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ABSTRACT

Minimal or measurable residual disease (MRD) is considered the most important indepen-
dent prognostic factor in acute lymphoblastic leukemia (ALL). MRD status after clinical re-
mission has been used to establish the risk of relapse and therapeutic stratification, identify-
ing patients who can benefit from therapeutic intensification, including allogeneic stem cell 
transplantation (alloSCT). The pre alloSCT MRD also identifies patients eligible for transplant 
and those with low or high risk of relapse after transplantation, according to the level of MRD 
detected. However, MRD status post-alloSCT has been shown to be a more powerful predic-
tor of relapse than pre-transplant MRD. In addition, it is important to take into account that 
there are some factors to be considered to better interpret MRD information, these include: 
the method used for MRD assessment and its sensitivity and specificity, which may vary ac-
cording to each specific time point of evaluation; the treatment regimen used; and the iden-
tification of genetic lesions that combined with MRD information can further improve the 
management of patients with ALL.
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INTRODUCTION

Minimal or measurable residual disease  is, by defini-
tion, a sub-microscopic disease that can be detected 
by sensitive methods that more accurately monitor 
disease kinetics during and after the treatment of 
hematological malignancies. MRD quantification 
can assess the response to treatment of individual 
patients by the magnitude of the disease burden 
reduction and establish the risk of disease relapse. 
In acute lymphoblastic leukemia,  MDR is considered 
the most important predictable relapse factor and 
it has been widely used by most cooperative ALL 
treatment groups to guide treatment decisions.1-11  
The MRD level can identify patients who need treat-
ment intensification, including with allogeneic SCT 
(alloSCT). Here, the impact of the status of peri and 
post-transplant MRD in patients with ALL will be 

discussed, as well as some aspects that must to be 
taken into account for a better interpretation of the 
results of MRD by clinical hematologists. 

PROGNOSTIC SIGNIFICANCE OF MRD 

MRD assessment at the end of induction therapy is 
useful to identify patients with a low risk of relapse. Any 
persisting MRD level at the end of consolidation thera-
py is associated with a high risk of relapse and indicates 
the need for therapy intensification.[9,10,12,13] 

The  MRD persistence at ≥10− 3 before SCT in children 
with high-risk relapsed ALL reflects a disease which is 
highly resistant to conventional intensive chemother-
apy, and which requires prospective investigation of 
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new treatment strategies with innovative targeted or 
immunotherapeutic approaches.[14] 

Many studies have demonstrated the prognostic im-
pact of MRD pre- and post-alloSCT. A study by the 
BFM group included children and adolescents with 
relapsed ALL, eligible to receive alloSCT in ≥ second 
remission (CR2).  The methods used for MRD detec-
tion included both multiparametric flow cytometry 
(MFC) and quantitative real time PCR (RTqPCR). The 
MRD cutoff value of less than 10-4 leukemic cells 
turned out to be a feasible discriminator between 
patients at high (≥ 10-4 leukemic cells) or low risk 
(< 10-4 leukemic cells) for subsequent relapse.   In 
other words, patients who underwent transplanta-
tion with an MRD < 10-4 leukemic cells, had a higher 
event free survival (EFS) and lower cumulative inci-
dence of relapse (CIR) than those who underwent al-
loSCT with an MRD load of ≥ 10-4 leukemic cells. [15]

However, a meta-analysis study showed that al-
though positive MRD (MRD+) before alloSCT was a 
significant negative predictive factor of relapse-free 
survival (RFS), EFS and overall survival (OS), a MRD+ 
result prior to transplantation was not associated 
with a higher rate of non-relapse mortality. [16] 

