantly bet ter if CAR T cells were 
used in patients with a lower dis ease bur den—ie, in an MRD 
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set ting com pared to per sis tent R/R dis ease. In one trial, the 
median OS was 20 months in patients with low dis ease bur
den com pared to 12 months in patients with higherbur den dis
ease.33 An anal y sis of the realworld appli ca tion of CAR T cells in 
pedi at ric patients revealed that 22% were infused in the MRD 
set ting and 25% with out detect able dis ease. The OS was 85% 
and 95% at 1 year, respec tively, in these pop u la tions com pared 
to an OS of 58% in patients infused dur ing frank cyto logic 
relapse.34 Since the toxicities of CAR T cells are also less pro
nounced with lower dis ease bur den, it will be of great inter est 
to design future tri als with CAR T cells in MRDpos i tive ALL.

Molecular targeted ther a pies of BCP-ALL
MRD responses are lower in HR molec u lar sub types of ALL. For 
instance, patients with Phlike ALL show a high rate of MRD 
fail ure and would poten tially ben e fit from the addi tion of tar
geted ther a pies to stan dard che mo ther apy to improve the 
chance of achiev ing an MRD response.35,36 However, the pro
por tion of patients with druggable lesions such as ABLclass 
fusions is rather low in adults (<5%). Tyrosine kinase inhib i tors 
and JAK inhib i tors are being tested in clin i cal tri als and are usu
ally admin is tered after stan dard induc tion—ie, in the MRD set
ting (NCT02723994). Singlecase series indi cate effi cacy.37 One 
case col lec tion reports on 12 patients with ABLclass fusions 
treated with a tyro sine kinase inhib i tor for per sis tent MRD. 
MRD neg a tiv ity was achieved in 4 of 12 patients at the first fol
lowup and in 10 of 12 patients as best response.38 Trials adding 

ruxolitinib to stan dard che mo ther apy in newly diag nosed Ph
like ALL with CRLF2R or other JAK path way alter ations are 
ongo ing.39

Targeted ther a pies in T-ALL
Nelarabine is a com pound with spe cific activ ity in R/R TALL. 
Based on these results, it has been suc cess fully inte grated into 
the firstline ther apy of pedi at ric ALL as a con sol i da tion treat
ment.40 As for all  monotherapies in ALL, it can be assumed to be 
more effi ca cious when used in patients with a lower leu ke mia 
bur den. The GMALL study group has there fore inte grated nelar
abine into firstline ther apy for TALL patients with MRD fail ure, 
sim i lar to the approach with blinatumomab for BALL. There are 
also case reports detailing the suc cess ful use of CD38 antibodies 
in the MRD set ting.41,42 It may be pref er a ble to test other com
pounds of inter est in TALL, such as NOTCH inhib i tors or veneto
clax, in the MRD set ting since the impact of a sin gle drug in full 
hema to logic relapse of TALL is cer tainly lim ited.

MRD erad i ca tion in spe cific sit u a tions
Older patients
Older patients are treated with dosereduced reg i mens and 
are there fore at higher risk of expe ri enc ing MRD fail ure. There
fore, it is of utmost impor tance to mea sure MRD and to act on 
MRD in a man ner sim i lar to youn ger patients. This approach 
has already been tested in firstline tri als. The GMALL BOLD 
trial applies a dosereduced che mo ther apy induc tion with a 

Table 2. Results with blinatumomab in MRD-pos i tive ALL

Author Year N Population MRD response SCT rate (%) Overall sur vival

Topp et al19
Gökbuget et al20

2011 10 MRD > 0.01%
Adult: 47 (20–77) y
PCR

80% 45 Nr

Gökbuget et al24,26 2018
2020

110 MRD > 0.1%
First/later CR
Adult: 45 (18–76) y
PCR

88%
80% CR
83% CR1
73% CR2

67 Median 36 mo
43% at 5 y

Gökbuget et al25 2020 64 MRD > 0.01%
First CR
Adult: 44 (18–83) y
PCR

82%
67% CR

67 Median nr
64% at 2 y

Haddad et al27 2021 31 MRD > 0.01%
First/later CR
Adult: 42 (22–84) y
Phpos/neg
Flow

