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A B S T R A C T

Purpose
Disease dissemination to the bone marrow is detected at diagnosis in approximately 15% of

children with T-cell lymphoblastic lymphoma (T-LL). It is unclear whether the remaining patients
have submicroscopic systemic disease and, if so, what is the clinical significance of this finding.

Patients and Methods

Using a flow cytometric method that can detect one T-LL cell among 10,000 normal cells, we
examined bone marrow and peripheral-blood samples collected from 99 children with T-LL at
diagnosis, as well as blood samples collected from 42 patients during treatment.

Results
In 71 (71.7%) of the 99 marrow samples obtained at diagnosis, T-LL cells represented 0.01% to

31.6% (median, 0.22%) of mononuclear cells; 57 of the 71 T-LL—positive samples were from
patients with stage Il/Ill disease. Results of studies in bilateral marrow aspirates were highly
concordant. Two-year event-free survival (EFS) was 68.1% =+ 11.1% (SE) for patients with = 1%
T-LL cells in bone marrow versus 90.7% = 4.4% for those with lower levels of marrow
involvement (P = .031); EFS for patients with = 5% lymphoblasts was 51.9% = 18.0% (P = .009).
T-LL cells were as prevalent in blood as in marrow; monitoring residual T-LL cells in blood during
remission induction therapy identified patients with slower disease clearance.

Conclusion

More than two thirds of children with T-LL have disseminated disease at diagnosis, a proportion
much higher than previously demonstrated. Measurements of disease dissemination at diagnosis
might provide useful prognostic information, which can be further refined by monitoring response
to therapy through blood testing.

J Clin Oncol 27:35633-3539. © 2009 by American Society of Clinical Oncology

marrow involvement at diagnosis by morphologic
examination of bilateral marrow aspirates and biop-
sies."””® However, distinguishing lymphoma cells
from normal lymphocytes and lymphoid progeni-
torsis difficult, and the true extent of disease dissem-

Lymphoblastic lymphoma represents approxi-
mately one third of childhood non-Hodgkin’s lym-
phomas."* In most cases, lymphoma cells express

markers associated with thymic differentiation, in-
cluding T-cell markers and terminal deoxynucleoti-
dyl transferase (TdT),> hence the classification of
T-cell lymphoblastic lymphoma (T-LL). Because
cell marker expression overlaps that of T-lineage
acute lymphoblastic leukemia (T-ALL), the clinical
distinction between the two entities is arbitrarily de-
termined by the degree of bone marrow involve-
ment: patients with more than 25% lymphoblasts
are classified as having T-ALL, whereas those with a
lesser degree of marrow replacement or no detect-
able lymphoblasts are classified as having T-LL.°
More than 80% of patients with T-LL do not have

ination in patients with T-LL is unclear.

It might be possible to detect submicroscopic
disseminated disease in patients with T-LL with mo-
lecular methods used for minimal residual disease
(MRD) monitoring in T-ALL, such as polymerase
chain reaction (PCR) amplification of genetic ab-
normalities and clonal T-cell receptor (TCR) gene
rearrangements.”'* Indeed, in a proportion of T-LL
cases, lymphoblasts express gene fusions suitable for
PCR analysis,'' and most cases should have clonal
TCR rearrangements.12 However, these methods re-
quire the identification of a clone-specific molecular
target in each case through the initial analysis of
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tumor cells, which are often unavailable owing to the small size of the
sample typically obtained from the primary tumor mass.

The characteristic immunophenotype of T-LL cells with coex-
pression of T-cell markers and TdT is not found among normal bone
marrow and peripheral-blood cells,'>'*'® and has been used to mon-
itor MRD in patients with T-ALL."** Therefore, it should be possible
to identify circulating lymphoma cells by this phenotype. In this study,
we applied this approach to determine the extent of bone marrow
involvement at diagnosis in patients with T-LL and assess the feasibil-
ity of monitoring treatment response using peripheral blood.