Based on MRD status, patients stratified as high-risk 
of relapse have been shown to benefit from alloSCT, 
but the maintenance of MRD positivity after trans-
plantation correlates with a poor outcome. [13, 17-
20] Retrospective studies with pediatric and adult 
ALL patients have shown that patients with undetect-
able MRD by MFC or by RTqPCR before myeloablative 
alloSCT had a better outcome than patients with any 
level of MRD+. Patients with MRD+ after transplanta-
tion had significantly worse outcomes than patients 
with undetectable MRD after transplantation. [10, 3] 
and 10-4 were the minimum discriminatory MRD de-
tection limits used in these studies. [13,21] Similar re-
sults were observed using a more sensitive method 
for MRD detection such as next generation sequenc-
ing (NGS), in which any post-SCT NGS-MRD positivity 
resulted in an increased risk of relapse whereas the 
absence of detectable NGS-MRD pre-SCT defined 
good-risk patients. 22 In addition, patients who con-
verted from MRD+ to MRD-negative after transplant 
had been in remission for at least two years after 
alloSCT.13 The kinetics of MRD by MFC in pediatric 
patients with ALL in the peri-haploidentical SCT was 
also important in predicting the risk of relapse. [23]   

A multicenter study in pediatric ALL patients com-
pared the prognostic value of pre-alloSCT and post-al-
loSCT MRD kinetics. Definitions of MRD status were:  
undetectable MRD was considered as MRD negative; 

detectable MRD< 10-4 (RTqPCR) or < 0.01% (MFC) 
was MRD low positive; MRD ≥10-4 to <10-3 (RTqP-
CR) or ≥0.01 to <0.1% (MFC) was MRD high positive; 
and MRD ≥10-3 (RTqPCR)) or  ≥0.1% (MFC) was MRD 
very high positive. They demonstrated that patients 
with detectable MRD pre-SCT and MRD post-SCT had 
a significantly lower EFS and higher CIR, especially 
those with higher MRD levels. But there was no ef-
fect on outcomes when MRD pre-SCT was detected 
at the lowest levels (<10-4) in patients who achieved 
post-SCT undetectable MRD. However,  after trans-
plantation even low levels of MRD were always highly 
predictive of relapse (p = 0,001). Furthermore, any de-
tectable MRD level on days +180 and +365 was highly 
predictive of relapse and poor survival. Conversely, 
patients who were MRD negative on day +365 had 
long-term survival. In conclusion, the risk of relapse 
was more strongly influenced by MRD post-SCT than 
by MRD pre-SCT. [19]  

On the other hand, MRD monitoring is much less 
frequently used after alloSCT because chimerism 
monitoring provides an alternative for early relapse 
detection. However, there is evidence that Ig/TCR-
based MRD has higher sensitivity and specificity 
compared with chimerism analysis. [24] 

Time points for MRD assessment in ALL patients 
eligible for allo-SCT  

MRD levels at different time points have different 
prognostic values for relapse.  The most suitable 
time points for MRD assessment are not consensu-
al, however, the following studies can guide clinical 
strategies in patients with ALL. 

Pre allo-SCT MRD assessment

One study has demonstrated the kinetics of MRD 
reduction in high-risk relapsed ALL patients before 
alloSCT are heterogeneous. The study noted that 
patients achieved a rapid or slow reduction in MRD 
during the treatment period from induction thera-
py to directly before transplantation. Some patients 
who initially had a deeper therapeutic response ex-
perienced an increased in the MRD level during this 
period. Therefore, the study concluded that MRD 
assessments should be done early before consolida-
tion therapy and before each chemotherapy cycle, 
including immediately before alloSCT. [14]  In anoth-
er prospective study in children with relapsed ALL 
treated according to the BFM study protocols, MRD 
was measured by RTpPCR, at a median of 13 days be-
fore alloSCT to assess the prognostic significance of 
MRD before transplantation. [15] 
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MRD was assessed by RTqPCR (BCR-ABL1 transcript 
with 10-5 sensitivity) within 30 days before allo-SCT, 
in patients who received chemotherapy combined 
with tyrosine-kinase inhibitors (TKIs) before trans-
plantation. Undetectable MRD was one of the fac-
tors most influential in RFS for adult patients with 
Philadelphia+ (Ph1+) ALL transplanted in first clini-
cal remission (CR1) (p = 0.0004). [25]

These studies indicate that MRD assessment should 
be done very close to alloSCT.

