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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 selection of optimal material for MRD testing—ie, periph­
eral blood (PB) or bone marrow (BM)—depends on the applied 
methods and aims of MRD detection. Whereas in B-cell precur­
sor ALL (BCP-ALL) the MRD level in the PB tends to be lower than 
in the BM when evaluated with Ig/TCR-PCR, for early detection 
of upcoming relapses the BM appears to be more suitable. In 
T-cell ALL (T-ALL) a strong correlation exists between MRD levels 
in the PB and BM, and therefore follow-up tests for relapse iden­
tification may rely on PB.8 The selection of materials may change 
if more sensitive methods for MRD testing become available.

The chances of identifying a suitable marker through Ig/TCR- 
PCR is around 95%, and about 90% of ALL patients display a 
leukemia-associated phenotype.5 If the preferred method does 
not identify a clone-specific MRD marker, alternative methods 
should be applied, such as flow cytometry if primarily Ig/TCR- 
PCR was performed or vice versa. This effort may include the 
quantification of specific chromosome aberrations, such as 
KMT2A rearrangements.

Relevant factors for decision-making
Time point
Making treatment decisions based on MRD failure at very early 
time points risks allocating patients slower to respond to the 
standard therapy to an HR group (with potential stem cell 
transplantation [SCT] indication). Using very late time points 
bears the risk that a significant proportion of patients with MRD 
failure will develop a hematologic relapse before any action 
can be taken. In the GMALL trials, the time point with the most 
prominent negative prognostic impact regarding MRD failure 
was after consolidation 1, approximately 3 to 4 months after 
diagnosis, when all relevant drugs had been administered at 
least once (Figure 1).4 In other treatment settings, postinduc­
tion and post-early consolidation time points have been iden­
tified as the most prognostic. It is important to recognize that 
the most prognostic time point may differ according to regi­
men and intended treatment decisions.

Level of MRD
The level of blast cells during first-line treatment is a continuum. 
Conventional cytomorphology can identify persistent lym­
phoblasts present at a level of approximately 5% or higher. 
Below 5% the more sensitive MRD detection methods typi­
cally detect lymphoblasts to a level of 0.01%. Most reports 
on the prognostic impact of MRD on outcome refer to the 
persistence of MRD at levels of 0.01% to 5% simply due to the 
sensitivity of the available methods; the significance of per­
sistent MRD at levels less than 0.01% is less clear. In addition 
to the clear correlation between MRD level and relapse risk 
is a correlation between MRD level and time to hematologic 

Table 1. Prerequisites for MRD testing as a basis for treatment 
decisions

Optimal material • � Material from primary diagnosis (aspirate, 
biopsy)

•  Sufficient material and blast content
•  Selection of correct material (PB/BM)

Skilled laboratory •  Experience (number of ALL cases)
•  Participation in quality-control rounds
•  International standards for methods

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

○  Level of MRD
○  Sensitivity in case of a negative result
○ � Further specification in case of nonquantifi­

able MRD

Terminology for 
MRD response

• � MRD response is evaluated in patients with 
hematologic CR

• � Clear definition of results similar to definition of 
hematologic CR6,7

MRD CR:
○ � MRD-negative with a minimum sensitivity of 

0.01%
MRD failure:
○  MRD-positive ≥0.01%
MRD intermediate:
○  All other types of results, eg,
○  MRD-positive below 0.01%
○ � Nonquantifiable but detectable MRD below 

0.01% (PNQ )
○  MRD-negative with insufficient sensitivity

Figure 1. Flow of MRD surveillance and treatment decisions (GMALL strategy).
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relapse.9,10 In the context of the GMALL trials, 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 testing based on flow cytometry or next-
generation sequencing usually does not provide sensitivity or a 
quantifiable range of results at each time point, this is routinely 
possible for Ig/TCR-PCR. Thus, it becomes evident that a 
significant proportion of patients, around 25% tested with 
Ig/TCR-PCR, do not meet the criteria of MRD CR or MRD failure 
(Table 1).11 The majority of patients in this group have detect­
able MRD below 0.01% or positive, nonquantifiable MRD (PNQ ). 
Since the quantifiable range is usually above 0.01%, PNQ is most 
frequently MRD below 0.01%. The numbers in this “gray-zone” 
group might be even larger when methods with higher sensitiv­
ity are applied.