Patients, Samples, and Treatment Protocol

Bone marrow and peripheral-blood samples (n = 411), collected in
preservative-free heparin, were obtained at diagnosis and/or during remission
induction therapy from 112 patients (median age, 11.0 years; range, 1.4t0 26.3
years) diagnosed with T-LL and enrolled onto the Children’s Oncology Group
Study A5971 at 84 institutions and sent via overnight courier to the reference
laboratory at St Jude Children’s Research Hospital in Memphis, TN. Ofthe 411
samples, 402 (97.8%; from 111 patients) had sufficient viable cells for flow
cytometric studies. The diagnosis of T-LL was established from clinical, histo-
logic, and immunochemistry findings.” Morphologic assessment of marrow
involvement was performed on bilateral aspirates and/or biopsies. We also
studied marrow and blood samples of 33 healthy donors and 42 patients with
non T-cell acute leukemia in complete remission. These studies were approved
by the institutional review boards of the participating institutions, with in-
formed consent obtained from the patients, parents, or guardians.

Patients received remission-induction therapy (vincristine, daunoru-
bicin, prednisone, L-asparaginase, cytarabine), followed by consolidation
(cyclophosphamide, cytarabine, mercaptopurine, prednisone), interim
maintenance (methotrexate, mercaptopurine), delayed intensification
(vincristine, daunorubicin/doxorubicin, L-asparaginase, dexamethasone,
cyclophosphamide, cytarabine, thioguanine), and maintenance therapy
(vincristine, prednisone, methotrexate, mercaptopurine), with intrathecal
methotrexate in all phases of treatment. There was a double randomization for
high-dose methotrexate during interim maintenance versus extended intra-
thecal methotrexate and inclusion versus exclusion of intensification with
cyclophosphamide and anthracycline.

Detection of T-LL Cells by Flow Cytometry

Mononuclear cells, separated on a density step (Accu-Prep, Accurate
Chemical, Westbury, NY), were labeled with phycoerythrin-conjugated anti-
CD5 (Dako, Carpinteria, CA) and a mixture of allophycocyanin-conjugated
anti-CD33 and anti-CD19 (Becton Dickinson, San Jose, CA). After perme-
abilization with reagent 8E (developed in our laboratory from a propri-
etary formula), cells were stained with fluorescence isothiocyanate (FITC)
-conjugated anti-TdT (Supertechs, Rockville, MD) and peridinin chlorophyll
protein—conjugated anti-CD3 (Becton Dickinson). Anti-TdT-FITC was re-
placed by a FITC-conjugated isotype-matched nonreactive immunoglob-
ulin (Becton Dickinson) in control tubes. In selected tests, we used 9-color
staining including the following antibodies: anti-CD34-FITC, anti-CD3-
peridinin chlorophyll protein (cytoplasmic), anti-CD19- and anti-CD33-
allophycocyanin, anti-CD5-PECy7, anti-HLA-Dr-APCCy?7, anti-CD4-Pacific
Blue, anti-CD8-AmCyan, anti-CD3-Alexafluor 700 (surface; all from Becton
Dickinson), and anti-CD1a- (Beckman Coulter, Miami, FL) or anti-CD99-
phycoerythrin (Becton Dickinson). Cells (2 to 5 X 10> in each sample) were
analyzed with dual-laser FACSCalibur or three laser LSR II flow cytometers
(both from Becton Dickinson) using the protocol shown in Appendix Figure
A1 (online only).

T-Cell Receptor Clonality Assay
To analyze the clonality of TCR genes, marrow samples from three
surface-CD3™ T-LL cases were depleted of surface-CD3 ™ cells with anti-CD3

3534  © 2009 by American Society of Clinical Oncology

antibody and Dynabeads (Invitrogen, Carlsbad, CA) to minimize the back-
ground caused by the polyclonal TCR rearrangement of normal T cells. We
isolated DNA via QIAmp Blood Mini Kit (QIAGEN, Valencia, CA), per-
formed PCR amplification of TCR-S, -7, and -8 genes,ZS‘% and ran PCR
products on a 3% agarose gel. Prominent TCR delta bands were further
examined for specific clonal rearrangements on 6% acrylamide gel via hetero-
duplex analysis.?”

Statistical Analysis

Associations between presenting features and presence of T-LL cells by
flow cytometry were analyzed with the x* or the Fisher’s exact test. We used the
log-rank test to compare Kaplan-Meier estimates of event-free survival (EFS)
and overall survival (OS) (follow-up observations to August 2008), and esti-
mated cumulative incidence of any relapse according to Kalbfleisch and Pren-
tice.*® A multivariate proportional hazards regression analysis including all
presenting features shown in Table 1 was performed to identify prognostic
factors affecting EFS and OS. Patients with bone marrow involvement (= 5%
T-LL cells by morphologic analysis of bone marrow aspirates and/or focal
infiltration by histologic analysis of bone marrow biopsies) and/or CNS in-
volvement were classified as having stage IV disease. The relation between
percentages of T-LL cells in bilateral marrow aspirates and in paired marrow
and in blood samples was analyzed by the Spearman’s rank correlation test. All
reported P values were two-sided.