Post allo-SCT MRD assessment

The accuracy of MRD measurements (by MFC and 
RT-pPCR) in predicting relapse was investigated at 
days +30, +60, +90, and +180 post-SCT. From day 
+60 onwards, the discriminatory power of MRD 
detection was greater to predict the probability of 
relapse.18 On the other hand, especially at earlier 
times after transplantation (day + 30), the detection 
of NGS-MRD after SCT, was better in the prediction 
of relapse than MFC-MRD (p <0.0001). [22]  

The evaluation of factors which may impact the out-
come in pediatric patients with ALL undergoing  al-
loSCT, such as MRD+ pre SCT, the status of remission 
(CR2, CR3), non-TBI conditioning regimen, absence 
of aGVHD by day+190 post-transplant, can define 
groups with a high risk of relapse who can benefit 
from the more frequent MRD assessment and early 
therapeutic intervention. [19]  

EVALUATING AN ALL MRD RESULT

Some important information must be considered 
and added to MRD results to refine outcome predic-
tion in ALL patients, such as the leukemia biology, 
the sensitivity of the method used for MRD detec-
tion, the time points of assessment and the treat-
ment regimen used.

Methods of MRD detection

Knowledge of the characteristics and limitations of 
each method is essential for the correct interpreta-
tion of MRD results.  The sensitivity and specificity of 
methods for measuring MRD are different and vary 
during ALL treatment. This means that MRD detec-
tion is influenced by the method used at each given 
evaluation time point. 

Molecular methods include the use of RTqPCR to de-
tect leukemia-specific or patient-specific molecular 
markers, such as fusion gene transcripts and immu-
noglobulin / T cell receptor (Ig / TCR) gene rearrange-
ments. Multiparametric flow cytometry is based on 

the detection of “different from normal” immunophe-
notypes. These methods reach limits of 10-4 to 10-5 for 
MRD detection, which means 1 leukemic cell in 10.000 
to 100.000 normal cells. Recently, new high-through-
put technologies to quantify MRD have been intro-
duced: NGS for Ig/TCR rearrangements.22,26 and next 
generation flow (NGFlow) based on immunopheno-
typing.27 These reach limits of detection of 10-6 to 
10-7 (1: 1.000.000 to 1: 10.000.000 normal cells) and 
10-5 to10-6 respectively. 

It must be emphasized that, although these meth-
ods reach high sensitivity, a negative result of MRD 
does not necessarily mean eradication of the dis-
ease, rather, that the disease burden may be below 
the detection limit of the method used. [28] 

Molecular methods of MRD detection 

Both Ig/TCR RTqPCR and Ig/TCR NGS require a 
diagnostic sample as a reference to identify the 
leukemia-specific index rearrangements that are 
monitored throughout therapy. False negative 
MRD results may occur using RTpPCR/ IgTCR rear-
rangements due to clonal evolution in immature 
leukemic blasts, which can lead to the loss of the 
leukemia-specific Ig / TCR sequence. On the other 
hand, false positive MRD results can be a conse-
quence of massive bone marrow regeneration af-
ter treatment which can cause nonspecific anneal-
ing of the primer. [28] 

Although well standardized, assessment of MRD by 
RTq PCR/ IgTCR rearrangements is time consuming 
and labor intensive, requiring technical expertise. [29] 

The NGS of the Ig/TCR gene rearrangements can 
overcome some of the limitations of RTqPCR and can 
increase sensitivity, provided that sufficient numbers 
of cells are analyzed.

NGS does not require the construction of patient-spe-
cific oligonucleotides, because the same multiplex 
PCR assay can be used to identify and follow-up the 
index sequence. [28,30] NGS also offers the advan-
tage of being able to track minor subclones, respon-
sible for driving relapse, which may not be identified 
by other methods. A disadvantage of NGS-based 
MRD detection is the need for large amounts of cells 
/ DNA that can limit its usefulness. This often rep-
resents a serious limitation in the aplastic samples 
during treatment. [28,30] 

NGS is still not well standardized and clinically vali-
dated, although there is evidence that NGS is more 
sensitive to identifying clinically significant MRD 
than other methods. [20,22,26,29] For example, NGS-
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MRD post-alloSCT has been shown to be more pre-
dictive of relapse and survival than MFC-MRD, sug-
gesting a role for this technique in defining patients 
who would be eligible for post-transplant interven-
tions. [22] 

Both molecular methods are expensive and are not 
widely available in Brazil.

