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Abstract

Monitoring minimal residual disease (MRD) in patients with acute lymphoblastic
leukemia (ALL) is a useful way for assessing treatment response and relapse.

We studied the value of MRD and showed a correlation with relapse for 34 adult
patients with ALL. MRD was evaluated by real-time quantitative polymerase chain
reaction (RQ-PCR) with probes derived from fusion chimeric genes (BCR/ABL) (n=12)
or PCR-based detection of clonal immunoglobulin and T-cell receptor gene
rearrangements (n=16), or both (n=6). We analyzed 27 of the 34 patients who could be
examined for MRD on day 100 after induction therapy. The overall survival (OS) rate
(45.0%) and relapse-free survival (RFS) rate (40.0%) at 2 years in CR patients with
MRD level >10° (n=12) were significantly lower than those in CR patients with MRD
level <10 (n=15) (OS rate: 79.0%, RFS rate: 79.4%) (log-rank test, P=0.017 and
0.0007). We also applied multicolor flow cytometry for comparison with MRD results
analyzed by PCR methods. The comparison of results obtained in 27 follow-up samples
showed consistency in 17 samples (63.0%) (P=0.057). MRD analysis on day 100 is
important for treatment decision in adult ALL.

Key words: MRD; adult ALL; allogeneic transplantation; polymerase chain reaction;

flow cytometry
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Introduction

The prognosis of adult patients with acute lymphoblastic leukemia (ALL) is dismal.

Although most adult patients with ALL enter complete remission (CR), only 30% to

40% of patients survive 5 or more years (1). The major cause of treatment failure is

relapse, affecting approximately half of the patients who have achieved CR (2). Survival

depends on risk factors such as age, white blood cell (WBC) count, time to CR, disease

immunophenotype, cytogenetics, and molecular abnormalities (1), and several studies

have shown that detection of minimal residual disease (MRD) in childhood and adult

ALL is an independent risk parameter of high clinical relevance (3). Early indicators of

disease outcome would be particularly useful for the design of new treatments.

The rationale of MRD analysis is to improve estimation of treatment response, to

provide independent prognostic information, and to optimize therapeutic strategies.

Established methods for detecting MRD are polymerase chain reaction (PCR)

amplification of antigen receptor genes and of fusion transcripts and flow cytometric

detection of ectopic or aberrant immunophenotypes (4).

Flow cytometric detection of MRD is based on the identification of immunophenotypic

combinations expressed on leukemic cells but not on normal hematopoietic cells (4).

Abnormal antigen expression or leukemia-specific gene rearrangements or fusion



©CO~NOOOTA~AWNPE

transcripts are suitable for MRD detection; however, they cannot be identified in all

patients. Therefore, the complementary use of both methods might allow monitoring of

virtually all patients for MRD.

We previously reported that molecular MRD status by PCR amplification of antigen

receptor genes is a strong predictor of outcome in adult ALL (5). In this study, we

accumulated more patients and reevaluated the significance of MRD. We also compared

the two methods of MRD detection: PCR amplification and flow cytometry.
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Patients and methods

Patient characteristics

Atotal of 46 adult ALL patients were included in the study during the period from May
2001 to December 2007 at Hokkaido University Hospital and hospitals associated with
the Hokkaido Leukemia Study Group. They were registered with the study when the
diagnoses of ALL were made. Twelve of the 46 patients who entered the study were
excluded (patients with no IGH, TCR&, or TCRy clonal marker or fusion transcripts at
diagnosis (n=5), patients who died before or during induction chemotherapy (n=5), and
patients who did not achieve CR (n=2)). In total, MRD could be monitored in 34 of the
46 initial patients.

The characteristics of the 34 patients are summarized in Table 1. Seventeen (50.0%) of
the patients were male and 17 (50.0%) were female. Their median age was 48.5 years
(range, 15-79 years) and median duration of follow-up was 567.5 days (range, 49-2040
days). The median WBC count was 10.9 x 10° /L (range, 1.7-3272.5 x 10° /L). Thirty
patients had B-precursor ALL and 4 had T-ALL. Eighteen patients were Philadelphia
(Ph) chromosome-positive: 13 patients (55.6%) had p1908°R“BL transcripts, 3 patients
(16.7%) had p2105RBL transcripts, and the other 2 (11.1%) had both transcripts. One

patient was positive for SIL/TAL1 and another patient was positive for E2A/PBX1, but



