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Abstract 1 

Background  2 

Rearrangements of chromosome 8q24/MYC (8q24/MYC-r), resulting from 3 

t(8;14)(q24;q32), t(2;8)(p11;q24), or t(8;22)(q24;q11), are mainly associated with Burkitt 4 

lymphoma/leukemia (BL) and rarely observed in patients with B-cell precursor acute 5 

lymphoblastic leukemia (BCP-ALL). The characteristics of BCP-ALL with 8q24/MYC-r 6 

are poorly understood.  7 

Procedure 8 

A retrospective nationwide study of data from patients with pediatric BCP-ALL with 9 

8q24/MYC-r in Japan was conducted to clarify the clinical and biological characteristics 10 

associated with 8q24/MYC-r BCP-ALL.  11 

Results 12 

Ten patients with BCP-ALL with 8q24/MYC-r, including three with double-hit leukemia 13 

(DHL) (two with t(8;14)(q24;q32) and t(14;18)(q32;q21), and one with t(8;14) and 14 

t(3;22)(q27;q11)), were identified. Patients with BCP-ALL with 8q24/MYC-r had higher 15 

median age, and uric acid (UA) and lactate dehydrogenase (LDH) levels, than those 16 

without 8q24/MYC-r. All patients were initially treated with ALL-type chemotherapy; 17 

however, four, including one with DHL, were switched to BL-type chemotherapy, based 18 
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on cytogenetic findings. One patient relapsed after standard-risk ALL-type chemotherapy, 1 

and two patients with DHL did not attain complete remission with chemotherapy; all three 2 

died within 11 months. The other seven patients treated with BL-type or high-risk ALL-3 

type chemotherapy are alive without disease. 4 

Conclusions 5 

The clinical and laboratory features of BL with IG-MYC rearrangement, displaying a BCP 6 

immunophenotype (Wagener et al. and Herbrueggen et al. termed it as preBLL), are 7 

similar to those of BCP-ALL with 8q24/MYC-r. Low-risk ALL-type chemotherapy may 8 

not be appropriate for them, and further studies are required to establish an adequate 9 

therapeutic strategy. Further studies of DHL to identify new treatment strategies are also 10 

needed.  11 
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Introduction 1 

The hallmarks of Burkitt lymphoma/leukemia (BL) are 8q24/MYC-related 2 

chromosomal translocations, including t(8;14)(q24;q32), t(8;22)(q24;q11), and 3 

t(2;8)(p12;q24), alongside a mature B-cell immunophenotype, elevated uric acid (UA)  4 

and lactate dehydrogenase (LDH) at diagnosis, bulky disease, and FAB-L3 morphology 5 

1. Nevertheless, 8q24/MYC rearrangement (8q24/MYC-r) is also occasionally observed in 6 

acute lymphoblastic leukemia with a B-cell precursor immunophenotype (BCP-ALL), 7 

rather than a mature B-cell immunophenotype 2. Due to the rarity of BCP-ALL with 8 

8q24/MYC-r, its characteristics are poorly understood. In addition, leukemia/lymphoma 9 

with BCL2 or BCL6 and MYC rearrangements, known as double-hit lymphoma/leukemia 10 

(DHL) 3, is reported to exhibit a BCP-ALL immunophenotype 4. Childhood DHL is 11 

extremely rare, and its characteristics are poorly described 4. Herein, we report the clinical 12 

and biological characteristics of ten patients with BCP-ALL with 8q24/MYC-r, including 13 

three patients with DHL, in Japan. 14 

Patients and Methods 15 

Patients with 8q24/MYC-r BCP-ALL were primarily from among the 4043 16 

patients enrolled in the Japan Association Childhood Leukemia Study Group (JACLS) 17 

ALL-02 study (n = 1252) 5; the Tokyo Children’s Cancer Study Group (TCCSG) L99-18 
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15 (n = 770), L04-16 (n = 150), L06-16 (n = 194), L07-16 (n = 274), and L09-16 (n = 1 

607) studies 6,7; the Japanese Childhood Cancer and Leukemia Study Group (CCLSG) 2 

ALL2000 MRD (n = 305) and ALL2004 studies (n = 326) 8; and the Kyushu–3 

Yamaguchi Childhood Cancer Study Group ALL-02 study (n = 165) 9. Disease 4 

classification as either BCP-ALL or Burkitt-ALL was determined by flow cytometric 5 

analysis, according to the Japanese Pediatric Leukemia/Lymphoma Study Group criteria 6 