Patients with an indeterminate MRD response potentially have  
an intermediate prognosis compared to those with MRD CR and 
MRD failure. For instance, overall survival (OS) in the GMALL tri­
als was 83% for patients with an MRD CR, 43% for patients with 
an MRD failure, and 68% for patients with intermediate MRD.11 In 
pediatric ALL a correlation between MRD level and survival was 
seen as well. The relapse risk ranged from 4% for negative 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 matters for MRD-based treatment 
decisions (Figure 1). Whereas patients with MRD failure may 
qualify for targeted therapies and/or SCT, patients with PNQ 
or low-positive MRD may be candidates for closer surveil­
lance.

Why should MRD be eradicated?
MRD represents the persistence of malignant blasts resistant 
to standard chemotherapy. These cells are the source of future 
relapse and potential clonal evolution under the selection pres­
sure of ongoing chemotherapy. With increasing numbers of 
residual malignant cells persisting in spite of standard chemo­
therapy comes an increasing statistical risk of acquiring potential 
deleterious additional biologic features. Persistent MRD is on the 
continuum of primary refractory hematologic disease but has a 
lower disease burden and attenuated disease growth dynam­
ics. In addition, compared to patients with frankly refractory 
disease, patients in hematologic remission with persistent MRD 
are in better general condition and are less prone to the gen­
eral risks associated with massive bone marrow infiltration and 
tumor load. Therefore, treating MRD before hematologic relapse 
is attractive because treatment may be both better tolerated 
and more effective.

Standard treatment options for MRD eradication
The best standard approach to eradicating measurable MRD 
in a large proportion of fitter and younger patients is with 
pediatric-based induction therapy. Approximately one-quarter 
of adult patients display MRD failure after the initial phase of 
therapy.

Continue or intensify standard chemotherapy
In patients with MRD failure, further chemotherapy adds little 
additional response. In the GMALL protocol, the rate of eventual 
achievement of MRD CR in patients with MRD failure before con­

solidation 2 continuing with chemotherapy was only 25%.11 Thus, 
continued chemotherapy in adult ALL bears the risk that patients 
will accrue additional toxic effects with limited benefits in terms 
of disease control.

SCT for eradication of MRD
Data indicate that SCT can improve outcomes of patients 
with MRD. The GRAALL group demonstrated the advantages 
of SCT specifically in MRD-positive patients.12 Similarly, the 
GMALL data indicate more favorable results for transplanted 
vs nontransplanted patients with MRD failure.4 However, trans­
planted patients represent a select group of patients with 
an available donor, with an acceptable general condition, 
and, most importantly, with a remission durable enough to 
undergo SCT. Furthermore, there is broad evidence that the 
MRD level before SCT influences the success of SCT. Patients 
with MRD above 0.01% before SCT have a poorer outcome 
after SCT compared to MRD-negative patients, mainly due to 
increased risk of relapse.13–15 Several factors may affect SCT 
outcomes in MRD-positive patients. The MRD level appears to 
have an impact on the risk of relapse. In an Italian study with 
an MRD-guided SCT indication, the outcome 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 
negative or lower MRD had similar more favorable outcomes.14 
The direct impact of SCT on MRD level should be measured 
by comparing the results before and immediately after SCT. 
Although this comparison is extremely important in order to 
make decisions regarding posttransplant strategies, data are 
rare. One trial reported a 3-log reduction of MRD at day plus 
100 compared to the level before SCT in a mixed cohort of 
adult BCR-ABL-negative and -positive patients. However, evi­
dence of persistent or recurrent MRD was detected in 16 out of 
36 (44%) samples. Patients with MRD detection after SCT had 
an extremely high relapse risk of 80%.16 These data indicate 
that any transplantation in MRD-positive patients should be 
closely followed by MRD testing, starting as early as 30 days 
after SCT in order to identify MRD relapses of persistence and 
to consider additional approaches for eradication.