RTqPCR is also used to detect MRD in patients Ph1+ 
ALL, detecting the BCR-ABL1 fusion gene with a 
detection threshold in the range10-4 to 10-5. One 
disadvantage of this method is that these PCR as-
says in which the p190 transcript is present are not 
fully standardized like p210 for Chronic Myeloid 
Leukemia, which makes it difficult to interpret the 
results.30 RTq PCR Ig / TCR rearrangements may be 
more specific than BCR-ABL1 for MDR monitoring 
in patients with Ph1+ ALL.30,31 MRD measured by 
MFC and/or RTpPCR produced largely equivalent re-
sults in a threshold of 0.01%, which is the limit used 
to define MRD positivity in Ph1+ALL patients. Both 
methods have been proven to provide a more ac-
curate quantification of residual leukemic cells than 
BCR-ABL1 transcripts. [31] 

However, there are conflicting data:  studies compar-
ing BCR-ABL1 MRD and Ig/TCR MRD demonstrated 
significant differences in detection, in favor of BCR-
ABL1 fusion transcript.28 It seems that Ig/TCR and 
BCR-ABL1 MRD may provide distinct insights into 
MRD kinetics of different leukemic subpopulations 
in response to therapy. [28,30-32]

Despite the potential disadvantages, PCR for BCR-
ABL1 is the recommended method for MRD assess-
ment of Ph1+ ALL in the North American consensus, 
because it is superior to conventional MFC in pre-
dicting outcomes in this ALL subtype. [30]

MRD by multiparametric flow cytometry

MFC is based on the identification of leukemia-as-
sociated immunophenotypes (LAIPs) and the differ-
ences in blast cell immunophenotypes in relation 
to the maturation patterns of their normal counter-
parts. MFC is faster compared to molecular methods, 
which makes it useful for immediate therapeutic de-
cisions. Indeed, MFC is less labor intensive and more 
widely available than PCR methods. MFC has high 
applicability (LAIPs can be identified in more than 
90% of patients with ALL) and do not require infor-
mation about the diagnostic immunophenotype. 
[28,30]

Sensitivity of conventional MFC-MRD detection is 
about 1 log lower than that for the molecular methods 

(10-4), [12,33] although the concordance between 
the paired RTpPCR and MFC-MRD results has been 
demonstrated in children and in adults. [19,31,34] 

MFC performance can be influenced by the similari-
ties between leukemic lymphoblasts and regenera-
tive lymphoid precursors. [35]  In addition, phenotyp-
ic shifts that occur in residual leukemic cells, as well as 
in normal regenerative cells during therapy, can lead 
to false-negative or false-positive results. [35]  

The conventional MFC-MRD has limited interlabora-
tory standardization, which makes the interpretation 
of results susceptible to the experience of each flow 
cytometry analyst. As a result, this heterogeneity of 
approaches to MRD detection generates the differ-
ences in sensitivity and specificity of tests among 
laboratories. The development of NGFlow, a fully 
standardized MFC technology, can decrease the sub-
jectivity of the interpretation of MRD assays, reach-
ing high sensitivity of the test (10-6) which is directly 
related to the number of cells (> 5 million) analyzed. 
[27,29] Like other methods, NGFlow MRD requires 
training and knowledge. [29]  Therefore, MFC-MRD 
requires significant technical expertise [28-30] 

Anti-CD19 therapies influence the detectability of 
residual leukemic cells, due to the partial or total loss 
of the main markers for the detection of MRD of B 
cell precursor (BCP)- ALL. [36] Different approaches 
are necessary for the detection of MRD in the con-
text of anti-CD19 immunotherapies. [36]  However, 
there is no consensus on the best MFC strategies for 
this purpose. 

In summary, conventional MFC and RTpPCR can 
achieve sensitivity levels similar to those of NGS, 
up to a detection limit of 10-4 for MRD assessment, 
but NGS can achieve a higher degree of sensitivity 
and specificity than both. [20,28,30]  However, NG-
Flow has been shown to achieve similar sensitivity 
to RTpPCR in the MRD of BCP-ALL.27 To date, there 
have been no comparative studies on the sensitivity 
between NGS and NGFlow.