10 (Supplementary Table S1), which are based on the European Group for the 7 

Immunological Characterization of Leukemias criteria 11. The presence of 8q24/MYC-r 8 

was confirmed by G-banding, IGH-MYC fusion, or MYC split signal by fluorescence in 9 

situ hybridization. Patient data analyses included the following: age, sex, and 10 

extramedullary disease; laboratory data, including white blood cell count, serum UA 11 

level, serum LDH level, and FAB classification of leukemic blasts; ALL cell cytogenetic 12 

data, including G-banding, fluorescence in situ hybridization data, and leukemic blast 13 

immunophenotype; and details of treatments and outcomes. This study was approved by 14 

the Ethics Committee of Hamamatsu University School of Medicine.   15 

Results 16 

Clinical characteristics of patients with BCP-ALL carrying 8q24/MYC 17 

rearrangements 18 
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Nine patients (0.2%) with BCP-ALL carrying 8q24/MYC-r were identified 1 

from among the 4043 patients enrolled in nine clinical studies in Japan (Table 1). An 2 

additional patient with BCP-ALL carrying t(8;14)(q24;q32), who was not enrolled in 3 

any clinical study, was identified at a participating hospital and included in this study 4 

(patient #10 in Table 1). FAB classification of leukemic blasts showed that eight of ten 5 

patients had L1/2 morphology, and that leukemic blasts in all patients, including two 6 

with L3 morphology, expressed CD10, and CD19, but not surface μ, κ, or λ 7 

immunoglobulins, consistent with a BCP-ALL immunophenotype (Table 1). The 8 

clinical characteristics of these ten patients were compared with those of other patients 9 

with BCP-ALL in the JACLS ALL-02 trial, and they had relatively higher median age, 10 

higher UA and LDH levels, and were predominantly male (Table 2). 11 

Double-hit leukemia 12 

Patients with BCP-ALL carrying 8q24/MYC-r included three so-called DHL 13 

patients: two with t(8;14)(q24;q32) and t(14;18)(q32;q21), and one with t(8;14) and 14 

t(3;22)(q27;q11) (patients #7, #8, and #9 in Table 1). Fluorescence in situ hybridization 15 

analysis confirmed the rearrangement of MYC and BCL2 in the two patients with t(8;14) 16 

and t(14;18). Leukemic blasts from the majority of patients with 8q24/MYC-r expressed 17 

CD20 but not CD34 or terminal deoxynucleotidyl transferase (TdT), consistent with a 18 
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mature B-cell immunophenotype; however, samples from two of three DHL patients 1 

were CD20-negative and TdT-positive (patients #8 and #9 in Table 1). Further, central 2 

nervous system involvement was observed in two of the three patients with DHL 3 

(patients #7 and #9 in Table 1). 4 

Treatments and outcomes 5 

All patients with 8q24/MYC-r were initially treated with ALL-type induction 6 

therapy, and three patients had maintained complete remission (CR) until the last 7 

follow-up, following only ALL-type chemotherapy (Table 1, Fig. 1, Supplementary 8 

Table 2). Four patients, including one with DHL, were switched to BL-type 9 

chemotherapy because of their cytogenetic findings, and all of them maintained 10 

complete remission (Table 1, Fig. 1, Supplementary Table 2). One patient relapsed after 11 

standard-risk ALL chemotherapy, and two patients with DHL did not attain complete 12 

remission with chemotherapy; all three received allogeneic hematopoietic cell 13 

transplantation but died within 11 months (Table 1, Fig. 1, Supplementary Table 2).   14 

Discussion 15 

Wagener et al. and Herbrueggen et al. reported that BL with IG-MYC 16 

rearrangement displaying a BCP immunophenotype, which they termed preBLL, has 17 

biological similarities to BCP-ALL 12,13. They described preBLL blasts as having 18 
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genetic abnormalities similar to BCP-ALL, such as aberrant VDJ recombination and/or 1 

activating NRAS and/or KRAS mutations. We also identified ten patients with BCP-ALL 2 

carrying 8q24/MYC-r in this study.  3 

To compare the clinical and immunological features of our BCP-ALL patients 4 

carrying 8q24/MYC-r to those of preBLL, we conducted a literature survey, which 5 

identified 11 papers reporting 32 pediatric patients diagnosed with BCP-ALL carrying 6 

