
Acute Lymphoblastic Leukemia (ALL) with t(8;14)(q11.2;q32): B-
cell disease with high proportion of Down Syndrome. A
Children's Oncology Group (COG) Study

Yoav H. Messingera,*, Rodney R. Higginsb, Meenakshi Devidasc, Stephen P. Hungerd,
Andrew J. Carrolle, and Nyla A. Heeremaf

a Children's Hospitals and Clinics of Minnesota, Saint Paul, MN
b Allina Cytogenetics Lab, Abbott Northwestern Hospital, Minneapolis, MN
c Department of Epidemiology & Health Policy Research, University of Florida College of
Medicine, Gainesville, FL
d University of Colorado School of Medicine and Children's Hospital Colorado, Aurora, CO
e Department of Genetics, University of Alabama at Birmingham, Birmingham, AL
f Ohio State University, Columbus, OH

Abstract
The rare translocation t(8;14)(q11.2;q32) has been described in patients with B-cell acute
lymphoblastic leukemia (ALL), particularly patients with Down Syndrome (DS).

We describe patients with t(8;14)(q11.2;q32) that were identified by the Children's Oncology
Group (COG) ALL cytogenetics database, expanding our previous report of 10 patients with this
translocation. Twenty-two such patients were treated with COG protocols. All patients had B-cell
ALL and 7 (31.8%) had DS. None of the children with DS had an event, thus these patients had a
superior estimated 5-year event-free survival (EFS) compared to non-DS patients (100% vs. 50.1
± 17.7%; p=0.04). Only one patient (4.5%) had a concomitant Philadelphia chromosome t(9;22)
(q34;q11.2). The cytogenetics data of two additional patients, who were not eligible for COG
protocols, are also included in this report.

In conclusion, ALL patients with the recurring translocation t(8;14)(q11.2;q32) have B-cell
phenotype and a high percentage have DS. Children with DS and t(8;14)(q11.2;q34) have
improved event-free survival using standard COG therapy compared to non-DS patients. We did
not find an increased number of patients with a concomitant Philadelphia chromosome in this
population.
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Introduction
Recurrent chromosome translocations play a critical role in the pathogenesis of ALL, and
many translocations have important prognostic significance. The rare translocation t(8;14)
(q11.2;q32) has been described in ALL (1, 2) and has been associated with Down syndrome
(DS), although the mechanism of this association is not clear (1-6).

We previously described the clinical features of 10 ALL patients with t(8;14)(q11.2;q32)
and estimated the frequency of this translocation to be 0.2% of children with B-cell ALL (1).
The Mitelman database reports that t(8;14)(q11.2;q32) has a prevalence of 0.7% in pediatric
ALL (7). We now expand the cytogenetic, clinical and outcome data to include 22 patients
with this translocation. We confirm the high proportion of DS in this group and the
association with B-cell phenotype. We also demonstrate a remarkably good outcome of the
DS subgroup using standard Children's Oncology Group (COG) therapy.

Methods
The COG ALL cytogenetic database was reviewed to identify patients with t(8;14)
(q11.2a32). Demographic, treatment and survival data were accessed from the COG clinical
database. Ten of the patients have been reported previously (1). All 22 patients were
diagnosed and treated at COG institutions on frontline trials. All studies and treatment
protocols were approved by the local institution's Investigational Review Board (IRB), and
all patients and/or their parent/guardian signed an informed consent.

Diagnosis
The diagnosis of ALL was based on morphologic, cytochemical, and immunologic features
of the cells, as previously described (8). Immunophenotyping was performed at local centers
using standard techniques and/or centrally in the COG ALL Reference Laboratory by
indirect immunofluorescence and flow cytometry.

Cytogenetic Analysis
Analyses of bone marrow or unstimulated peripheral blood specimens obtained prior to
initiation of remission induction therapy were evaluated at COG Institutional Laboratories
according to standard protocols. Criteria for clonality were based on guidelines as defined
by the International System for Cytogenetic Nomenclature (i.e., 2 or more metaphase
spreads with identical structural or additional chromosomes or 3 or more metaphases with
identical chromosome loss) (9). Members of the COG cytogenetics committees reviewed the
cytogenetic reports and representational karyotypes for each abnormal clone. Patients were
eligible if, after review, an abnormal clone with t(8;14)(q11.2;q32) was identified.