©CO~NOOOTA~AWNPE

these fusion transcripts were not used to detect MRD. Eighteen (52.9%) of the 34

patients received chemotherapy only, and the remaining 16 (47.1%) received allogeneic

stem cell transplantation after chemotherapy. Eight patients had related donors and 8

patients had unrelated donors. Clinical characteristics of the patients are shown in Table

Twenty-six patients were treated with intravenous cyclophosphamide, vincristine,

daunorubicin or doxorubicin, etoposide, cytosine arabinoside, steroid, I-asparaginase,

with or without imatinib, and intrathecal methotrexate for induction therapy. One patient

received only imatinib, another patient received etoposide and imatinib, and another

patient was treated with idarubicin and cytosine arabinoside because the diagnosis of

acute myelogenous leukemia was made at the first time. The induction therapies for

other five patients were not known. The conditioning regimen for allogeneic

transplantation consisted of total body irradiation in combination with

cyclophosphamide and etoposide for 13 patients or fludarabine for 1 patient. The

conditioning regimen was unknown for the other three patients.

Clinical decisions concerning treatment of the patients were made by their physicians

regardless of MRD results. Enrollment in the study was contingent upon informed

consent of the patient. The study was approved by the Institutional Review Board of
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Hokkaido University Graduate School of Medicine.

Remission and relapse

Morphologic CR was defined as less than 5% blast cells in a regenerated bone marrow
(BM) aspirate, absence of extramedullary leukemia, and peripheral blood (PB)
neutrophil and platelet counts of > 1.5 x 10° /L and > 100 x 10° /L, respectively. Clinical
relapse was defined as detection of at least 5% blast cells in BM or detection of
leukemic cells extramedullary.

Sample processing

BM or PB was collected at the time of initial diagnosis and at several clinical points
(day 30 and day 100 after diagnosis, before the conditioning regimen, after
transplantation and any points at the end of each chemotherapy). Some samples were
collected after completion of the treatment. The samples were used for PCR study of
IGH/TCR rearrangements and BCR/ABL fusion gene transcripts. Some of the samples
were also used for flow cytometry study. A total of 231 samples (220 BM and 11 PB
samples) were analyzed; the median number of samples analyzed per patient was 6
(range, 2-22) (Table 3). For a total of 27 BM samples from five patients MRD was
analyzed by both PCR amplification and flow cytometry. We did not evaluate the

difference in values of MRD between BM and PB samples.
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Quantitative real-time PCR analysis of BCR/ABL

Samples were analyzed for BCR/ABL, TEL/AML1, MLL/AF4, MLL/AF9, MLL/AF6,
MLL/ENL, E2A/PBX1, and SIL/TAL1 chimeric genes. Samples were amplified by
real-time quantitative polymerase chain reaction (RQ-PCR) and quantified by parallel
amplification of serial dilutions of transcript-containing plasmids. A 10 sensitivity for
MRD detection could be obtained.

PCR analysis of IGH/TCR gene rearrangements

When a BCR/ABL chimeric fusion gene was not present, leukemia-specific probes were
generated by genomic amplification and sequencing of VVDJ regions of the
immunoglobulin heavy chain (IGH) and T-cell receptor & and y (TCRS and TCRY)
genes. The method of PCR analysis of IGH/TCR gene rearrangements has been
described previously (5). The sensitivity was 10, When two MRD probes gave
different results in the same patient, the higher MRD level was considered valid for the
purpose of the study.

Flow cytometry

Leukemia-associated immunophenotypes were identified by flow cytometry with
four-color combinations of monoclonal antibodies. The flow cytometric method used

has been described previously (6). For each case, one or more marker combinations that
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allowed the identification of one leukemic cell in 10°-10* normal nucleated cells were
selected at diagnosis and used to study MRD during therapy. This approach reached

sensitivities up to 10™.
Statistical analysis

Survival curves were plotted according to the method of Kaplan and Meier, and
comparison of the curves was made using log-rank tests. Overall survival (OS) was
measured from the date of induction therapy until death. Relapse-free survival (RFS)
was measured from the date of induction therapy until the date of relapse or death,
whichever occurred first. Univariate and multivariate analyses were performed to

evaluate the independent prognostic factors for OS and RFS by a Cox regression model.