8q24/MYC-r. Of these, two patients lacking flow cytometric analysis data on surface κ 7 

or λ immunoglobulins, and four patients without 8q24/MYC-r detection at initial 8 

diagnosis, were excluded from our analysis. Therefore, 26 patients whose karyotype 9 

data and immunophenotyping data diagnostic for BCP-ALL were complete and 10 

available were analyzed 2,4,12,14-21 (Table 3). The blast immunophenotypes reported in 11 

these publications were similar to those of our patients, except for positivity for TdT 12 

expression (positive TdT expression: 12/17 vs. 2/7 in our cohort), although we cannot 13 

explain this discrepancy. Ideally, we should investigate whether aberrant VDJ 14 

recombination was associated with IG translocation in our patients; however, we could 15 

not perform further genetic studies, due to a lack of sufficient sample material. By 16 

contrast, the 26 patients identified from the literature showed quite similar clinical and 17 

laboratory features to those of our patients, including relatively older median age (11.8 18 
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years vs. 8 years), and higher UA (median 12.9 vs. 7.1 mg/dl) and LDH (median 10,554 1 

vs. 2882 IU/l) levels. Thus, we consider that the cases of BCP-ALL with 8q24/MYC-r 2 

identified in our study should be classified as preBLL.  3 

Short course, high-intensity chemotherapy regimens are the standard treatments 4 

for BL. These chemotherapeutic regimens comprise alkylating agents, etoposide, 5 

antimetabolites, vincristine, steroids, and high dose methotrexate 22. The JACLS NHL-6 

B02p, Japanese Pediatric Leukemia/Lymphoma Study Group B-NHL03, NHL B-cell 7 

type, and NHL-BFM95 regimens are categorized as BL-type chemotherapy 23-25. By 8 

contrast, the standard treatment for ALL is long-term chemotherapy that comprises three 9 

phases: induction, consolidation, and maintenance 26. Treatment intensity categories are 10 

classified according to the original risk group to which treatment protocols were applied 11 

as follows: JACLS ALL-02 SR and CCLSG ALL2004 SR are categorized as standard-12 

risk ALL-type chemotherapy 5,8; while JACLS ALL-02 HR, JACLS ALL-02 ER, 13 

JACLS ALL-02 F, TCCSG L99-15 HR, TCCSG L99-1502 HEX, TCCSG L0416 HEX, 14 

and CCLSG ALL2004 salvage 1 are classified as high-risk ALL-type chemotherapy 15 

5,8,27,28. A standard chemotherapeutic regimen for BCP-ALL with 8q24/MYC-r has yet to 16 

be established, while the outcomes of children and adolescents with preBLL described 17 

by Herbrueggen et al. appeared to be favorable when treated with regimens used for 18 
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mature B-cell NHL, rather than ALL, despite the biological similarities to BCP-ALL 12. 1 

In this study, all four patients treated with BL-type chemotherapy, and three of five 2 

patients treated with high-risk ALL-type chemotherapy, are alive without disease (Table 3 

1, Fig. 1, Supplementary Table 2). Further, in our literature survey, 10 of 12 patients 4 

treated with BL-type chemotherapy were alive without disease; however, two of four 5 

patients initially treated with ALL-type chemotherapy died of disease (Table 3). 6 

Although it is possible that chemotherapy for low-risk ALL is insufficient to treat BCP-7 

ALL with 8q24/MYC-r, further studies are required to establish an adequate therapeutic 8 

strategy for this relatively rare ALL subtype.    9 

Two of the patients with DHL included in our study died of disease 10 

progression, despite highly intensive chemotherapy oriented to high-risk ALL, 11 

accompanied by allogeneic hematopoietic cell transplantation, suggesting that this 12 

disease subtype is an aggressive form of BCP-ALL. Two of three patients with DHL in 13 

the literature survey also died of disease (Table 3). Further studies to assess new 14 

treatment strategies, such as use of a BCL2 inhibitor 29 or anti-CD19 chimeric antigen 15 

receptor T-cell therapy 30, are warranted to identify a cure for this extremely aggressive 16 

disease.  17 
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Figure Legends 1 