Validation of the T-LL-Specific Inmunophenotype

To test the specificity of the flow cytometric assay for T-LL cells,
we examined 47 marrow and 28 blood samples collected from healthy
donors (n = 33) and patients with non-T cell leukemia in remission
(n =42), including marrow samples with hematopoietic regeneration
and numerous hematogones. Mononuclear cells expressing the T-LL
phenotype were consistently absent in these samples. To test the sen-
sitivity of the assay, we mixed various proportions of marrow cells
from a patient with T-LL (containing 30% T-LL lymphoblasts by flow
cytometry) and marrow cells from a healthy donor. T-LL cells were
clearly detected in 1:10,000 mixtures, when T-LL cells represented
0.003% of the mononuclear cell population (Appendix Fig A2, online
only). Considering that less than 2 X 10° mononuclear cells might be
available for analysis in clinical samples and that at least 10 to 20 target
cells are required for reliable flow cytometric analysis, we set the
threshold sensitivity of the assay to 0.01%.

Detection of Disease Dissemination in Bone Marrow
Samples of Patients With T-LL at Diagnosis

We detected cells expressing the T-LL immunophenotype in the
marrow aspirate of 71 (71.7%) of 99 patients with newly diagnosed
T-LL, ranging from 0.01% to 31.6% (median, 0.22%). Percentages of
T-LL cellsin paired bilateral aspirates, available in 31 of the 99 patients,
were highly concordant: = 0.01% of T-LL cells were detected in both
aspirates in 24 pairs, whereas no T-LL cells were present in the remain-
ing seven pairs (r = 0.9566; P < .0001; Fig 1).

In 28 of the 99 patients, no T-LL cells were detected. To address
the possibility of false-negative results caused by lack of TdT, CD3, or
CD5 expression in T-LL cells, we examined the results of the immu-
nohistologic analysis of primary tumor samples, available for 60 of the
99 patients (including 16 of the 28 flow cytometry—negative cases). In
all 60 patients, T-LL cells expressed CD3 and/or CD5, and in 58
patients, (96.7%) T-LL cells expressed TdT. Of the two cases deemed
to be TdT negative in the primary tumor, one had TdT-positive T-LL
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Table 1. Relationship Between T-LL Cells Detected by Flow Cytometry in Bone Marrow at Diagnosis and Other Presenting Features
Positive (n = 71)
Presenting Feature Negative, < 0.01% (n = 28) 0.01%-<0.1% (n = 28) 0.1%-<1% (n = 17) = 1% (n = 26) P*
Age, years .046
<10 8 20 5 1
=10 20 8 12 15
Sex 14
Female 9 6 3 4
Male 19 22 14 22
Race 71
White 22 24 12 15
Black 1 2 8
Other 2 3 3 3
LDH, U/L .0027
< 2X upper limitt 8 14 1 19
> 2X upper limit 20 14 6 7
Corticosteroids before test# 46
No 8 8 5 9
Yes 17 15 8 9
CNS involvement$ 72
No 24 28 17 21
Yes 2 0 0 4
Mediastinal involvement .60
No 5 4 4 9
Yes 23 24 13 17
Stage$ .060]|
Il 1 0 1 1
I 26 26 14 15
[\ 1 2 2 10
Two-year EFS, %
Mean 85.0 92.9 93.3 68.1
SE 9.9 5.9 7.3 1.1
Type of event
Relapse in primary site only
No. of events 3 1 0 0
Months from diagnosis 4,7,18 3
Hematologic relapse
No. of events 0 0 2 5
Months from diagnosis 8, 31 1,929 10, 17
CNS or testicular relapse
No. of events 0 0 0 2
Months from diagnosis 4, 21
Death in remission
No. of events 0 1 0 0
Months from diagnosis 5
Abbreviations: T-LL, T-cell lymphoblastic lymphoma; LDH, lactate dehydrogenase; EFS, event-free survival.
“P values were obtained by the x? test or the Fisher's exact test for the association between each presenting feature and T-LL cells (positive v negative).
12X upper limit of LDH value obtained at each institution was used as a cut-off.
$Data not available for all patients.
8As determined by the morphologic examination of bone marrow aspirates (= 5% cells with T-LL morphology indicates bone marrow involvement) and of
bilateral biopsies.
||P value for the association between stages II-1ll and stage IV and T-LL cells (positive v negative).
fIRefractory disease.