Targeted therapies for MRD eradication
Since persistent MRD is characterized by resistance to che­
motherapy, its successful eradication requires treatment with 
compounds having different mechanisms of action. A variety of 
potential targeted drugs are theoretically applicable to ALL.17 
With the exception of Ph-positive ALL, promising molecular tar­
gets are limited in BCP-ALL, whereas surface markers such as 
CD20 (around 40%), CD19 (>90%), and CD22 (>90%) are present 
in most cases. In T-ALL, immunotherapies currently have no role, 
and no potential molecular targets or therapeutic compounds 
have been identified.

Targeted immunotherapies of MRD in BCP-ALL
Rituximab
A randomized trial has demonstrated that the addition of ritux­
imab to standard chemotherapy in CD20+ ALL can contribute to 
an improved outcome.18 Although results on MRD response are 
not conclusive, adding rituximab to chemotherapy in patients 
with MRD persistence may be an option when newer immuno­
therapies are not available or affordable.
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Blinatumomab
Blinatumomab is a bispecific CD19/CD3-directed antibody that 
promotes the serial killing of CD19+ blast cells via the activa­
tion of native T cells. The first trial of blinatumomab for MRD 
in ALL was a small pilot trial with 20 patients displaying per­
sistent or recurrent MRD above 0.01%.19 A molecular response 
was documented in 80% of the patients, and 45% received SCT. 
Relapse-free survival was 78%. Notably, 5 patients remained in 
long-term remission without receiving SCT, indicating a poten­
tial complete eradication of the disease reservoir.20 Based on 
these results, the international phase 2 BLAST trial was designed 
for patients with persistent MRD above 0.1%. Patients with MRD 
that persisted after salvage therapy for a prior hematologic 
relapse (CR2+) accounted for one-third of those enrolled. Over­
all, 113 patients were included. Importantly, blinatumomab in 
the MRD setting is administered without dose stepping since 
the risk of a cytokine release syndrome is low due to the limited 
leukemia burden. It is essential to give intrathecal prophylaxis 
before starting and between cycles and to regularly check for 
signs of potential extramedullary relapse. In addition to the loss 
of the target CD19, extramedullary manifestations have been 
shown to be one cause of failure after blinatumomab therapy. 
This is potentially due to the limited activity of the compound 
in sanctuary spaces.21

The MRD response rate in the BLAST trial was 88% (80% com­
plete MRD response) after 1 cycle. Few additional responses were 
achieved after a second cycle, but the responses were poten­
tially deepened. No differences were seen in terms of response 
with regard to MRD level, age, status of first or later remission, or 
other clinical factors.22 After long-term follow-up, the median OS 
was 36 months, which compares favorably to a median survival 
of 7.7 months for blinatumomab in hematologic relapse.23 The 
5-year OS was 43%. Survival was significantly better in patients 
with an MRD response compared to those without (median not 
reached vs 14 months).24

Importantly, 67% of the patients in the BLAST trial received 
SCT in ongoing remission after blinatumomab. The median age  
of transplanted patients was 42 years; 34% had a mismatch 
donor, and 74% received myeloablative conditioning. Although 
the overall outcome appeared similar for transplanted and non­
transplanted patients with a complete MRD response (median 
not reached vs 56 months), there were significant differences. 
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 suggest two approaches for treatment 
optimization. While SCT appears to be the preferred option to 
achieve long-term remission in patients responding to blinatum­
omab, it should be restricted to patients anticipated to tolerate 
the procedure well based on age and/or comorbidities. Patients 
unable, unwilling, or not advised to pursue SCT should be 
offered consolidation and/or maintenance treatment. The best 
approach (and when to transition from blinatumomab back to 
standard approaches) is not certain but may include reinstitution 
of standard chemotherapy, standard low-dose maintenance, 
and/or “refresher” cycles with blinatumomab. This approach 
requires close MRD monitoring.