Genetic factors and MRD response

Genetic abnormalities associated with some sub-
types of ALL are significantly associated with MRD 
status during treatment. [37] Adult patients with 
Philadelphia-like ALL, KMT2A -MLL gene rearrange-
ment, and early T-cell precursor ALL (ETP-ALL) ap-
pear to have relatively poor outcomes regardless of 
MRD status (at a sensitivity level of 10-4). These dis-
ease subtypes are also more likely to have persistent 
MRD, despite intensive therapy.30 Patients with high 
risk cytogenetics are generally associated with poor 
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outcomes, even achieving a good response with un-
detectable MRD at any moment during treatment. In 
a cohort of 3113 patients treated on UKALL2003, the 
distributions of MRD results at the end of induction 
therapy were different in groups of patients with dif-
ferent genetic subtypes (p <0.001). [38] Patients with 
good-risk cytogenetics (ETV6-RUNX1, high hyper-
diploidy) demonstrated faster clearance of leukemic 
cells (MRD by PCR Ig/TCR rearrangement with a limit 
of detection of 1x10-5), while patients with high-risk 
cytogenetics (iAMP21, KMT2A rearrangement, hap-
loid/ hypodiploid) and T-cell acute lymphoblastic 
leukemia responded more slowly. [38] Intermedi-
ate-risk patients who had genetic heterogeneity and 
variable MRD kinetic:  TCF3-PBX1 or t(1;19) exhibited 
a fast disease clearance, but these patients needed 
more intensive therapy to avoid relapses. [38,39] 
Other BCP- ALL with normal or abnormal cytogenet-
ics, and also alterations of copy number, such as ABL-
class fusions, JAK-STAT abnormalities, IKZF1 dele-
tion, IKZF plus usually have slower disease clearance 
with prolonged persistence of MRD. [38] Although 
the risk of relapse is directly proportional to the level 
of MRD in each genetic risk group, the absolute risk 
of relapse associated with a specific level of MRD var-
ies according to the genetic subtype. The integration 
of genetic information and MRD results can improve 
risk algorithms for treatment decisions. [38-41]

Hypodiploidy:  in a retrospective cohort, the Chil-
dren’s Oncology Group observed that alloSCT has no 
impact on the outcome of children and young adults 
with hypodiploid BCP-ALL in CR1. Patients with MRD 
< 0.01% by MFC at end of induction therapy had 
5-year EFS of 66.3% ± 7.9% with alloSCT (n = 39) and 
60.3 ± 9.2% without (n = 35; p = 0.77). Five-year OS 
was 79.5% ± 6.7% with SCT and 66.7% ± 8.8% with-
out (p= 0.39). Furthermore, CIR did not differ sig-
nificantly between chemotherapy and SCT groups 
(p=0.22) [42]. 

KMT2A (MLL) rearrangements:  these occur more 
frequently in BCP- ALL, but also in a small fraction of 
T-ALL (5-10% of T-ALL patients), mainly in pediatric 
patients (80% infants), in different proportions and 
types of molecular lesions. [39,43] The presence of 
these molecular signatures associated with MRD sta-
tus determines a high proportion of refractory dis-
eases, despite intensive therapies. [30,38,39] 

BCR–ABL–like or Philadelphia like ALL: is a sub-
group of BCP -ALL which has a gene expression pro-
file similar to that of BCR–ABL1–positive ALL, with a 
high frequency of IKZF1 alterations, but lacking the 
BCR–ABL1 fusion protein. This subtype comprises 
10% of the cases of BCP-ALL in children and 25% of 

the cases of ALL in adolescents and young adults. 
[39] The spectrum of genetic alterations is diverse, 
including rearrangements involving tyrosine kinase 
genes such as ABL and PDGFR, which respond to TKI. 
[44,45]  Other rearrangements target JAK and EPOR, 
which are sensitive to JAK inhibitors in preclinical 
studies. [46] In addition, rearrangements involving 
the cytokine receptor gene CRLF2, which were iden-
tified in 50% of patients with BCR-ABL1 like ALL, are 
often associated with JAK mutations and also po-
tentially sensitive to JAK inhibition. [47,48] In most 
studies, CRLF2 rearrangements are associated with 
a poor prognosis, particularly in cases with concom-
itant IKZF1 alterations. [48] However, risk-oriented 
therapy, including intensive chemotherapy with or 
without alloSCT based on the level of MRD during 
induction therapy, can eliminate the poor prognosis 
of this group of patients. [33] 