Fig. 1 Schematic representation of the clinical course of ten patients with BCP-ALL 2 

with 8q24/MYC rearrangement. 3 

 Blue arrow, standard-risk ALL-type chemotherapy; yellow arrow, high-risk 4 

ALL-type chemotherapy; red arrow, BL-type chemotherapy; gray arrow, 5 

palliative therapy; black arrow, observation; RT, rituximab; H, hematopoietic 6 

cell transplantation; R, relapse; F, induction failure; C, complete remission; †, 7 

death; BCP, B-cell precursor; ALL, acute lymphoblastic leukemia; BL, Burkitt 8 

lymphoma/leukemia. 9 
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TABLE 1 Clinical and biological characteristics of ten patients with BCP-ALL with 8q24/MYC rearrangement 
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+ N/A N/A - - 

SR 

ALL 

type 

→ HR 

ALL 

type 

ANED122 

m+ 

7 8.2 M CNS L1 2680 18.7 1966 

46,XY,t(3;22)(q27;q11),t

(8;14)(q24;q32),dup(12)

(q13q24),del(13)(q?) 

[4/10] 

IgH-MYC FISH 97% 

+ + + - - 
-c 

+s* 

+

* 

+

* 

SR 

ALL 

type 

→ BL 

type 

ANED104 

m+ 

8 14.0 M No L2 23 400 7.2 5586 

46,XY,t(8;14)(q24;q32),

t(14;18)(q32;q21) 

[18/19] 

IgH-MYC FISH 92% 

+ + - - + -cs - - 

HR 

ALL 

type + 

HCT 

Relapse 

10m 

DOD11 m  



IgH-BCL2 FISH 90% 

9 11.3 M CNS N/A 14 470 6.9 2523 

46,XY,t(8;14)(q24;q32),

t(14;18)(q32;q21) [6/8] 

MYC split FISH 90.4% 

IgH-BCL2 FISH 90.4% 

+ + - - + -cs - - 

HR 

ALL 

type + 

HCT 

Relapse 8m 

DOD10 m 

10 5.0 F 
Kidn

ey 
L1 6400 9.8 8525 

47,XX,+i(1)(q10),t(8;14)

(q24;q32) [20/20] 

IgH-MYC FISH 54% 

+ + - - - 
+c 

-s 
- - 

SR 

ALL 

type 

→ BL 

type 

ANED66 

m+ 

 
cCytoplasmic 
sSurface 

§This data was obtained when the ALL was relapsed. 

*False positive: these results were considered false positives because κ and λ were positive simultaneously. 

BCP, B-cell precursor; ALL, acute lymphoblastic leukemia; y, years; N/A, not assessed; M, male; F, female; CNS, central nervous 

system; WBC, white blood cell; UA, uric acid; LDH, lactate dehydrogenase; FISH, fluorescence in situ hybridization; TdT, terminal 

deoxynucleotidyl transferase; BL, Burkitt lymphoma/leukemia; SR, standard-risk; HR, high-risk; ANED, alive with no evidence of 

disease; DOD, dead of disease; m, months after diagnosis. 

 

 

 



Supplemental TABLE S1 Proposed immunophenotypic criteria for de novo cases of acute lymphoblastic leukemia 11 

 

T-lineage ALL 1. CD3+ 

2. Express CD2, CD5, CD7, or CD8 

B-lineage ALL 

Early pre-B ALL Express at least two B-lineage markers (CD19, CD20, CD22, or CD79a) 

Pre-B ALL* 1. Express at least two B-lineage markers (CD19, CD20, CD22, or CD79a) 

2. Negative for surface membrane immunoglobulin κ or λ light chains 

3. Express cytoplasmic and/or surface immunoglobulin μ heavy chains 

B-ALL 1. Express at least two B-lineage markers (CD19, CD20, CD22, or CD79a) 

2. Express surface membrane immunoglobulin κ or λ light Chains 

ALL with aberrant myeloid-associated antigen expression 

My Ag+ T-lineage ALL 1. CD3+ and express CD2, CD5, CD7, or CD8 

2. CD79a- 

3. MPO- and express myeloid-associated markers (CD13, CD15, CD33, or CD65) 

My Ag+ B-lineage ALL 1. Express at least two B-lineage markers (CD19, CD20, CD22, or CD79a) 

2. CD3- 

3. MPO- and express myeloid-associated markers (CD13, CD15, CD33, or CD65) 

BCP-ALL or mature B-ALL were classified by FCM according to the JPLSG criteria.  

