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Acute lymphoblastic leukemia

Introduction

High hyperdiploid (HeH) cases (51-67 chromosomes), char-
acterized by non-random multiple chromosomal gains, form
one of the largest subgroups of pediatric B-cell precursor acute
lymphoblastic leukemia (ALL).1 HeH cases are generally asso-
ciated with favorable clinical features, such as a low white
blood cell (WBC) count, lack of extramedullary manifesta-
tions, and age between 2-5 years, and have a superior out-
come, with overall survival (OS) rates exceeding 90% in most
contemporary treatment protocols.1-7 This notwithstanding, a
substantial proportion of patients relapses, so event-free sur-
vival (EFS) rates are only 70-80%.4-7 Several attempts have

been made to define the clinical and genetic characteristics
present at the time of diagnosis that would enable identifica-
tion of patients who will respond poorly to standard-risk
treatment and who could, therefore, benefit from more inten-
sive therapy. However, only a few clinical features have been
shown to be associated with decreased EFS within the HeH
group, namely age >10 years, male gender, and bone marrow
fibrosis.5,8,9 As regards genetic factors, it has been suggested
that some karyotypic patterns and aberrations – low modal
chromosome number, lack of certain trisomies, and the pres-
ence of various structural changes – confer a more dismal out-
come, albeit with conflicting results in different studies.2,4,5,7,9-13

The prognostic impact of the “triple trisomies”, i.e., concur-

©2013 Ferrata Storti Foundation. This is an open-access paper. doi:10.3324/haematol.2013.085852
The online version of this article has a Supplementary Appendix.
Manuscript received on February 7, 2013. Manuscript accepted on April 10, 2013.
Correspondence: kajsa.paulsson@med.lu.se/bertil.johansson@med.lu.se

Between 1992 and 2008, 713 high hyperdiploid acute lymphoblastic leukemias in children aged 1-15 years were
diagnosed and treated according to the Nordic Society for Pediatric Hematology and Oncology acute lymphoblastic
leukemia 1992/2000 protocols. Twenty (2.8%) harbored t(1;19), t(9;22), der(11q23), or t(12;21). The median age of
patients with “classic” high hyperdiploidy was lower than that of patients with translocation-positive high hyper-
diploidy (P<0.001). Cases with triple trisomies (+4, +10, +17), comprising 50%, had higher modal numbers than the
triple trisomy-negative cases (P<0.0001). The probabilities of event-free survival and overall survival were lower for
those with white blood cell counts ≥50x109/L (P=0.017/P=0.009), ≥5% bone marrow blasts at day 29
(P=0.001/0.002), and for high-risk patients (P<0.001/P=0.003), whereas event-free, but not overall, survival, was
higher for cases with gains of chromosomes 4 (P<0.0001), 6 (P<0.003), 17 (P=0.010), 18 (P=0.049), and 22 (P=0.040),
triple trisomies (P=0.002), and modal numbers >53/55 (P=0.020/0.024). In multivariate analyses, modal number and
triple trisomies were significantly associated with superior event-free survival in separate analyses with age and
white blood cell counts. When including both modal numbers and triple trisomies, only low white blood cell counts
were significantly associated with superior event-free survival (P=0.009). We conclude that high modal chromo-
some numbers and triple trisomies are highly correlated prognostic factors and that these two parameters identify
the same subgroup of patients characterized by a particularly favorable outcome. 
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rent +4, +10, and +17, is debated; they have been reported
to be associated with low risk by the Children’s Oncology
Group (COG) but not in UK trials.7,13 Furthermore, +18 has
been correlated with a lower risk of relapse, at least in the
UK.5,7 In order to address the important issue of clinical
and genetic risk factors in HeH, we ascertained and
reviewed all such cases diagnosed between 1992 and 2008
in Nordic countries and treated according to the Nordic
Society for Pediatric Hematology and Oncology (NOPHO)
ALL 1992 and ALL 2000 protocols,14 a cohort of more than
700 patients. 