The toxicity of blinatumomab in the MRD setting appears to 
be less pronounced than in the relapsed/refractory (R/R) set­
ting. Overall, 60% of the patients in the MRD trial developed 

grade 3 or 4 adverse events compared to 86% in the Tower trial 
for R/R ALL.22,23 The incidence of cytokine release syndrome was 
1.7% compared to 4.9%. Lower incidences were reported for 
grade 3 and 4 elevations of liver enzymes (4%-5% vs 13%) or neu­
tropenias (16% vs 38%). Consequently, the rate of grade 3 and 4 
infections was 34% in the R/R setting but appeared to be less 
than 3% in the MRD setting.22,23

The overall incidence of neurological events (grade 3-4), how­
ever, was comparable, at 13% and 9.4% in the MRD setting and 
R/R setting, respectively.22,23 The terminology of the investiga­
tors’ neurological event reporting was not standardized in both 
trials, and many neurological events are part of syndromes accu­
mulating in individual patients. Therefore, it is difficult to com­
pare both studies in detail. The fact that the infusion was started 
without dose stepping in MRD-positive patients may contribute 
to the equal levels of neurological events in these settings. Nota­
bly, most adverse events occur during the first cycle and can 
be well handled with increasing experience with the compound. 
Nevertheless, in order for practitioners to detect and mitigate 
neurological events early, patients should begin treatment as 
inpatients, and both patients and caregivers should receive 
strict instructions about potential neurological symptoms when 
they leave the ward.

The GMALL now includes blinatumomab treatment for all 
B-cell ALL patients with persistent MRD above 0.01% after con­
solidation 1 in the ongoing first-line 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 enrollment in the BLAST trial 
(NCT03109093). The overall MRD response rate in this trial was 
82%, with 67% achieving complete MRD responses. The 2-year 
OS was 64%, with 67% of patients transplanted in CR. SCT-related 
mortality was 12% with only 3 relapses, whereas 13 relapses 
occurred in nontransplanted patients. The trial indicates a poten­
tially poorer survival rate in patients achieving an incomplete 
response after 1 cycle of blinatumomab. This result suggests that 
patients with an incomplete MRD response to blinatumomab 
may benefit from additional, alternative MRD-directed therapy, 
as evident from the GMALL Molact1 trial.25 Further results with 
blinatumomab in MRD-positive ALL are summarized in Table 2.

Inotuzumab ozogamicin
Inotuzumab is a CD22-directed calicheamicin-conjugated anti­
body that induces high rates of hematologic and MRD response 
in R/R ALL.32 It is being tested now in first-line protocols as 
part of induction or consolidation therapy. While results from 
ongoing trials in the MRD setting (NCT03913559, NCT03441061, 
NCT03610438) are not yet available, it can be extrapolated that 
inotuzumab should be active in the MRD setting as well. The 
lower tumor burden offers the potential to reduce dosages and 
thereby the risk of inotuzumab-associated toxicities, such as pro­
longed cytopenia or veno-occlusive disease.

CAR T cells
CD19-directed chimeric antigen receptor (CAR) T cells have 
mainly been explored in R/R ALL. However, by bridging ther­
apies after study inclusion, CAR T cells have been infused in 
a considerable proportion of patients in hematologic CR with 
persistent MRD. OS was significantly better if CAR T cells were 
used in patients with a lower disease burden—ie, in an MRD 
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setting compared to persistent R/R disease. In one trial, the 
median OS was 20 months in patients with low disease bur­
den compared to 12 months in patients with higher-burden dis­
ease.33 An analysis of the real-world application of CAR T cells in 
pediatric patients revealed that 22% were infused in the MRD 
setting and 25% without detectable disease. The OS was 85% 
and 95% at 1 year, respectively, in these populations compared 
to an OS of 58% in patients infused during frank cytologic 
relapse.34 Since the toxicities of CAR T cells are also less pro­
nounced with lower disease burden, it will be of great interest 
to design future trials with CAR T cells in MRD-positive ALL.