cells clearly detectable in marrow and blood by flow cytometry, a
discrepancy likely due to the lower sensitivity of immunohistology.
Because circulating TdT™ CD3™ cells were undetectable in the other
case, we used a nine-marker flow cytometric assay (which does not
rely on TdT expression) to reexamine the marrow of this patient and
that of nine other patients whose primary tumor had not been studied
for TdT expression. This methodology, however, also showed absence
of T-LL cells (Appendix Fig A3A, online only). Thus false-negative

WWW.jco.org

results owing to lack of expression of the targeted cell marker profile
are highly unlikely.

To further validate the results of the assay, we searched for clonal
TCR gene rearrangements in three marrow samples (morphologically
negative). One had 1.3% T-LL cells by flow cytometry, whereas the
other two were negative (< 0.01% T-LL cells). No clonal bands were
detected in the latter samples by PCR analysis of TCR-f3, -, and -6
genes, whereas the flow cytometry—positive sample had a TCR-6
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Coustan-Smith et al

A
1004 n = _
n=0 n_24/
/
/
/
10 ),
/
/s

. /
= 11 /
= /
= 7
o /

0.1 /

/
/
/.
0.01 7
[ )
n=7 n=0
0.01 0.1 1 10 100
Left (%)

Left Right

102 10°  10° 108 102100 10° 10°
TdT TdT

102 10°  10°  10° 102 10°  10¢  10°
TdT TdT

Fig 1. Detection of T-cell lymphoblastic lymphoma (T-LL) cells by flow cytometry in bilateral aspirates. (A) Relation between percentage of T-LL cells detected by flow
cytometry in paired aspirates from left and right iliac crest (r = 0.9566; P < .0001 by Spearman’s rank correlation). The dashed line indicates the line of identity. (B)
Flow cytometric dot plots illustrate findings in two representative pairs of bone marrow aspirates, one with TLL cells (top panels) and the other with no detectable
disease (bottom panels). Percentage of terminal deoxynucleotidyl transferase (TdT)* CD3" cells among bone marrow mononuclear cells is shown.

clonal band. Clonality was confirmed by heteroduplex analysis; se-
quencing indicated the presence of a Ddelta2-N-Ddelta3 clonal rear-
rangement. The heteroduplex analysis was also performed in one of
the two negative samples resulting in no visible clonal bands, confirm-
ing the lack of TCR-6 clonal rearrangements (Appendix Fig A3B).
These results substantiate the specificity of the flow cytometric assay.

Relation Between Flow Cytometric Detection of
T-LL Cells and Presenting Features, Staging, and
Treatment Outcome

Detection of T-LL cells by flow cytometry was more prevalent
among younger patients (< 10 years; P = .046) and, surprisingly,
among patients with lower serum lactate dehydrogenase (P = .0027),
but was not significantly related to other presenting features, such as
sex, race, CNS or mediastinal involvement, or staging (Table 1). How-
ever, patients with = 1% marrow T-LL cells had a higher prevalence of
CNS involvement (four of six v 21 of 90 with lower levels or no
detectable CD3* TdT™ cells; P = .038) and of stage IV disease (10 of
15v16 0f84; P <.001). Five patients with stage IV disease had less than
1% leukemic lymphoblasts by flow cytometry. In two of the five
patients, disease was classified as stage IV because of CNS involvement
alone with no evidence of marrow involvement by morphology: one
of these patients had detectable T-LL cells by flow cytometry in mar-
row (0.20%), whereas the other did not. Two other patients had a
positive marrow biopsy with morphologically negative aspirates; both
had T-LL cells detectable by flow cytometry in the aspirate, represent-
ing 0.05% and 0.09% of mononuclear cells. Finally, one of the five
patients had a negative biopsy but 16% blasts recorded in the aspirate.
T-LL cells were also detected in the aspirate by flow cytometry but at
much lower levels (0.22%), a result that was confirmed by re-
examination of the sample with additional markers. The reason for
this apparent discrepancy is unclear. Of the 84 patients with stage IT or
stage I1I disease (ie, no bone marrow involvement by morphology), 57

3536 © 2009 by American Society of Clinical Oncology

(67.9%) had detectable disease by flow cytometry; 16 of these had
= 1% leukemic lymphoblasts (Table 1; Fig 2). Although some patients
received a short course of corticosteroids before enrollment and bone
marrow aspiration, this was not significantly related to the prevalence
of disease dissemination (Table 1).