Methods

Patients and cytogenetics
The following inclusion criteria were applied: B-cell precursor

ALL diagnosed in children aged 1-15 years in the Nordic countries
(Denmark, Finland, Iceland, Norway, and Sweden) between 1992
and 2008 that were high hyperdiploid (51-67 chromosomes) or, in
cases in which cytogenetic analysis failed or those with a “normal”
karyotype, showing a gain of more than four extra chromosomes
by interphase fluorescence in situ hybridization (FISH) or having a
DNA index greater than 1.12.1,15,16 Chromosome banding analyses
were performed on bone marrow/peripheral blood samples using
standard methods by 15 different cytogenetic laboratories in the
Nordic countries. All abnormal karyotypes have been centrally
reviewed annually since 1996 in  Sweden and since 2000 in all five
Nordic countries. Cases with t(1;19)(q23;p13)/TCF3-PBX1,
t(9;22)(q34;q11)/BCR-ABL1, der(11q23)/MLL rearrangement, or
t(12;21)(p13;q22)/ETV6-RUNX1 in a high hyperdiploid back-
ground (translocation-positive high hyperdiploidy; t-HeH) were
not excluded from the initial analyses, nor were cases with incom-
plete karyotypes. Since 2000, the NOPHO protocols14 have
required, apart from conventional G-banding, targeted analyses
for t(1;19), t(9;22), der(11q23), and t(12;21) by FISH, Southern blot,
or reverse transcriptase-polymerase chain reaction (PCR).
Although such investigations were not compulsory in the ALL
1992 protocol,14 several of the participating laboratories had per-
formed prospective analyses of the above-mentioned rearrange-
ments since the mid 1990s, in some instances also retrospectively. 
The study was approved by the Regional Ethical Review Board

at Lund University and informed consent was obtained according
to the Declaration of Helsinki.

Statistical analyses
The PASW Statistics 18.0.0 software for Windows (SPSS Inc.,

Chicago, IL, USA) was used for all calculations. The significance
limit for two-sided P values was set at less than 0.05. Modal chro-
mosome numbers were defined as the highest number in kary-
otypes with a range of chromosome numbers. In the analysis of
the prognostic impact of +4, +10, +17 (triple trisomies), and +18,
cases were considered completely informative if no marker chro-
mosomes were present; if markers were found, cases could not be
classified as negative for these specific trisomies. Possible differ-
ences between subgroups were investigated using two-sided
Mann-Whitney’s tests, two-tailed Fisher’s exact probability tests,
and c2 tests. The probabilities of EFS (pEFS) and OS (pOS) at 5 and
10 years were calculated using the Kaplan-Meier method, and sub-
groups were compared using the log rank test. The following
parameters were investigated: t-HeH, modal number, triple tri-
somies, all individual gains, structural changes as such, 1q gain, 6q
deletion, 17q gain, gender, age, WBC count, mediastinal mass,
central nervous system involvement, bone marrow remission at
days 15 and 29, treatment protocol, and risk group (standard risk,

intermediate risk, high risk).14 Multivariate analysis using a Cox
regression model was performed to identify factors that had an
independent impact on pEFS and pOS. In the analysis of pEFS,
events consisted of induction failure, resistant disease, relapse,
death in first complete remission, and second malignant neo-
plasms. In the analysis of pOS, death from any cause was the end-
point. The median observation time for patients in continuous first
complete remission was 126 months (range, 24-235 months). The
NOPHO leukemia registry is updated annually; follow-up data
were extracted in April, 2012.

Results

Basic cytogenetic features
A total of 713 cases were ascertained and reviewed,

accounting for 30% of all Nordic B-cell precursor ALL in
children aged 1-15 years diagnosed between 1992 and
2008. Of these, 695 (97%) displayed G-banded karyotypes
with 51-67 chromosomes, ten (1.4%) were identified by
interphase FISH, and eight (1.1%) by DNA flow analyses.
Twenty (2.8%) cases harbored one of the ALL-associated
translocations t(1;19) (n = 4), t(9;22) (n = 6), der(11q23) (n
= 3), or t(12;21) (n = 7) and were classified as t-HeH. The
remaining 693 were “classic” HeH B-cell precursor ALL.

Cytogenetic features of the 693 high
hyperdiploid cases
Of the 693 cases, modal chromosome numbers were

known in 675; the median mode was 55 chromosomes
(Online Supplementary Figure S1A). Triple trisomies
(+4,+10,+17) were present in 175 (50%) and absent in 178
(50%) of 353 informative cases. The triple trisomy-posi-
tive cases had a median mode of 56 chromosomes (range,
51-65), whereas the negative cases had a median mode of
55 chromosomes (range, 51-62) (Online Supplementary
Figure S1B and C) (P<0.0001). 
A total of 298 cases were informative for all chromo-

somes as regards numerical changes. The most frequently
gained chromosomes were 21 (98.4%), X (90.0%), 6
(83.2%), 14 (82.8%), 18 (77.7%), 4 (77.3%), 17 (73.1%), 10
(71.2%), and 8 (37.5%) (Online Supplementary Figure S2).
All other chromosomes were gained in less than 25% of
cases. 
Among 456 informative cases, 237 (52%) had structural

chromosome changes, with the most common being 1q
gain (68/337; 20%), 6q deletion (14/318; 4.4%), and 17q
gain (11/311; 3.5%). 