Molecular targeted therapies of BCP-ALL
MRD responses are lower in HR molecular subtypes of ALL. For 
instance, patients with Ph-like ALL show a high rate of MRD 
failure and would potentially benefit from the addition of tar­
geted therapies to standard chemotherapy to improve the 
chance of achieving an MRD response.35,36 However, the pro­
portion of patients with druggable lesions such as ABL-class 
fusions is rather low in adults (<5%). Tyrosine kinase inhibitors 
and JAK inhibitors are being tested in clinical trials and are usu­
ally administered after standard induction—ie, in the MRD set­
ting (NCT02723994). Single-case series indicate efficacy.37 One 
case collection reports on 12 patients with ABL-class fusions 
treated with a tyrosine kinase inhibitor for persistent MRD. 
MRD negativity was achieved in 4 of 12 patients at the first fol­
low-up and in 10 of 12 patients as best response.38 Trials adding 

ruxolitinib to standard chemotherapy in newly diagnosed Ph-
like ALL with CRLF2-R or other JAK pathway alterations are 
ongoing.39

Targeted therapies in T-ALL
Nelarabine is a compound with specific activity in R/R T-ALL. 
Based on these results, it has been successfully integrated into 
the first-line therapy of pediatric ALL as a consolidation treat­
ment.40 As for all monotherapies in ALL, it can be assumed to be 
more efficacious when used in patients with a lower leukemia 
burden. The GMALL study group has therefore integrated nelar­
abine into first-line therapy for T-ALL patients with MRD failure, 
similar to the approach with blinatumomab for B-ALL. There are 
also case reports detailing the successful use of CD38 antibodies 
in the MRD setting.41,42 It may be preferable to test other com­
pounds of interest in T-ALL, such as NOTCH inhibitors or veneto­
clax, in the MRD setting since the impact of a single drug in full 
hematologic relapse of T-ALL is certainly limited.

MRD eradication in specific situations
Older patients
Older patients are treated with dose-reduced regimens and 
are therefore at higher risk of experiencing MRD failure. There­
fore, it is of utmost importance to measure MRD and to act on 
MRD in a manner similar to younger patients. This approach 
has already been tested in first-line trials. The GMALL BOLD 
trial applies a dose-reduced chemotherapy induction with a 

Table 2. Results with blinatumomab in MRD-positive ALL

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

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
Ph-pos/neg
Flow

74% CR
84% Ph-neg
62% Ph-pos

35 Median nr
63% at 3 y

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

14/15 MRD-neg 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, negative; nr, not reported; pos, positive.



MRD in ALL  |  723

hematologic response rate of around 70%, whereas nearly all 
patients remain MRD-positive.43 This is followed by blinatum­
omab cycles alternating with standard chemotherapy cycles. 
The first results in a limited number of patients show a prom­
ising rate of MRD negativity. Outside of clinical trial, we use a 
dose-reduced pediatric-based chemotherapy (GMALL-Elderly) 
and initiate targeted therapies in case of MRD failure after con­
solidation 2 (Figure 1).

Molecular relapse
Although MRD evaluation is part of many protocols in the initial 
treatment phase, the follow-up tests to be used during therapy 
are less well defined. The balance between the cost and burden 
of multiple bone marrow evaluations and the chance of identify­
ing a molecular relapse is debated. Clearly, molecular relapses 
have similar poor prognoses as molecular failure, and the same 
treatment principles apply.4 In the GMALL group, MRD follow-up 
investigations therefore take place every 2 to 3 months during 
consolidation and maintenance and approximately 1 year after 
the end of treatment (Figure 2).