74% CR
84% Phneg
62% Phpos

35 Median nr
63% at 3 y

Keating et al28 2019 15 MRD > 0.01%
Pediatric: 0–21 y
Flow

14/15 MRDneg 100* Median nr
93% 1 y

Locatelli et al29 2020 12 MRD > 0.1%
Pediatric
PCR

92% Nr Nr

Locatelli et al30 2021 29 MRD > 0.01%
Ped R/R: 1–18 y
Mainly PCR

93% Nr Nr

Bassan et al31 2021 23 MRD > 0.01%
Adult: 18–65 y
PCR

87% Nr Nr

*Selected for SCT. Neg, neg a tive; nr, not reported; pos, pos i tive.
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hema to logic response rate of around 70%, whereas nearly all  
patients remain MRDpos i tive.43 This is followed by blinatum
omab cycles alter nat ing with stan dard che mo ther apy cycles. 
The first results in a lim ited num ber of patients show a prom
is ing rate of MRD neg a tiv ity. Outside of clin i cal trial, we use a 
dosereduced pedi at ricbased che mo ther apy (GMALLElderly) 
and ini ti ate targeted ther a pies in case of MRD fail ure after con
sol i da tion 2 (Figure 1).

Molecular relapse
Although MRD eval u a tion is part of many pro to cols in the ini tial 
treat ment phase, the fol lowup tests to be used dur ing ther apy 
are less well defined. The bal ance between the cost and bur den 
of mul ti ple bone mar row eval u a tions and the chance of iden ti fy
ing a molec u lar relapse is debated. Clearly, molec u lar relapses 
have sim i lar poor prog no ses as molec u lar fail ure, and the same 
treat ment prin ci ples apply.4 In the GMALL group, MRD fol lowup 
inves ti ga tions there fore take place every 2 to 3 months dur ing 
con sol i da tion and main te nance and approx i ma tely 1 year after 
the end of treat ment (Figure 2).

MRD and other prog nos tic fac tors
The defi  ni tion of prog nos tic fac tors is not stan dard ized in adult 
ALL. Whether the prog nos tic impact of MRD is sim i lar in all  poten
tial risk groups, includ ing dis tinct genetic set tings, has not been 
established. Thus, the French GRAALL group reported that MRD 
level dis crim i nated HR patients inde pen dent of the pres ence of 
HR genet ics (MLL, IKZF-1 gene dele tion) in BCPALL. In TALL, 
how ever, an HR genetic pro file (the absence of NOTCH1/FBXW 
muta tion and/or N/K-RAS muta tion and/or PTEN gene alter
ation) dis crim i nated HR patients inde pen dently of MRD level.44 
In pedi at ric ALL, the genetic sub type cor re lated not only to the 
time and extent of the MRD response but also to the prog nos tic 
impact. Although the level of MRD cor re lated to relapse risk in all  
sub types, there was a lower relapse risk in lowrisk com pared to 
HR genet ics patients with sim i lar MRD lev els.10 A larger Euro pean 
group reported a new inte grated risk model cov er ing genetic 
mark ers and MRD as a con tin u ous marker.45

Specific HR sub groups of pedi at ric and adult ALL, such as 
Phneg a tive BCR-ABL (Ph)like ALL or early Tpre cur sor ALL, are 

known to pres ent with higher rates of MRD fail ure. The opti mal 
approaches remain to be defined. As discussed, few targeted 
approaches are avail  able in TALL. An MRDbased SCT indi ca
tion was reported as ben e fi cial in one trial for early Tpre cur sor 
ALL.46 In Phlike ALL, there is increas ing evi dence of the effi cacy 
of immunotherapies such as blinatumomab, which has been 
dem on strated for CRLF2rearranged Phlike ALL.47 According to 
a recent abstract report, all  patients with Phlike ALL and MRD 
fail ure (N = 10) converted to an MRD CR after 1 cycle.31 Therefore, 
a prag matic approach for all  patients might be to iden tify Ph
like ALL through MRD test ing instead of upfront because, most 
prob a bly, such patients will be allo cated to the group of MRD 
fail ure.