10
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Results

Identification of MRD-PCR targets

Eighteen patients were Ph chromosome-positive and their MRD was detected by
BCR/ABL fusion transcripts. Thirty IGH/TCR gene rearrangements were found at
diagnosis in the 22 ALL patients: 19 IGH (two different kinds in five patients), 6 TCRJ,
and 5 TCRy gene rearrangements. Eight patients had two targets and 14 patients had one
target (Table 3). MRD was analyzed by both BCR/ABL fusion transcripts and
IGH/TCR gene rearrangements in 6 patients. The results obtained by the two methods
were concordant. In 5 patients, MRD was also detected by flow cytometry (BCR/ABL,
4; IGH gene rearrangement, 1).

Patients achieved first CR after a median period of 35 days (range, 15-105 days).
Sixteen patients (47.1%) received allogeneic stem cell transplantation following
induction and consolidation chemotherapy. Seventeen patients relapsed and 17 patients
remained in CR.

We analyzed 27 of the 34 patients who could be examined for MRD on day 100. The
overall survival (OS) rate (45.0%) and relapse-free survival (RFS) rate (40.0%) at 2

years in CR patients with MRD level >10° (n=12) were significantly lower than those

11



©CO~NOOOTA~AWNPE

in CR patients with MRD level <107 (n=15) (OS rate: 79.0%, RFS rate: 79.4%)
(log-rank test, P=0.017 and 0.0007). A lower MRD value on day 100 after induction
therapy was associated significantly with longer survival (Fig.1a and b). Two patients
were excluded from the study because of relapse before day 100 after induction therapy.
Monitoring of MRD enabled prediction of relapse in 10 of the 14 relapsed patients
whose results of MRD analyses were available before relapse. The median time from
molecular to clinical relapse was 65 days (range, 12-305 days).

Comparison of the results obtained by flow cytometry and PCR analysis

We compared MRD levels determined by both flow cytometry and PCR analysis in 27
follow-up BM samples from 5 patients (Table 4). Four of them had Ph-positive ALL
and MRD was analyzed by BCR/ABL fusion transcripts. The other patient was
analyzed by IGH gene rearrangement.

Concordance between the flow cytometric and PCR results was obtained in 17 (63.0%)
of the 27 samples (P=0.057). No significant changes regarding immunophenotype were
observed when MRD phenotypes at relapse were compared to the original phenotypes
at diagnosis.

Of the 10 samples that were MRD-positive by flow cytometry but MRD-negative by

PCR, very low levels (below 10™) could be detected by flow cytometry in 5 samples

12
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from 2 patients. The other 5 samples from 3 patients were MRD-positive by flow

cytometry (0.18%, 0.16%, 0.39%, 0.42%, and 2.53%) but MRD-negative by PCR.

Other prognostic factors

In addition, we examined factors correlated with OS and RFS by the log-rank test. In

the log-lank test, a lower MRD value on day 100 was associated significantly with

longer survival (Table 5). However, we could not determine other factors, such as age,

WBC count at diagnosis, Ph chromosome, immunophenotype, sex, days to achieve CR,

and type of treatment (chemotherapy or transplantation). Therefore, our data provide

evidence that molecular MRD status on day 100 is a strong predictor of outcome in

adult ALL.

Relative risk of relapse

Looking for informative predictors of the achievement of molecular CR on day 100, we

used univariate and multivariate analyses to investigate the role of conventional clinical

findings such as age younger than 55 years or not, WBC count at diagnosis, Ph

chromosome, immunophenotype, sex, days to achieve CR, and MRD levels on day 30.

Univariate analysis showed that MRD positivity on day 100 was associated with age

older than 55 years and MRD positivity on day 30, but there were no significant

associations in multivariate analysis.

13
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Discussion

There is increasing evidence that MRD has strong prognostic significance in adult

patients with ALL. Mortuza et al. found that MRD positivity detected especially at 3 to

6 months after induction therapy in adults with B-ALL was associated with an increased

risk of relapse (7). Holowiecki et al. reported that MRD equal or greater than 0.1% of

bone marrow cells after induction was a strong and independent predictor for relapse in

both standard and high-risk groups (2).

We also showed that OS and RFS at 2 years in CR patients positive for MRD by

PCR-based detection of BCR/ABL transcripts or IGH/TCR gene rearrangements were

significantly lower than those in CR patients negative for MRD.

Three highly specific and sensitive methodologies for MRD detection are available:

multiparameter flow cytometric immunophenotyping, RQ-PCR-based detection of

fusion gene transcripts or breakpoints, and PCR-based detection of clonal

immunoglobulin and T-cell receptor gene rearrangements (8).