Cytogenetic features of the 20 translocation-positive
high hyperdiploid cases
The karyotypes of the t-HeH cases are listed in Online

Supplementary Table S1. The median modal chromosome
numbers were 57 for the t(1;19) group, 56-57 for t(9;22), 54
for der(11q23), and 52 for t(12;21). Among the nine
informative cases, the most frequent gains were +X
(89%), +21 (89%), +6 (67%), +10 (67%), +4 (56%), +14
(56%), and +18 (44%). All other chromosomes were
gained in less than 25% of cases.

Clinical features at diagnosis
The male/female sex ratio was close to 1.0 in all cytoge-

netic subgroups, with the possible exception of t(1;19)-
positive cases (Table 1). Two patients had Down syn-
drome (DS), neither of whom had t-HeH. The median age
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was lower (P<0.001) among the HeH cases (3.78 years;
range, 0.95-15.0) than the t-HeH cases (5.92 years; range,
2.86-14.19), whereas no significant differences were seen
between these groups regarding WBC counts or incidence
of extramedullary leukemia. 

Clinical features at diagnosis in relation to karyotypic
patterns of the high hyperdiploid cases
Among the 688 HeH cases treated according to the

NOPHO ALL 1992/2000 protocols,14 670 were informative
for modal chromosome numbers. Clinical features and
survival in relation to modal number are given in Online
Supplementary Table S2. There were no significant differ-
ences in age or WBC count distributions between cases
with 51-53 chromosomes versus cases with more than 53
chromosomes or between cases with 51-55 chromosomes
versus cases with more than 55 chromosomes. The modal
chromosome number distributions did not differ between
boys and girls. 
As regards cases positive and negative for triple tri-

somies, there was no impact of age, WBC count, or gen-
der. Among the most frequent gains, there were signifi-
cant differences in age distributions for chromosomes 6
(median age 4.74 years for disomy versus 3.42 for trisomy;
P<0.001), 17 (median 4.65 for disomy versus 3.43 for tri-
somy; P=0.001), and 18 (median age 4.51 years for disomy
versus 3.44 for trisomy; P=0.021) and in WBC counts for
chromosome 4 (median WBC count 10.8 for disomy versus
6.1 for trisomy; P=0.036). Gains of chromosomes 4 and 6
were more common in females than in males (85% versus
71%; P=0.002 and 89% versus 80%; P=0.021). The pres-
ence of structural changes as such, 1q gain, 6q deletion, or
17q gain did not vary in relation to WBC counts or gender,
whereas the age distribution differed significantly
between cases with and without structural changes (medi-
an age 4.10 versus 3.76; P=0.028).

Risk classification and treatment response
Data on risk stratification and treatment response,

including frequency and types of primary events, in the
688 HeH and the 20 t-HeH patients treated according to
the NOPHO ALL 1992/2000 protocols, are summarized in
Table 2. Since there were no significant differences in pEFS
at 5 and 10 years between patients treated according to
the ALL 1992 or 2000 protocols [ALL 1992: 0.82, standard
error (SE) 0.02 and 0.79 SE 0.02, respectively, versus ALL
2000: 0.82 SE 0.02 and 0.81 SE 0.02, respectively; P=0.683]

or in pOS at 5 and 10 years (ALL 1992: 0.90 SE 0.02 and
0.88 SE 0.02, respectively, versus ALL 2000: 0.92 SE 0.02
and 0.91 SE 0.02, respectively; P=0.297), data from these
two treatment regimens were combined in the subsequent
analyses. 
Forty-nine percent of the HeH cases were classified as

standard risk, 38% as intermediate risk, and 14% as high
risk (Table 2). The corresponding frequencies for t-HeH
were 40%, 5%, and 55%; however, it should be stressed
that the presence of t(1;19), t(9;22), and der(11q23) was
risk-stratifying in the protocols. The majority of patients,
irrespectively of whether they had HeH or t-HeH, were in
morphological remission at day 15 and close to 100% had
less than 5% bone marrow blasts at day 29 (Table 2).
There were no significant differences between the HeH
and t-HeH groups as regards achievement of complete
remission or in proportions of patients in first complete
remission, induction failure/resistant disease, relapse,
death in first complete remission, or development of a sec-
ond malignant neoplasm.