Statistical Methods
The outcomes evaluated were event-free survival (EFS), calculated as the time from entry
on a therapeutic trial to first event or date of last follow-up, where an event was defined as
induction failure, relapse at any site, secondary malignancy, or death, and overall survival
(OS), calculated as the time from entry on a therapeutic trial to death or date of last follow-
up. Patients who did not experience an event were censored as of the date of last contact.
Event-free survival curves were constructed using the Kaplan-Meier life table method (10).
Standard errors of the estimates were determined by the method of Peto and Peto (11). The
log-rank test was used for comparison of survival curves between groups.
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Results
Twenty-two patients diagnosed with ALL between 2/24/1987 and 4/11/2007 and treated on
COG protocols were found to have the t(8;14)(q11.2;q32) (Table 1). Two additional ALL
patients with DS-ALL and t(8;14)(q11.2;q32) were not included in the clinical data because
they were retrospectively found to be ineligible for COG therapeutic trials. Epidemiologic,
clinical, and treatment data are summarized in Table 2. All patients had B-cell ALL; 9 were
males and 13 were females. The median age at diagnosis was 10.7 years (range: 2.7 – 17.1
years). Median diagnostic white blood cell count (WBC) was 9,950 (range: 700-172,000 ×
103/mm3). Seven of the 22 patients were designated as NCI standard-risk and 15 were
designated as high-risk.

Additional Cytogenetic Abnormalities
A representative G-banded t(8;14)(q11.2;q32) and diagrammatic representation of the
translocation is shown in figure 1. Cytogenetics data are shown in table 3 and include the
two excluded patients. The most common additional cytogenetic abnormality was trisomy
21 (Table 3). Seven of the 10 cases with trisomy 21 were constitutional DS. In total 7/22 or
32% patients had DS, confirming previous reports that the number of t(8;14)(q11.2;q32)
who have DS is much higher than the roughly 3% rate of DS among children with ALL (4,
12). Interestingly, three additional patients had acquired +21, but the significance of this is
not known. One patient in this cohort, who lacked DS, had a Turner syndrome phenotype
and a mosaic constitutional r(Y)(p11.2q11.2); thus, 8 of the 22 patients (36%) with t(8;14)
(q11.2;q32) had constitutional cytogenetic abnormalities. Secondary abnormalities included
additional X (n=5); additional 5 (n=3); and a Philadelphia chromosome (n=1). Two cases
had a second der(14)t(8;14) and two had loss of the der(8)t(8;14), consistent with the
der(14)t(8;14) as the significant abnormality. Five cases or 23% had 9p deletions compared
with 11% in the overall ALL population (13), and two cases or 9% had abnormalities of 13q
compared with 2% in the overall population (14). Numerically, 12 cases were
pseudodiploid, 8 cases were low hyperdiploid, one was high hyperdiploid and one was
pseudo-tetraploid. Of the seven DS patients six or 86% were pseudodiploid with five or 71%
having abnormalities in addition to the t(8;14). Of the non-DS patients the t(8;14) was the
only cytogenetic abnormality in one patient, while all the other non-DS patients had
secondary abnormalities in addition to the t(8;14).

Therapy and Outcome
Patients were treated on COG protocols. A rapid early response (RER) as determined by a
reduction of day 7 or day 14 bone marrow blasts to < 5%, was found in 7 of 22 (32%)
patients (Table 1). All 22 (100%) patients achieved complete remission at the end of
induction therapy. The 5-year EFS was 70.6 ±14.4% and the overall survival was 76.3
±13.1% (Fig 2). None of the children with DS had an event and these patients had a superior
estimated 5-year EFS (100%) compared to non-DS patients (50.1±17.7%; p=0.04) (Fig. 3a).
Overall survival was also superior for DS patients but did not reach conventional levels of
statistical significance: 100% for DS versus 60.9±17.0% for non-DS patients (p=0.088) (Fig
3b). There was no significant difference in the age at diagnosis or WBC at presentation
between DS and non-DS patients with a t(8;14)(q11.2;q32).