PCR-based detection of rearranged IGH/TCR genes is currently the most broadly

applied MRD technique owing to its high level of standardization, its well-defined

quantitative range and good sensitivity, as well as applicability in the majority of ALL

14
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patients (3). To reach a higher level of sensitivity, DNA sequencing of the junctional
regions is required in order to design tumor-specific primers and/or probes.

A major drawback of using rearranged immune genes as MRD-PCR targets is the
possible occurrence of continuing rearrangements during the course of therapy and
during follow-up, which can lead to false-negative PCR results (9).

Relapse could not be predicted in 4 of the 14 relapsed patients in this study. In two of
them, TCR& or IGH gene rearrangement was not detected even at the time of relapse.
Clonal TCR& rearrangement in particular can be lost during the follow-up period
preceding relapse (10), and continuing rearrangements during the disease course occur
in 10-40% of cases depending on the target used (11).

One specific advantage of flow cytometry over PCR-based assays is that it allows direct
quantification of MRD, rather than extrapolating it from amounts of PCR product (9).
However, the immunophenotype of leukemic cells may change during progression of
the disease, and if these changes affect markers used for monitoring MRD, a
false-negative finding may result (12, 13).

In this study, concordance between the flow cytometric and PCR results was obtained in
17 (63.0%) of the 27 samples. Comparative analyses showed that more concordant

results could be obtained for both methods at the level of 10° and 10 (14, 15). In three

15
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cases, some samples showed discordant results. In these cases, MRD might be

overestimated by flow cytometry because normal cells cannot be easily distinguished

from leukemic cells in studies of MRD (6).

The combination use of the two methods may offset the possibility of false-negative and

false-positive MRD results due to these events (16).

We did not find a significant prognostic value of MRD in patients who received

allogeneic transplantation. It has been shown that MRD detected before transplantation

was a significant predictor of failure after transplantation (17, 18). However, Patel et al.

suggested that molecularly determined MRD pre-transplant was not a risk factor for

relapse in patients receiving allogeneic stem cell transplantation in the first CR (19). It

has also been shown that MRD status after allogeneic transplantation was an important

predictor of outcome in adults with ALL (7, 18). The MRD status before and after

transplantation was not correlated with survival in this study, which may be explained

by the small number of patients who received transplantation.

Results of log-rank tests showed that age, WBC count at diagnosis, sex, Ph-positivity,

and immunophenotype were not associated with prognosis or relapse. Generally,

advanced age of the patient and high WBC count at diagnosis with acute leukemia are

related to poor prognosis. In this study, we did not intervene in clinical decisions

16



©CO~NOOOTA~AWNPE

concerning treatment of the patients, but MRD level on day 100 after induction
chemotherapy was only a good prognostic factor to monitor relapse and classify the
groups as good or poor prognosis.

Although limitation of MRD assessment for prediction of extramedullary relapse is
recognized (19), MRD methods can be used to predict outcome on the basis of early
response to therapy and to recognize leukemia relapse (20).

Thorn et al. suggested that MRD levels calculated by the quantification of BCR/ABL
transcripts were higher than levels obtained by flow cytometry and by quantitative PCR
of rearranged IGH/TCR genes (21). However, whether the results of these methods
coincide with those of PCR amplification of fusion transcripts is not yet established (22).
Further progress in how to assess MRD and improve the prognosis in adult patients with
ALL in association with MRD is expected.

In this study, we investigated the prognostic value of MRD in adult patients with ALL.
We found that ALL patients with MRD level <10 on day 100 had significantly better
OS and RFS than those of ALL patients with MRD level =10, Therefore, MRD
analysis is useful for monitoring the prognosis of ALL patients. PCR analysis and flow
cytometry were both useful for the detection of MRD. However, both methods can yield

false-negative and false-positive results, and improvements are needed for further

17
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optimization and standardization to assess MRD. It is important to investigate an

appropriate way to choose among these methods or use of them in tandem.

18
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Figure legends

Figure 1. Comparison of overall survival (OS, a) and relapse-free survival (RFS, b) by

MRD detection on day 100 after induction therapy.
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Table 1. Characteristics of the patients.