Survival in relation to clinical features among the 708
patients treated according to the NOPHO ALL 1992/
2000 protocols
For the entire patient cohort, the 5- and 10-year pEFS

were 0.82 and 0.80, respectively; the corresponding pOS
were 0.91 and 0.89 (Online Supplementary Table S3; Online
Supplementary Figure S3). There were no significant differ-
ences in pEFS (P=0.439) or pOS (P=0.393) between the 688
HeH and 20 t-HeH patients. 
The impact of gender, age, WBC count, central nervous

system disease, mediastinal mass, risk group, and percent-
age of bone marrow blasts at days 15 and 29 on pEFS and
pOS was investigated in the 688 HeH patients. Survival
rates were significantly lower for boys (pEFS only;
P=0.006; Figure 1), for patients with WBC counts
≥50x109/L (pEFS; P=0.017 and pOS; P=0.009; Figure 2) or
≥5% bone marrow blasts at days 15 (pEFS; P<0.001 and
pOS; P<0.001) and 29 (pEFS; P=0.001 and pOS; P=0.002),
and for patients grouped as high risk (pEFS; P<0.001 and
pOS; P=0.003) (Table 3).

Survival in relation to cytogenetic features among 
the 688 high hyperdiploid patients treated according
to the NOPHO ALL 1992/2000 protocols 
The presence of trisomies/tetrasomies 4, 6, 17, 18, and

22 was significantly associated with a higher pEFS; none
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Table 1. Clinical features at the time of diagnosis of 713 children with high hyperdiploid B-cell precursor ALL.
Total HeH t(1;19)1 t(9;22)1 der(11q23)1 t(12;21)1

(n = 713; 100%) (n = 693; 97.2%) (n = 4; 0.6%) (n = 6; 0.8%) (n = 3; 0.4%) (n = 7; 1.0%)

Male/female (ratio) 359/354 (1.0) 347/346 (1.0) 3/1 (3.0) 3/3 (1.0) 2/1 (2.0) 4/3 (1.3)
Down syndrome (%)2 2 (0.3%) 2 (0.3) 0 0 0 0
Median age in years (range) 3.85 (0.95-15.0) 3.78 (0.95-15.0) 6.58 (5.23-7.45) 11.6 (5.37-14.2) 3.85 (3.72-4.01) 4.68 (2.86-13.2)
Median WBC x 109/L (range) 6.5 (0.4-291) 6.5 (0.4-291) 2.4 (2.1-7.0) 62.8 (2.0-106) 10.6 (4.1-30.7) 4.0 (1.5-10)
Extramedullary leukemia (%)2

Central nervous system 13/706 (1.8) 11/686 (1.6) 0/4 1/6 (17) 1/3 (33) 0/7
Mediastinal mass 9/706 (1.3) 9/686 (1.3) 0/4 0/6 0/3 0/7
Testes3 3/354 (0.8) 3/342 (0.9) 0/3 0/3 0/2 0/4

1In cases with 51-67 chromosomes; 2data missing for some variables in the HeH cases: Down syndrome (n=8), central nervous system involvement (n=7), mediastinal mass (n=7),
and testicular involvement (n=5); 3percentage of males. HeH: high hyperdiploidy without t(1;19)(q21;q23), t(9;22)(q34;q11), der(11q23), or t(12;21)(p13;q22); WBC: white blood
cell count.



of the gains correlated with pOS (Online Supplementary
Table S4). Cases positive for triple trisomies (P=0.003) or
with modal numbers >53/55 (P=0.020/0.031) had higher
pEFS; there was no significant difference in pOS. Neither
pEFS nor pOS varied significantly with the presence of
structural changes as such, 1q gain, 6q deletion, or 17q
gain.