100

10

T-LL Cells (%)

0.01 4

Undetectable

Stage Il Stage Il Stage IV

Fig 2. Percentage of T-cell lymphoblastic lymphoma (T-LL) cells in bone marrow
at diagnosis as detected by flow cytometry according to disease stage based on
conventional criteria. Horizontal bars indicate the median value in each group.
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Two-year EFS (£ SE) for the 99 patients was 84.6% = 4.6%.
Levels of T-LL cells analyzed as a continuous variable were signifi-
cantly associated with EFS (P = .026). Two-year EFS was 51.9% *
18.0% for patients with = 5% T-LL cells by flow cytometry (n = 9)
versus 88.7% = 4.3% for the remaining patients (n = 90; P = .009);
using a cutoff level of = 1%, the 2-year EFS was 68.1% = 11.1% for
patients with higher levels of disease dissemination (n = 26) versus
90.7% = 4.4% for those with lower levels (n = 73; P = .031; Fig 3). The
2-year cumulative incidence of relapse was 48.2% * 19.3% for pa-
tients with = 5% T-LL cells versus 10.1% = 3.5% for the remaining
patients (P = .009), and 31.9% = 10.6% for those with = 1% lym-
phoblasts versus 7.9% = 3.5% for those with lower levels of disease
(P = .018). Two-year OS was lower for patients with = 1% lympho-
blasts (74.2% * 10.9% v 92.5% = 4.0%) and for the subgroup with
= 5% lymphoblasts (70.0% = 19.2% v 89.5% * 4.1%), but these
differences were not statistically significant.

The 2-year EFS of patients with levels of disease between 0.01%
and less than 1% did not differ significantly from that of patients with
negative flow cytometric findings (Table 1). However, all nine relapses
that involved the bone marrow and/or other nonprimary sites oc-
curred among the 43 patients with = 0.1% T-LL cells; none occurred
among the remaining 56 patients with lower levels or no detectable
disseminated disease (P < .01). By contrast, all four local relapses
occurred in the latter group (Table 1).

Of all other presenting features examined, stage IV disease was
significantly associated with a lower EFS, as compared with stage /11T
(2-year EFS, 60.3% * 14.4% v 89.8% = 4.3%; P = .005). Neither
conventional staging nor flow cytometric detection of T-LL cells
were significantly associated with EFS in a multivariate propor-
tional hazard regression analysis that included both variables as well
as the other presenting features shown in Table 1, probably as a result
of the overlap of the two measurements and the low number of
events observed.

Disease Dissemination and MRD in Peripheral Blood
Of the 99 patients studied, 90 patients also had paired blood
samples available for flow cytometric studies. Every patient with de-

tectable disease in marrow also had detectable disease in blood
(r = 0.8699; P < .0001; Fig 4). Of note, in eight patients, T-LL cells
were detectable in blood but not in marrow, suggesting that examina-
tion of blood might allow a more sensitive detection of disseminated
disease. These results also suggested the possibility of monitoring T-LL
cell clearance during therapy by sequential blood testing. We therefore
examined 153 blood samples obtained on days 7, 14, 21, and/or 28 of
remission-induction therapy from 42 patients with available diagnos-
tic samples. In 32 patients, blood at diagnosis was positive for T-LL
cells, and in 10 patients, it was negative. Eleven of the 42 patients had
T-LL cells detectable by flow cytometry in one or more of the
follow-up samples (Appendix Table A1, online only). None of the 10
patients with no circulating T-LL cells at diagnosis were MRD positive
in subsequent tests.

Appendix Figure A4 (online only) shows the kinetics of disease
clearance in 30 patients who had circulating T-LL cells at diagnosis and
measurements on day 7 of remission-induction therapy. In 11 pa-
tients, T-LL cells remained detectable during treatment, whereas in the
remaining 19 patients, there was rapid clearance of circulating T-LL
cells, which became undetectable on day 7 of therapy (in one patient,
MRD reemerged on day 28). This part of the study was designed to
determine the prevalence of MRD during remission induction ther-
apy and not its clinical significance (the median follow-up for this
48-patient cohort is less then 2 years). Interestingly, however, the only
two patients who had a systemic relapse among the 42 patients studied
had detectable T-LL cells during remission induction therapy.