Characteristics

N

Number of patients
Gender (%)
Male
Female
Median age, years (range)
Age
< 35 years
>35 years
< 55 years
>55 years
Median follow-up period, days (range)
Immunophenotype
B-ALL
T-ALL
Median WBC, x10%/L (range)
WBC <30x10%/L (B), <100x10%/L (T)

WBC >30x10%L (B), >100x10%/L (T)
unknown
Median hemoglobin, g/dL (range)
Median platelet, x10%L (range)
Median LDH, IU/L (range)
Philadelphia chromosome
negative
positive
plgoBCR/ABL
p21OBCR/ABL

plgoBCR/ABL and p21OBCR/ABL

34

17 (50.0%)
17 (50.0%)
48.5 (15-79)

14 (41.2%)
20 (58.8%)
21 (61.8%)
13 (38.2%)

567.5 (49-2040)

30 (88.2%)

4 (11.8%)
10.9 (1.7-3272.5)
25 (73.5%)

5 (14.7%)

4 (11.8%)
10.3 (4.1-14.9)
50.5 (3-302)
730 (206-11730)

16 (47.1%)

18 (52.9%)

13 (38.2%)
3 (8.8%)
2 (5.9%)



Treatment
Chemotherapy

Chemotherapy— Transplantation

Conditioning
Myeloablative
Reduced intensity
unknown
Stem cell source
Bone Marrow
Peripheral Blood
Cord Blood
Median time to CR, days (range)
Outcome at 2 years

Overall survival

Relapse-free survival

18 (52.9%)
16 (47.1%)

12 (75.0%)
2 (12.5%)
2 (12.5%)

6 (37.5%)

7 (43.8%)

3 (18.8%)
35 (15-105)

54.6%
51.8%



Table

Table 2. Clinical characteristics and outcome of the patients.

Patient Sex/ Immuno- WBC Ph Transplan-  MRD
no. age phenotype  (X10%/L) choromosome MRD markers tation dayl00  Outcome
1 M/28 B 16.6 No IgH No positive REL d195 D d218
2 F/59 B 13 Yes IgH, p190BCR/ABL No positive REL d245 D d617
3 M/53 B 1.7 Yes IgH, p210BCR/ABL No * REL d159 D d280
4 M/50 B 12.2 No TCRS Yes negative REL d494 D d518
5  M/77 B 16.8 Yes IgH, p190BCR/ABL No positive REL d807 D d1003
6 F/25 T 38 No TCRy Yes negative CRd2040 A d2040
7 FlA7 B 3.7 Yes IgH, p190BCR/ABL Yes negative CRd1989 A d1989
8  M57 B 23 No IgH No positive REL d141 D d502
9  F37 B 3 Yes TCRS, p190BCcR/ABL Yes negative ~CRd769 A d769
10  F/60 B 3 No TCRS No positive REL d995 A d1892
11 F/63 B 32725 Yes p210BCRIABL No positive  REL d49 D d309
12 FI65 B 141.1 Yes TCRS, y, p1903cR/AB No positive ~ REL d47 D d320
13 M/52 B 10.4 Yes p210BCRIABL No negative CRd483 A d483
14 M/23 T 8.4 No TCRS, y Yes negative CRd1604 A d1604
15 M/21 T 10 No TCRy Yes positive REL d280 D d385
16 F/60 B 2 No IgH No negative CR d1463 A d1463
17 F/31 B 6 No IgH Yes negative REL d382 D d501



18
19
20
21
22
23
24
25
26

27

28
29
30
31
32
33
34

*The data was unknown.

M/15
M/62
F/19
F/79
F/19
M/72
M/46
F/50
M/33

M/72

F/26
F/68
M/25
F/26
F/31
M/28
M/77

T W W I T W 4 Tm @

T U 0 W W W @

6.3
2.2
3.3

155.2
3.8

230

249

11.3
8.6
241
16.8
36.7

No
No
No
No
No
Yes
Yes
Yes
Yes

Yes

Yes
Yes
No
No
Yes
Yes
Yes

Ph indicates philadelphia, REL; relapse; D, dead; A, alive.

IgH
plgoBCR/ABL
plgoBCR/ABL
plgoBCR/ABL
plgoBCR/ABL

plgoBCR/ABL

plgoBCR/ABL
plgoBCR/ABL p210BCR/ABL
IgH
IgH

plgoBCR/ABL p21OBCR/ABL,

plgoBCR/ABL
plgoBCR/ABL

Yes
No
Yes
No
Yes
No
Yes
Yes
No

No

Yes
No
Yes
Yes
Yes
No
No

negative
positive
positive
positive
negative
negative
*
negative

negative

*

*
negative
*
negative
negative

positive

CR d1339
REL d889
CR d1169
REL d346
CR d469
CR d948
REL d399
CR d840
CR d720

CR d49

CR d738
REL *
CR d640
REL d158
REL d262
CR d120
CR d125

A d1339
D d1138
A d1169
D d360
D d469
A d948
A d964
A d840
A d720

D d49

A d738
D d352
A d640
D d354
A d325
A d120
A d125



Table

Table 3. MRD studies.