Multivariate analysis of clinical and cytogenetic 
features in relation to survival among the high 
hyperdiploid patients
A total of 344 HeH patients treated according to the

NOPHO ALL 1992/2000 protocols were completely
informative for age, WBC count, triple trisomies, and
modal number. Compared with the HeH cases lacking
data on modal chromosome number and/or triple tri-
somies, this subgroup of 344 patients did not differ signif-
icantly as regards pOS (P=0.335) whereas pEFS was some-
what increased (P=0.041). 
A multivariate analysis of age, WBC count, and modal

numbers as continuous variables revealed that all these
three parameters were significantly associated with pEFS,
with high modal numbers (P=0.003; Figure 3), low WBC
counts (P=0.009), and young age (P=0.027) being associat-
ed with favorable outcome, whereas a multivariate analy-
sis of age, WBC count, and triple trisomies showed that
low WBC counts (P=0.011) and presence of triple tri-

somies (P=0.004; Figure 4) were associated with superior
pEFS; in this analysis, young age was not significant
(P=0.09). When including both modal numbers and triple
trisomies, only low WBC counts were significantly associ-
ated with superior pEFS (P=0.009); the three other param-
eters were not significant – young age (P=0.052), high
modal numbers (P=0.056), and presence of triple trisomies
(P=0.081). 
As regards pOS, a multivariate analysis of age, WBC

count, and modal numbers as continuous variables
revealed that only young age was significantly associated
with superior survival (P=0.021), whereas low WBC
counts and high modal numbers were not (P=0.069 and
P=0.1, respectively). The same was true when including
triple trisomies instead of modal number (young age:
P=0.045; low WBC counts: P=0.084; presence of triple tri-
somies: P=0.1) and when including both modal numbers
and triple trisomies (young age: P=0.034; low WBC
counts: P=0.079; presence of triple trisomies: P=0.33; high
modal number: P=0.30).

Discussion

The present population-based, consecutive, and uni-
formly treated series of HeH childhood ALL, comprising
30% of all B-cell precursor ALL cases diagnosed in the
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Table 2. Risk classification, response, and primary events in the 708 children with high hyperdiploid B-cell precursor ALL treated according to the
NOPHO ALL 1992/2000 protocols.

Total HeH t(1;19)1 t(9;22)1 der(11q23)1 t(12;21)1
(n = 708; 100%) (n = 688; 97.2%) (n = 4; 0.6%) (n = 6; 0.8%) (n = 3; 0.4%) (n = 7; 1.0%)

Treatment protocol (%)
ALL 1992 389 (55) 378 (55) 2 (50) 6 (100) 2 (67) 1 (14)
ALL 2000 319 (45) 310 (45) 2 (50) 03 1 (33) 6 (86)
Classification (%)
Standard risk 344 (49) 336 (49) 3 (75) 0 1 (33) 4 (57)
Intermediate risk 260 (37) 259 (38) 0 0 0 1 (14)
High risk 104 (15) 93 (14) 1 (25) 6 (100) 2 (67) 2 (29)
BM blasts day 15/day 29 (%)2

<5% 444 (77)/628 (96) 434 (77)/609 (96) 2 (100)/4 (100) 3 (75)/6 (100) 2 (100)/3 (100) 3 (50)/6 (86)
5-25% 102 (18)/23 (3.5) 101 (18)/22 (3.5) 0/0 0/0 0/0 1 (17)/1 (14)
>25% 30 (5.2)/3 (0.5) 27 (4.8)/3 (0.5) 0/0 1 (25)/0 0/0 2 (33)/0
Complete remission (%)2 688 (98.7) 669 (98.7) 3 (100) 6 (100) 3 (100) 7 (100)
Primary events (%)
Fist complete remission 572 (81) 555 (81) 4 (100) 4 (67) 2 (67) 7 (100)
Induction failure/resistant disease 8 (1.1) 8 (1.2) 0 0 0 0
Relapse 100 (14) 99 (14) 0 1 (17) 0 0
BM 72 (72) 71 (72) 0 1 (100) 0 0
CNS 11 (11) 11 (11) 0 0 0 0
Testes 1 (1.0) 1 (1.0) 0 0 0 0
BM and CNS 8 (8.0) 8 (8.1) 0 0 0 0
BM and testes 3 (3.0) 3 (3.0) 0 0 0 0
BM, CNS, and testes 1 (1.0) 1 (1.0) 0 0 0 0
BM and other site 4 (4.0) 4 (4.0) 0 0 0 0
Dead in first complete remission 17 (2.4) 16 (2.3) 0 0 1 (33) 0
Second malignant neoplasm 11 (1.6) 10 (1.5) 0 1 (17) 0 0
Acute myeloid leukemia 3 (27) 3 (30) 0 0 0 0