IKZF1 deletions: these also occur in a subset of pa-
tients with poor-response, high-risk ALL without any 
known chromosomal rearrangement IKZF1 plus is 
characterized by IKZF1 deletions co-occurring with 
other copy number alterations. [39] IKZF1 plus had 
no prognostic impact in patients with undetectable 
MRD after induction therapy, but in patients with 
persistent positive MRD, they faced a 10-fold higher 
relapse rate in stratified analyses by MRD levels, de-
scribing a very poor and MRD-dependent prognos-
tic profile in BCP-ALL [49]

CRLF2 rearrangements: these are also observed in 
50% of ALL patients with Down syndrome, responsi-
ble for the inferior outcome due to the increased risk 
of relapse. In addition, these patients also have high 
rate of treatment–related mortality. [39,48] 

ALL with intrachromosomal amplification of 
chromosome 21 (iAMP 21): this is considered an 
ALL subtype of high-risk cytogenetics and requires 
an intensive treatment modality. [38,50,51] Intensi-
fication of chemotherapy has ended the poor prog-
nosis once associated with this ALL subtype. [50] The 
BFM group considered that MRD alone identifies 
high-risk patients with iAMP21. [52] 

Philadelphia chromosome (BCR-ABL1)- Ph1+ 
ALL: this occurs in about 3% of children with ALL 
and has been considered associated with poor out-
come, despite intensive chemotherapy regimens 
and alloSCT. The introduction of TKI has markedly 
improved outcomes, avoiding alloSCT in MRD neg-
ative patients, but relapse remains the main cause 
of treatment failure. [31,53] MRD kinetics in children 
with Ph1+ ALL who reached MRD ≤ 10-4 leukemic 
cells at the end of induction therapy, evaluated by 



J O U R N A L  O F  B O N E  M A R R OW  T R A N S P L A N TAT I O N  A N D  C E L LU L A R  T H E R A P Y   J B M T C T

3 5

RTqPCR (Ig/TCR and BCR-ABL1 fusion transcript with 
sensitivity of 10-4) [53] or by MFC and Ig/TCR rear-
rangements31 suggest that early MRD negativity 
was related to lower risk of relapse and that they 
could achieve high survival rates without alloSCT. 
Persistence of MRD in children with Ph1+ ALL at later 
time points of therapy was associated with a higher 
incidence of disease relapse. [53] Similar results were 
observed in adult Ph1+ ALL patients. [32] The inci-
dence of Ph1+ALL is 20-30% of adult patients with 
ALL. Achieving a deeper molecular response (RTqP-
CR for BCR-ABL1 transcripts with a limit of detection 
of 10-4 to 10-5) with intensive chemotherapy plus 
one TKI has been associated with superior outcomes, 
despite not undergoing alloSCT in first remission. 
[54] MRD has also been shown to predict outcomes 
in patients with Ph1+ ALL in a variety of situations, 
such as in patients undergoing regimens based on 
non-intensive induction therapy, including TKI plus 
corticosteroids, as well as TKI plus chemotherapy, 
whether or not followed by consolidation with allo-
SCT, according to age, molecular response, clinical 
eligibility and donor availability. [55,61] .In these se-
ries, the complete molecular remission achieved un-
til 1 or 2 cycles of the induction therapy is associated 
to higher disease free survival (DFS) and lower CIR.
[55,61] On the other hand, based on MRD kinetics by 
the evaluation of BCR-ABL1 transcript, patients who 
underwent alloSCT in CR1, after chemotherapy plus 
dasatinib,  showed a significant difference in DFS (p 
= 0.0018) and CIR (p = 0.0015) between early stable 
molecular responders (after 2 cycles of treatment) 
and poor molecular responders. However, there was 
no difference between early stable molecular re-
sponders and late molecular responders. [62]

The role of alloSCT is controversial with the result-
ing improvements seen by incorporating TKIs into 
first-line regimens for Ph1+ ALL. Although the ther-
apy intensification with alloSCT still represents a 
good curative option, the introduction of novel ap-
proaches with ITK and immunotherapeutic agents 
is likely to improve the outcome of these patients 
further, and might  mean that SCT can be avoided 
in a proportion of cases. [54,61] Nevertheless in any 
situation, MRD plays a role in guiding the best treat-
ment choices. 