Discussion
We describe twenty-two childhood ALL patients with the recurring translocation t(8;14)
(q11.2;q32) enrolled on COG protocols between 2/24/1987 and 4/11/2007. Consistent with
prior reports, all patients with this translocation had B-cell ALL (1, 15).
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The translocation t(8;14)(q11.2;q32) results in fusion of the chromosome 8 CEBPD (delta)
gene to the IGH (immunoglobulin heavy chain) gene (16). As pointed out by Dryer et al.
chromosomal translocations involving the immunoglobulin loci are extremely common in
mature B-cell malignancies such as Burkitt lymphoma (17). In contrast, in B-cell ALL
translocations involving the immunoglobulin loci are very uncommon with 2-3% estimated
frequency (17). The most frequent IGH translocation involves the cytokine receptor CRLF2
(on chromosome Xp22 or Yp11), followed by the ID4 gene (on chromosome 6p22.3) and
the CEBP family (CCAAT enhancer binding protein) translocations (17). CEBP is a family
with 5 members of multifunctional basic leucine zipper (bZIP) transcription factors. In
t(8;14)(q11.2;q32) CEBPD (a member of the CEBP family) is deregulated because of
transcriptional enhancers within the IGH locus (16, 17). The mechanism by which
deregulated CEBP gene expression transforms B-cell precursors into neoplastic cells is not
yet known (16).

About one-third of the patients with t(8;14)(q11.2;q32) identified in our study had Down
syndrome, an incidence that is much higher than the approximate 3% overall rate of DS in
childhood ALL (4, 12). Lundin et al. report a similar high 27% rate of DS among patients
with t(8;14)(q11.2;q32) in their recent review (15). In patients with DS and ALL this
translocation was the second most common balanced aberration (2.8%) as reported by the
International Berlin-Frankfurt-Munster (iBFM) cytogenetics register (4). Several recent
studies have shown that about half of children with DS-ALL have high level expression of
CRLF2, due to either a cryptic interstitial deletion of the pseudoautosomal region1 (PAR1)
of X/Y that causes P2RY8-CRLF2 fusion, or a cryptic translocation between IGH and
CRLF2, and about half of these patients have concomitant JAK2 point mutations (18, 19).
The mechanism of CRLF2 activation by fusion to IGH is much like the activation of CEBP
by IGH fusion in DS patients with ALL and the t(8;14)(q11.2;q32). Both cases (activation of
CRLF2 and CEBP) are much more frequent in DS ALL than in childhood ALL as a whole.
At this time the mechanism of the association between trisomy 21 and these translocations is
not clear. Nor is it known whether activating JAK2 mutations are present in patients with
t(8;14)(q11.2;q32).

In this series only 1 of 22 patients (a non-DS patient) had concomitant t(9;22)(q34;q11.2) –
the Philadelphia chromosome. This is in contrast to the high (30%) prevalence of a
Philadelphia chromosome in children with t(8;14)(q11.2;q32) reported by others (15).
Similarly, more females have this translocation in our series in contrast to the male
preponderance included in that report (15).

In B-cell ALL most patients (68.7%) can be classified as NCI standard-risk (8). In contrast,
in t(8;14)(q11.2;q32) ALL only 31.8% were standard-risk (p=0.0002). The EFS of the non-
DS t(8;14)(q11.2;q32) patients (50.1±17.7%) was low, more in line with the low 8-year EFS
(56.5% to 64.9%) reported for high-risk B-cell ALL in COG studies from the same era (8).
These patients were treated on protocols spanning several decades, during which consistent
improvement in survival was achieved.

Recent outcome of ALL patients with DS is reportedly similar to non-DS ALL patients,
using risk-adapted therapies, after adjusting for biological differences (12, 20). This is in
contrast to AML in which patients with DS have improved outcome compared to non-DS
patients (21). Lundin et al., in their literature review of patients with t(8;14)(q11.2;q32),
show slightly worse median survival in DS compared to non-DS (15). In contrast, in our
COG patients with t(8;14)(q11.2;q32) the DS patients seem to have an improved outcome
versus non-DS patients. In fact, all seven DS patients have survived thus far with no event
(follow up range: 2.6 - 16.7 years). Age and presenting WBC were similar in the DS and the
non-DS groups. Thus the NCI-risk group cannot explain the improved outcome of DS
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patients on frontline COG protocols. Our results require further confirmation from other
cooperative group studies.