Overall, the impact of MRD on out come and the ther a peu tic 
con se quences will have to be defined based on dis tinct treat
ment pro to cols.

MRD-based clin i cal tri als and stan dard of care
Generally, a toolkit is required to make proper treat ment deci
sions with the goal of erad i cat ing MRD. For each treat ment 
pro to col, the cor rect time point, level of MRD, mate rial, ter mi
nol ogy, and treat ment con se quences should be defined, and 
all  related issues, such as donor search and even deci sionmak
ing for sub se quent SCT and SCT pro ce dures, should be as well 
stan dard ized as pos si ble. Consequently, for tri als in MRDpos
i tive patients with hema to logic CR, the response cri te ria have 
to be adapted (Table 1). This applies to the MRD level and to the 
exact time point. Referring to MRD pos i tiv ity with out report
ing the level or to a cumu la tive MRD response with out a dis
tinct time point will make con clu sions dif fi cult. Furthermore, it 
is essen tial to con sider the fact that MRD mainly affects relapse 
risk. Therefore, remis sion dura tion or the cumu la tive inci dence 
of relapse or both are appro pri ate param e ters for longterm 
out comes asso ci ated with MRDdirected approaches. OS is 
impor tant but less con clu sive since it is influ enced not only by 
sub se quent sal vage approaches, which can lead to prolonged 
sur vival, but also by sub se quent SCT mor tal ity. It is impor tant 
to deci pher these con se quences.

Figure 1 graph i cally illus trates the cur rent strat egy of the 
GMALL Study Group, and Figure 2 sum ma rizes the most impor

Send primary bone marrow sample in all patients with newly diagnosed ALL to a
reference laboratory and set up MRD assay.
Assess MRD in bone marrow after each early phase of treatment 1 and plan
strategy early based on results.
Initiate donor search in all younger patients with high-risk features and/or slow
MRD clearance as soon as possible.
Initiate targeted therapy in all patients with MRD >0.01% after early consolidation
(general definition: after administration of all relevant ALL-active drugs.
Assess MRD after each cycle of targeted therapy and evaluate alternative
treatment in case of non-response.
Initiate SCT in all suitable younger patients with MRD failure after a targeted
therapy if a compatible donor is available.
Follow-up MRD in all MRD failure patients after SCT every 2-3 months.
In patients with MRD CR or intermediate MRD: Follow-up MRD every 2-3
months during first-line treatment until end of maintenance therapy and at
least one more year.

•

•

•

•

•

•

•
•

Figure 2. How I manage ALL based on MRD.
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tant steps. MRDbased treat ment mod i fi ca tions are now the 
stan dard of care.48 However, a num ber of ques tions remain a 
mat ter of debate and are sub jects of ongo ing or future clin i cal 
tri als (Figure 3).

CLINICAL CASE (con tin ued)

An MRD level of 0.05% was con firmed in the patient after con
sol i da tion 1. The patient was treated with blinatumomab for 1 
cycle, which was well tol er ated with the excep tion of an inter
rup tion of a few days due to symp toms of an enceph a lop a thy. 
A donor search had already taken place dur ing induc tion ther
apy, and a matched unre lated donor had been iden ti fied. The 
trans plant cen ter was contacted at the start of blinatumomab 
in order to pre pare for trans plan ta tion. The sec ond cycle of 
blinatumomab was started. The result of the first cycle arrived 
and showed a com plete molec u lar response at a sen si tiv ity 
of 0.01%. One week before the planned trans plant date, the 
sec ond cycle was stopped, and the patient was trans ferred 
to the trans plant unit. Conditioning was performed with 8Gy 
total body irra di a tion and fludarabine since the patient was 
older than 45 in order to account for the increased trans
plantrelated mor tal ity in this age group. After trans plant, MRD 
fol lowup was started at day 60 and con tin ued every 2 to 3 
months there af ter in addi tion to chi me rism anal y sis and con
firmed a neg a tive result.
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