MRD and other prognostic factors
The definition of prognostic factors is not standardized in adult 
ALL. Whether the prognostic impact of MRD is similar in all poten­
tial risk groups, including distinct genetic settings, has not been 
established. Thus, the French GRAALL group reported that MRD 
level discriminated HR patients independent of the presence of 
HR genetics (MLL, IKZF-1 gene deletion) in BCP-ALL. In T-ALL, 
however, an HR genetic profile (the absence of NOTCH1/FBXW 
mutation and/or N/K-RAS mutation and/or PTEN gene alter­
ation) discriminated HR patients independently of MRD level.44 
In pediatric ALL, the genetic subtype correlated not only to the 
time and extent of the MRD response but also to the prognostic 
impact. Although the level of MRD correlated to relapse risk in all 
subtypes, there was a lower relapse risk in low-risk compared to 
HR genetics patients with similar MRD levels.10 A larger European 
group reported a new integrated risk model covering genetic 
markers and MRD as a continuous marker.45

Specific HR subgroups of pediatric and adult ALL, such as 
Ph-negative BCR-ABL (Ph)-like ALL or early T-precursor ALL, are 

known to present with higher rates of MRD failure. The optimal 
approaches remain to be defined. As discussed, few targeted 
approaches are available in T-ALL. An MRD-based SCT indica­
tion was reported as beneficial in one trial for early T-precursor 
ALL.46 In Ph-like ALL, there is increasing evidence of the efficacy 
of immunotherapies such as blinatumomab, which has been 
demonstrated for CRLF2-rearranged Ph-like ALL.47 According to 
a recent abstract report, all patients with Ph-like ALL and MRD 
failure (N = 10) converted to an MRD CR after 1 cycle.31 Therefore, 
a pragmatic approach for all patients might be to identify Ph-
like ALL through MRD testing instead of up-front because, most 
probably, such patients will be allocated to the group of MRD 
failure.

Overall, the impact of MRD on outcome and the therapeutic 
consequences will have to be defined based on distinct treat­
ment protocols.

MRD-based clinical trials and standard of care
Generally, a toolkit is required to make proper treatment deci­
sions with the goal of eradicating MRD. For each treatment 
protocol, the correct time point, level of MRD, material, termi­
nology, and treatment consequences should be defined, and 
all related issues, such as donor search and even decision-mak­
ing for subsequent SCT and SCT procedures, should be as well 
standardized as possible. Consequently, for trials in MRD-pos­
itive patients with hematologic CR, the response criteria have 
to be adapted (Table 1). This applies to the MRD level and to the 
exact time point. Referring to MRD positivity without report­
ing the level or to a cumulative MRD response without a dis­
tinct time point will make conclusions difficult. Furthermore, it 
is essential to consider the fact that MRD mainly affects relapse 
risk. Therefore, remission duration or the cumulative incidence 
of relapse or both are appropriate parameters for long-term 
outcomes associated with MRD-directed approaches. OS is 
important but less conclusive since it is influenced not only by 
subsequent salvage approaches, which can lead to prolonged 
survival, but also by subsequent SCT mortality. It is important 
to decipher these consequences.

Figure 1 graphically illustrates the current strategy of the 
GMALL Study Group, and Figure 2 summarizes 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. MRD-based treatment modifications are now the 
standard of care.48 However, a number of questions remain a 
matter of debate and are subjects of ongoing or future clinical 
trials (Figure 3).

CLINICAL CASE (continued)

An MRD level of 0.05% was confirmed in the patient after con­
solidation 1. The patient was treated with blinatumomab for 1 
cycle, which was well tolerated with the exception of an inter­
ruption of a few days due to symptoms of an encephalopathy. 
A donor search had already taken place during induction ther­
apy, and a matched unrelated donor had been identified. The 
transplant center was contacted at the start of blinatumomab 
in order to prepare for transplantation. The second cycle of 
blinatumomab was started. The result of the first cycle arrived 
and showed a complete molecular response at a sensitivity 
of 0.01%. One week before the planned transplant date, the 
second cycle was stopped, and the patient was transferred 
to the transplant unit. Conditioning was performed with 8-Gy 
total body irradiation and fludarabine since the patient was 
older than 45 in order to account for the increased trans­
plant-related mortality in this age group. After transplant, MRD 
follow-up was started at day 60 and continued every 2 to 3 
months thereafter in addition to chimerism analysis and con­
firmed a negative result.
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