We found that more than two thirds of children with T-LL have
disseminated disease at diagnosis. The concordant results obtained in
bilateral marrow aspirates and the correlation between measurements
in paired marrow and blood samples demonstrate that disease dissem-
ination is systemic rather than focal. Whether T-LL and T-ALL repre-
sent the spectrum of the same disease or are distinct entities has been a
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Fig 3. Event-free survival according to levels of T-cell lymphoblastic lymphoma (T-LL) cells in bone marrow at diagnosis measured by flow cytometry: (A) < 5% and

= 5% T-LL cells; (B) < 1% and = 1% T-LL cells.
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Fig 4. Detection of T-cell lymphoblastic lymphoma (T-LL) cells in peripheral blood. (A) Relation between percentage of T-LL cells detected by flow cytometry in paired
bone marrow and peripheral-blood samples at diagnosis (r = 0.8699; P < .0001 by Spearman’s rank correlation). The dashed line indicates the line of identity. (B) Flow
cytometric dot plots illustrate findings in two representative marrow/blood paired samples, one with T-LL cells (top panels) and the other with no detectable disease
(bottom panels). Percentage of terminal deoxynucleotidyl transferase (TdT)™ CD3* cells among mononuclear cells is shown.

matter of debate.*”' Our results indicate that most patients with
T-LL have a nonlocalized disease that strongly resembles T-ALL.
MRD assays have been applied to study minimal disseminated
disease in other types of lymphoma. Disseminated disease could be
detected in 12 of 33 patients with Burkitt’s lymphoma at diagnosis by
PCR amplification of (8;14)(q24;q32)*% presence of MRD during
treatment was associated with a poorer outcome,™ in line with find-
ings in adult patients with t(14;18) B-cell lymphoma.*® Disease dis-
semination was also detected in 47 of 52 children with anaplastic
large-cell lymphoma by PCR amplification of NPM-ALK transcripts,
a finding that was correlated with adverse prognosis.>> A flow cyto-
metric method to detect anaplastic large-cell lymphoma cells has been
developed, but its clinical significance has not yet been established.*®
Systematic studies in T-LL have been lacking, although an earlier study
by PCR amplification of TCR genes found evidence of disease in five of
seven children.'* Our results provide a definitive demonstration of the
high prevalence of disease dissemination in childhood T-LL and indi-
cate that the assay described here, which is at least 100-fold more
sensitive than morphology, could replace traditional staging. Because
the immunophenotype used to detect T-LL cells is virtually universal
for this lymphoma subtype, further characterization of the primary
tumor is generally not required. In cases with negative findings, how-
ever, we would recommend ensuring that the markers used were
expressed in the primary tumor and/or including additional markers
such as CD34, CD1a, and CD99 to rule out false-negative results.
Cure rates for patients with T-LL currently approach 90%.
However, contemporary ALL-type intensive therapy carries the risk of
serious sequelae.”® Among patients with T-LL, it has been difficult to
identify reliable predictors of treatment outcome and apply risk-
adapted therapy.””*>*! Although previous studies found no signifi-
cant differences in treatment outcome between patients with stage I1I
and stage IV disease,””"" those with stage IV disease in our group had
a significantly inferior outcome. If disease dissemination does influ-

37,38
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ence risk of relapse with contemporary therapy, then our results sug-
gest that flow cytometric staging could aid treatment stratification.
The flow cytometric test identified patients with high levels of disease
dissemination and a higher relapse hazard while requiring only one
marrow aspirate (or possibly a blood sample) instead of bilateral
aspirates and biopsies. In addition, the test could distinguish patients
with and without disease dissemination among those with stage I1/I11
disease, a parameter that, together with MRD measurements in pe-
ripheral blood, might become useful for risk assignment in future
regimens. We suggest that patients with no detectable disease dissem-
ination at diagnosis and persistentent MRD negativity could be can-
didates for reduction in treatment intensity. Conversely, patients with
persistentent MRD during remission induction therapy should be
closely monitored for disease progression and relapse.
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