Although several studies have shown the impact of 
molecular lesions on the ALL prognosis based on 
retrospective studies, it is difficult to incorporate this 
information into the MRD data to refine the prog-
nosis in the face of therapeutic intensification. [30] 
Controlled studies can associate this information 
and establish treatment algorithms to improve the 
management of patients with ALL.

T Immunophenotype ALL and MRD response

T-ALL shows a slower blast clearance compared with 
BCP-ALL in the context of identical therapy, prov-
ing that they are biologically different diseases. The 
AIEOP-BFM 2000 protocol evaluated the impact of 
MRD by PCR in 464 T-ALL. This study showed that 
patients with MRD  < 0.01% at the end of induction 
therapy has the most favorable prognosis, however, 
patients who became MRD negative by the end of 
consolidation also had a favorable outcome. [7]  In 
contrast, patients who continued to show a high 
MRD level (≥ 0.1%) at the end of consolidation phase 
had a high relapse risk. [7] 

MRD is also prognostic in early T-cell precursor ETP-
ALL, a more aggressive subset of T-ALL, which ac-
counts for 15% of all T-cell ALL in children and 35% 
in adult T-cell disease. It is also associated with high 
MRD levels post-induction therapy and also inferior 
long-term outcomes. [63,64] The low frequency of 
this type of leukemia makes it difficult to guide treat-
ment, although there is a consensus on more inten-
sive treatment for this group of patients. [63] Thera-
py intensification, mainly based on high MRD status, 
resulted in a comparable outcome for ETP-ALL and 
non-ET-ALL patients. [65]

Adult T-ALL treatment groups demonstrated that pa-
tients who did not achieve molecular remission (MRD 
> 10-4) after induction therapy have a lower survival 
rate than patients with MRD-negative (< 10-4). [64] 

The GMALL group has reported a beneficial effect of 
alloSCT in patients with early and mature T immuno-
phenotype, who had 10 years of OS of 25% without al-
lo-SCT vs 59% for those who underwent allo-SCT. [66] 

Genetic lesions in T–ALL are diverse and complex, but 
their prognostic impact is not well defined and they 
are not widely used for risk stratification.39 Mutation 
of the NOTCH1/FBXW7 was found in at least 60% of 
adult patients with T-ALL, which has been described 
as a good-risk group with significantly higher OS and 
lower CIR rates in patients without PTEN or NK-RAS 
mutations. However, this result was not reproducible 
among the treatment groups and there are limitations 
in the use of these data for treatment decisions. [64] 

SAMPLES FOR MRD ASSESSMENT 

Bone marrow (BM) samples are preferable used for 
BCP-ALL instead of peripheral blood (PB) for ALL 
MRD, regardless of the method used, because the 
frequencies of BCP-ALL cells in paired PB and BM 
samples are significantly higher in BM than in PB, 
ranging from 1 to 3 logs. On the other hand, a strong 
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correlation can be observed between the frequen-
cies of T-ALL cells in PB and BM, but the differences 
can occur up to 1 log, in favor of BM samples. [29] 

MRD ASSESSMENT REPORT 

To allow a correct interpretation of the MRD results, 
the MRD report must provide clear information 
about the MRD result and the MRD technique used, 
including the limits of detection and quantification 
achieved by the specific assay used, which are pa-
rameters of the sensitivity of the method. [67,68] 

CONCLUSION

Relapse remains the main cause of treatment failure 
in patients with ALL who have undergone allogeneic 
SCT. Currently, MRD is the most important prognos-

tic parameter that can guide clinical decisions in this 
scenario. However, it is essential to have criteria to 
incorporate MRD results into clinical management  
Evaluation of  each information discussed below and 
how the treatment used can impact the therapeutic 
response are crucial.  Thus, a more accurate choice  
of a better treatment option for each ALL-patient can 
be made.
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