In conclusion, the rare recurring translocation t(8;14)(q11.2;q32) in childhood ALL is
associated with B-cell phenotype and often with high-risk features. About 30% of patients
with this translocation have constitutional DS and an outcome superior to non-DS patients.
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Figure 1.
G-banded t(8;14)(q11.2;q32) and diagrammatic representation of the translocation.
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Figure 2.
Twenty two patients with t(8;14)(q11.2;q32) had 5 years event-free-survival of 70.6 ±14.4%
(a) and 5 years overall-survival of 76.3 ±13.1% (b).
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Figure 3.
Children with Down Syndrome (DS) compared to non-DS. a. 5-year event-free-survival =
100% (DS) vs. 50.1±17.7% (non-DS); p=0.04. b. Overall survival = 100% (DS) vs.
60.9±17.0% (non-DS); p=0.088.
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Table 2

Summary Demographic Data

Patients n = 22

Gender Males 9 (40.9%)

Females 13 (59.1%)

Age at diagnosis (Years) median = 10.6 (range 2.7 -17.1)

WBC at diagnosis (per mm3) median = 9,950 (range 700-172,000)

NCI Risk Group Standard 7 (31.8%)

High 15 (68.2%)

ALL Phenotype B-cell 22 (100%)

Constitutional Chromosomal Abnormality Down 7 (31.8%)

Turner
* 1 (4.5%)

Normal 14 (63.6%)

*
Phenotypic Turner syndrome with mosaic constitutional r(Y)(p11.2q11.2)
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Table 3

Cytogenetic Data

CONSTITUTIONAL +21

1
* 47,XY,t(8;14)(q11.2;q32),+21c[7]/47,XY,+21c[2]

2 47,XY,t(8;14)(q11.2;q32),+21c[12]/47,XY,+21c[8]

3 47,XX,der(14)t(8;14)(q11.2;q32),+21c[135]

4
* 47,XX,t(8;14)(q11.2;q32),del(9)(p13p22),+21c[9]/47,XX,+21c[6]

5 47,XY,t(8;14)(q11.2;q32),add(9)(p13),+21c[6]/47,XY,+21c[4]

6
* 47,XX,t(8;14)(q11.2;q32),+21c[9]/47,idem,add(16)(q24)[9]/47,XX,+21c[2]

7 48,XX,+X,t(8;14)(q11.2;q32),+21c[17]

ACQUIRED +21

8 47,XX,t(8;14)(q11.2;q32),+21[16]/46,XX[4]

9 47,XX,t(8;14)(q11.2;q32),del(13)(q14),+?21[18]/46,XX[2]

10
* 56,XX,+X,der(3)t(3;8)(p27;q13),+5,+7,+8,t(8;14)(q11.2;q32),+10,+14,+18,+21,+21,+22[6]/46,XX[12]

NON-TRISOMY 21

11
* 46,XY,t(8;14)(q11.2;q32)[22]/46,XY[1]

12
* 46,XX,t(8;14)(q11.2;q32),i(9)(q10)[20]

13
* 46,XY,t(1;5)(p32;q31),t(8;14)(q11.2;q32)[20]

14
* 46,XY,t(8;14)(11.2;q32),t(9;22)(q34;q11.2),add(17)(p13)[6]/46,X,idem,der(X)t(X;8)(q28;q11.2)[12]/46,XY[3]

15 46,XY,t(8;14)(q11.2;q32),add(9)(p22)[7]/46,XY[13]

16 46,XX,t(8;14)(q11.2;q32)[2]/45,idem,-der(8)t(8;14)[5]/46,XX[13]

17 47,XY,+X,t(8;14)(q11.2;q32)[9]/46,XY[20]

18
* 47,XX,t(8;14)(q11.2;q32),del(13)(q14),+der(14)t(8;14)[14]/46,XX[6]

19 47,X,r(Y)(p11.2q11.2)c,+5,t(8;14)(q11.2;q32),der(21)t(1;21)(q12;q22)[9]/46,X,r(Y)(p11.2q11.2)c[11]

20 48,XX,+2,t(8;14)(q11.2;q32),+mar[10]/47,idem,-20[6]/46,XX[1]

21
* 50,XY,+X,+4,+5,t(8;14)(q11.2;q32),+der(14)t(8;14)[15]/46,XY[6]

22 92,XXXX,+X,t(8;14)(q11.2;q32)x2,-9,del(9)(p13p22)x2[cp9]/46,XX[1]

EXCLUDED

E1 48,XX,+X,t(8;14)(q11.2;q32),+21c[5]/47,XX,+21c[17]

E2 47,XX,t(8;14)(q11.2;q32),+21c[6]/47,XX,+21c[17]

Cytogenetic results of all 22 patients that are included in the clinical analysis (patients 1-22) and the 2 excluded patients who were not treated on
Children's Oncology Group therapeutic trials (patients E1 and E2).

*
Previously reported by Kaleem et al. (1)
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