Total 34
BCR/ABL transcripts 12
plgochABL 8
p21OchABL 2
plQOchABLand p21OchABL 2
IGH, TCRS, TCRy gene rearrangement patterns 16
Monoclonal 10
IGH 6
TCR3 2
TCRy 2
Diclonal 6
2 clones of IGH 4
TCRS and TCRy 2
BCR/ABL and IGH/TCR rearrangements 6
p190B°RABL and IGH 2
p190B°*BL and 2 clones of IGH 1
p210B°RABL and IGH 1
p190B°RABL and TCRS 1
p190B°RABL and TCRS, TCRy 1
Number of samples 231
Median (range) 6 (2-22)
Bone marrow 220

Peripheral blood 11
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Table

Table 4. Informative CD combinations used for flow cytometry (FC).

MRD results
Marker combinations PCR+ PCR- PCR-
Case Type
used at follow-up FC + FC - FC +
9 ALL(B) CD58/CD45/CD34/CD19 1
CD13/CD10/CD34/CD19
TdT/CD10/CD34/CD19
23 Ph-ALL(B) CD58/CD45/CD34/CD19 5 3 7
CD58/KOR-SA/CD34/CD19
TdT/CD10/CD34/CD19
24 Ph-ALL(B) CD58/CD45/CD34/CD19 3 2
CD10/KOR-SA/CD34/CD19
TdT/CD33/CD34/CD19
25 Ph-ALL(B) CD58/CD45/CD34/CD19 1 1 1
CD10/KOR-SA/CD34/CD19
TdT/CD10/CD34/CD19
26 Ph-ALL(B) CD58/CD45/CD34/CD19 3

CD10/KOR-SA/CD34/CD19
TdT/CD10/CD34/CD19



Table

Table 5. Univariate and multivariate analyses of prognostic factors associated with overall survival and relapse-free survival (log-rank test).

Univariate Multivariate
Overall survival Relapse-free survival Overall survival Relapse-free survival
Variables N Fazard 95% ClI P N Hazard 95% ClI P azard 95% ClI P Hazard 95% ClI P
ratio value ratio value ratio value ratio value
Age (years)
<35 14 159 (0.55-4.59)  0.39 14 1.83 (0.63-5.29) 0.26
>35 20 19
<55 21 2.34 (0.87-6.30) 0.09 21 2.28 (0.85-6.14) 0.10 0.42 (0.01-14.67) 0.63 0.64 (0.04-10.26) 0.75
>55 13 12
WBC (x10%/L)
<30 (B),<100(T) 25 3.60 (0.93-13.91) 0.06 25 305 (0.82-11.38)  0.10 4.03 (0.12-134.40) 0.44 4.00 (0.24-66.21) 0.33
>30 (B), =100 (T) 5 5
Gender
Female 17  0.88 (0.33-2.36) 0.80 16 1.10 (0.41-2.92) 0.85
Male 17 17
Ph chromosome
negative 16  1.03 (0.37-2.83) 0.95 16 111 (0.40-3.04) 0.84
positive 18 17
Time to CR (days)
<30 10 118 (0.38-3.73)  0.77 10 0.62 (0.22-1.76) 0.37
>30 23 22
Immunophenotype
B-lineage 30 0.30 (0.04-2.34) 0.25 29 027 (0.04-2.10) 0.21
T-lineage 4 4

Transplantation
No 18 0.34 (0.12-0.97) 0.04 17 0.40 (0.14-1.10) 0.08 0.74 (0.03-21.18) 0.86 0.75 (0.06-10.16) 0.83



Yes 16
MRD on day 30

negative 7

positive 18
MRD on day 100

negative 15

positive 12

Ph indicates Philadelphia.

1.13

4.54

(0.35-3.70)

(1.17-17.67)

0.84

0.03

16

17

15
12

1.64

7.14

(0.51-5.25)

(1.91-26.66)

0.41

0.003

7.46

(1.21-45.91)

0.03

9.60

(1.83-50.49)

0.008