BCP-ALL includes early pre-B ALL and pre-B ALL. Mature B-ALL includes B-ALL. 

*Pre-B ALL cases include transitional pre-B cases. 

My, myeloid; Ag+, antigen positive. 



TABLE 2 Clinical characteristics of BCP-ALL with 8q24/MYC and BCP-ALL from JACLS ALL-02 

Phenotype  BCP-ALL with 8q24/MYC BCP-ALL from JACLS ALL-02  

n  10 1091 

Age (y) 
< 10 

≥ 10 

7 (70%) 

3 (30%) 

896 (82.1%) 

195 (17.9%) 

Median Age (y)  8.0 (1.4–16.1) 4 (1–18) 

Sex 
Male 

Female 

9 (90%) 

1 (10%) 

578 (53%) 

513 (47%) 

WBC (/µL) < 20 000 

≥ 20 000 

8 (80%) 

2 (20%) 

799 (73.2%) 

292 (26.8%) 

Median WBC (/µL)  6565 (1400–29 100) 7100 (370–816 000) 

UA (mg/dl) < 7 

≥ 7 

4 (40%) 

6 (60%) 

878 (84.6%) 

160 (15.4%) 

Median UA (mg/dl)  7.1 (3.7–18.1) 4.7 (0.7–53) 

LDH (IU/L) < 500 

≥ 500 

1 (10%) 

9 (90%) 

550 (52.1%) 

505 (47.9%) 

Median LDH (IU/L)  2881.5 (196–12 660) 476 (7.35–28 900) 

BCP, B-cell precursor; ALL, acute lymphoblastic leukemia; JACLS, Japan Association Childhood Leukemia Study Group; WBC, 

white blood cell; UA, uric acid; LDH, lactate dehydrogenase. 



Supplemental TABLE S2 Treatment administered and outcomes of ten patients with BCP-ALL with 8q24/MYC 

rearrangement 

 

Patient Treatment Recurrence HCT Outcome 

1 JACLS ALL-02 SRa → JACLS NHL-B02p Group 4c No No ANED 20 m+  

2 JACLS ALL-02 HRb No No ANED 121 m+ 

3 

JACLS ALL-02 SRa → 

<relapse> → JPLSG B-NHL03 Group 4c, rituximab, and so on → 

<non CR> → CBT → <relapse> → <death> 

Yes (5 m) Yes (8 m) DOD 11 m 

4 TCCSG L99-1502 HEXb → NHL B-cell type group IVc No No ANED 136 m+ 

5 CCLSG ALL2004 SRa → CCLSG ALL2004 salvage 1b No No ANED 114 m+ 

6 JACLS ALL-02 SRa → JACLS ALL-02 HRb No No ANED 122 m+ 

7 JACLS ALL-02 HRb → JPLSG B-NHL03 Group 4c No No ANED 104 m+ 

8 

JACLS ALL-02 ERb → 

<non CR> → JACLS ALL-02 Fb → 

<non CR> → PBSCT → <CR> → 

<relapse> → palliative care → <death> 

Yes (10 m) Yes (6 m) DOD 11 m  

9 

TCCSG L0416 HEXb → 

<non CR> → TCCSG L0416 (VCR+DEX+L-asp) + RT (30 Gy/15 fr) → 

<non CR> → BMT → <CR> → 

<relapse> → palliative care → <death> 

Yes (8 m) Yes (6 m) DOD 10 m 

10 TCCSG L99-15 HRb → NHL-BFM95 R4c No No ANED 66 m+ 

aJACLS ALL-02 SR and CCLSG ALL2004 SR are standard-risk ALL-type chemotherapy. 
bJACLS ALL-02 HR, JACLS ALL-02 ER, JACLS ALL-02 F, TCCSG L99-1502 HEX, TCCSG L0416 HEX, and CCLSG ALL2004 

salvage 1 are high-risk ALL chemotherapy. 



cJACLS NHL-B02p Group 4, JPLSG B-NHL03 Group 4, NHL B-cell type group IV, and NHL-BFM95 R4 are BL-type 

chemotherapy. 

BCP, B-cell precursor; ALL, acute lymphoblastic leukemia; JACLS, Japan Association Childhood Leukemia Study Group; TCCSG, 

Tokyo Children’s Cancer Study Group; CCLSG, Japanese Childhood Cancer and Leukemia Study Group; NHL, non-Hodgkin 

lymphoma; SR, standard risk; HR, high risk; HEX, extremely high risk; ER, extremely high risk; F, induction failure; BFM, Berlin-

Frankfurt-Münster; CBT, cord blood transplantation; PBSCT, peripheral blood stem cell transplantation; BMT, bone marrow 

transplantation; VCR, vincristine; DEX, dexamethasone; L-asp, L-asparaginase; RT, irradiation; fr, fraction; m, months after 

diagnosis; ANED, alive with no evidence of disease; DOD, dead of disease. 



TABLE 3 Review of the literature on BCP-ALL with 8q24/MYC rearrangement 

 

Pati

ent 

Age 

(y) 

Sex Morph

ology 

Extra

medull

ary 

disease 

Laboratory data Cytogenetic data Immunophenotypic data Treatm

ent 

Outcom

e 

R

ef 
WBC 

(/µL) 

UA 

(mg/

dl) 

LDH 

(IU/L) 

C

D

10 

C

D

19 

C

D

20 

CD

34 

Td

T 

κ λ 

1 4 F 
Atypic

al L3 
No 33 000 14 30 109 

46,XX,t(8;14)(q24;q

32) [11] / 

47,idem,+i(1)(q10) 

[7] / 

46,idem,der(22)t(1;22

)(q11;p11) [2] 

+ + - - N/A - - 
BL 

type 

ANED 

64 m+ 
2 

2 14 M L3 Kidney 8300 17 10 629 

47,XY,+i(1)(q10),t(8;

14)(q24;q32) [6] / 

46,XY [10] 

+ + - - + - - 
BL 

type 

DOD   

6 m 
2 

3 13 F L3 No 20 000 >19 45 000 

46,XX,t(8;14)(q24;q

32) [11] / 

46,idem,inv(2)(p11q1

2) [33] / 46,XX [11] 

+ + 
-

/+ 
+ + - - 

BL 

type 

ANED 

36 m+ 
2 

4 14 F L3 No 50 300 11.7 21 432 

46,XX,dup(1)(q21q4

4),t(8;14)(q24;q32) 

[4] / 

46,X,der(X)t(X;1)(p2

+ + 
-

/+ 
- -/+ - - 

BL 

type 

ANED 

29 m+ 
2 



2;q23),t(8;14) 

(q24;q32) [6] / 

47,XX,+i(1)(q10),t(8

;14)(q24;q32) [10] 

5 6 M L3 

right 

maxilla

ry 

sinus 

12 700 9.9 5090 

46,XY,t(8;14)(q24;q

32), 

t(14;17)(q32;q21) 

[cp4] / 

46,idem,dup(1)(q32q

21) [2] / 46,XY [4] 

+ + + - + - - 
BL 

type 

ANED 

13 m+ 
2 

6 12 F L3 No 68 600 26.7 7012 

46,XX, 

t(8;14)(q24;q32) [7] / 

46,XX [2] 

+ + + 
N/

A 
- - - 

BL 

type 

ANED 

36 m+ 
12 

7 6 M L3 CNS N/A N/A N/A 
t(8;14)(q24;q32) int 

del(2)(q14;q31) 
+ + + + N/A - - N/A N/A 13 

8 4 M L3 

Retro-

gastric 

mass 

32 400 9.5 14 990 t(8;14)(q24;q32) + + - - + - - 
ALL 

typeb 

ANED 

24 m+ 
14 

9 10 F L3 No 4400 N/A 10 554 

46,XY,t(8;14)(q24;q

32),t(2;4)(p13;q27),d

er(1)(pter!q32.1:: 

q32.1!q21.1::q11!qter

) 

+ + + 
N/

A 
- - - 

BL 

type 

ANED 

48 m+ 
15 



10 8 F L2/L3 No 4100 N/A 17 393 t(8;22)(q24.1;q11.2) + + - 
N/

A 
+ - - 

BL 

type 
N/A 16 

11 1 M L3 
Skull 

bones 
N/A N/A N/A t(8;14)(q24:q32) + + - - N/A -* -* N/A N/A 17 

12 14 M L3 
Medias

tinum 
N/A N/A N/A t(8;14)(q24:q32) + + + - N/A -* -* N/A N/A 17 

13 10 M N/A 
Pancre

as 
N/A N/A N/A t(8;14)(q24:q32) + + + - N/A -* -* N/A N/A 17 

14 13 M L3 

Intesti

ne, 

liver, 

kidney 

N/A N/A N/A t(8;14)(q24:q32) + + + - N/A -* -* N/A N/A 17 

15 16 M L3 Ileum N/A N/A N/A t(8;22)(q24:q11) + + + - N/A -* -* N/A N/A 17 

16 15 F L3 N/A N/A N/A N/A t(8;14)(q24:q32) + + + - N/A -* -* N/A N/A 17 

17 2.5 M L1/L3 

Epidur

al, 

spinal, 

bone, 

retrob

ulbar 

16 700 N/A 13 027 

46,XY,dup(1)(q21q31

),t(8;14)(q24;q32),de

r(15)t(1;15)(q12;p13) 

[19] / 46,XY [1] 

+ + - - - - - 

BL 

type + 

mainte

nance 

Relapse 18 

18 13.4 M N/A No 25 300 N/A 9979 
47,XY,t(2;8)(p12;q2

4),+21 [11] 
+ + - - + - - 

ALL 

type 

→  BL 

Relapse 18 



type + 

mainte

nance 

19 5.5 M L3 

Ascites

, 

pleural 

effusio

n 

55 100 N/A 5544 

46,XY,dup(1)(q11q43

),t(8;14)(q24;q32) 

[5] / 46,XY [10] 

+ + + - + - - 
BL 

type 
Relapse 18 

20 15.4 F N/A 

CNS, 

Bones, 

epidur

al, 

salivar

y gland 

3450 N/A 6608 
47,XX,+idic(1)(p11),

t(8;14)(q24;q32) [15] 
+ + + - - - - 

BL 

type + 

mainte

nance 

ANED 

16 m+ 
18 

21 14.3 M L3 CNS 21 490 N/A 2392 

46,XY,t(8;22)(q24;q

11),add(19)(p13.3) 

[21] 

+ + - - + - - 

BL 

type + 

mainte

nance 

ANED 

35 m+ 
18 

22 11.6 F L3 No 9730 N/A 11 997 

46,XX, 

t(8;22)(q24;q11)  

[20] 

+ + 
N/

A 
- + 

- - 
BL 

type 

ANED 

96 m+ 
18 

23 15 M L2 N/A 24 600 N/A N/A 
46,XY,t(8;14)(q24;q

32), 
+ 

N/

A 

N/

A 

N/

A 
+ - - 

ALL 

type 
DOD 4 m 19 



t(14;18)(q21;q32)a 

24 10 F L2 CNS 11 600 N/A 3268 

48, 

XX,+i(1)(q10),+7, 

t(8;22)(q24;q11.2),t(

14;18)(q32;q21) [14] 

/ 55,idem,+X,+2,+6,-

7,+der(8)t(8;22),+10,

+11,+14,+16 [3] / 

64,XXX,i(1)(q10),-

3,-

7,t(8;22)(q32;q21),d

er(8)t(8;22),-9,-

12,t(14;18)(q32;q21)

×2,?add(19)(p13),-21 

[3] 

+ + 
- / 

+ 
- + - - 

ALL 

type 

→ 

RTX 

+ BL 

type 

+HCT 

DOD 7 m 20 

25 15 F N/A CNS 11 400 N/A 1243 

46,XX,t(8;9)(q24.1;p

13),der(14) 

t(14;18)(q32;q21),del

(18)(q21) [2] / 

46,idem,dup(1)(q11q

44) [14] / 

47,idem,dup(1)(q11q

44), +der(9)t(8;9) [3] 

+ + + + + - - 
ALL 

typec 

ANED 

53 m+ 
4 



26 8 M L2 
Intraoc

ular 
N/A N/A N/A 

t(8;14)(q24:q32), 

t(14;18)(q32;q21) 
+ + + - N/A -* -* N/A N/A 17 

 

*Because these leukemia cells were B-II or B-III immunophenotype. 

aRecombination of the BCL2 locus with the Cμ locus was detected. 

bModified ALL-BFM 95 protocol. 

cCOG AALL0232. 

BCP, B-cell precursor; ALL, acute lymphoblastic leukemia; y, years; Ref, reference number; F, female; M, male; N/A, not assessed; ANED, alive with no 

evidence of disease; DOD, dead of disease; m, months after diagnosis; RTX, rituximab; BFM, Berlin-Frankfurt-Münster; COG, Children’s Oncology Group. 

 

 