Myelodysplastic syndrome 6 (55) 6 (60) 0 0 0 0
Other 2 (18) 1 (10) 0 1 (100) 0 0

1In cases with 51-67 chromosomes; 2data missing for some variables: BM blasts on day 15 (n=134), BM blasts on day 29 (n=55), and achievement of complete remission (n=12);
3cases with t(9;22) were not included in the NOPHO ALL 2000 protocol. BM: bone marrow; CNS: central nervous system; HeH: high hyperdiploidy without t(1;19)(q21;q23),
t(9;22)(q34;q11), der(11q23), or t(12;21)(p13;q22); 



Nordic countries between 1992 and 2008, is one of the
largest reported to date. The patients were characterized
by young age, low WBC counts, rare occurrence of
extramedullary leukemia, and an equal sex ratio, all in line
with findings in previously published series.1 Furthermore,
the distribution of the modal number (Online
Supplementary Figure S1A) and the frequencies of specific
numerical (Online Supplementary Figure S2) and structural
chromosome aberrations also agree well with other stud-
ies.1,2,4,5 Thus, this cohort of patients is clearly representa-
tive of the HeH subgroup. 
Among the 713 HeH cases, 20 (2.8%) harbored the well-

known ALL-associated translocations/fusion genes
t(1;19)/TCF3-PBX1, t(9;22)/BCR-ABL1, t(12;21)/ETV6-
RUNX1, or der(11q23)/MLL rearrangements (Online
Supplementary Table S1), a frequency on a par with the pre-
viously reported 1-4% t-HeH in pediatric HeH ALL.5,17
Such cases are usually risk-grouped to the respective

translocation-positive subgroup,5 and they were, there-
fore, excluded from the main analyses of clinical and sur-
vival data in the present study. However, little is known
about the prognostic implications of these rearrangements
in an HeH context. We found no significant differences
between the HeH and t-HeH groups regarding WBC
counts, incidence of extramedullary leukemia, achieve-
ment of complete remission, pEFS, or pOS (Tables 1 and 2;
Online Supplementary Table S3). On the other hand, the t-
HeH patients were significantly older (Table 1). Since
increased age is an established risk factor in childhood
ALL,18 this could indicate that the limited number of t-HeH
cases in the present investigation precluded detection of
differences in survival compared with HeH cases.
However, it has been reported that t(1;19)-positive t-HeH
cases are associated with favorable presenting characteris-
tics, such as young age, low WBC counts, and lack of
extramedullary leukemia, and a low incidence of
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Figure 1. Event-free
(A) and overall survival
(B) of 688 HeH cases
by gender.
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Figure 2. Event-free (A)
and overall survival (B)
of 688 HeH cases by
white blood cell count
(WBC).
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relapse,2,19 like the t(1;19)-positive cases in the present
series (Tables 1 and 2; Online Supplementary Table S3). As
far as concerns t-HeH patients with t(9;22), it has been
suggested that they either have a more favorable survival
and/or treatment response compared with t(9;22)-positive
near-diploid ALL20,21 or the same dismal outcome as all
other patients with this translocation.22,23 The fact that all
six t-HeH with t(9;22) in our Nordic cohort achieved com-
plete remission and all but one remain alive would rather
agree with the former view (Table 2; Online Supplementary
Table S1). Obviously, larger series are needed to address
this clinically important issue, and this is something that
will require international collaboration due to the rarity of
t-HeH in pediatric patients.
In childhood ALL in general, several clinical features

have been associated with outcome.18 In the present HeH
cohort, gender only had an impact on pEFS, whereas WBC
counts, risk group, and percentage of bone marrow blasts
at days 15 and 29 were significant factors for both pEFS
and pOS (Table 3). Since the WBC count is an important
parameter for risk stratification in the NOPHO ALL proto-
cols,14 it is not surprising that the risk group assignments
correlated with survival considering the strong impact of
high WBC counts on pEFS and pOS. That boys with HeH
have a lower pEFS is in line with what was found in a pre-
vious study of a HeH series of similar size from the UK

(Figure 1).5 However, in contrast to the UK series, we also
detected significantly lower pOS in cases with high WBC
counts (Figure 2). These differences between the UK and
the Nordic countries may well be spurious, but could also
reflect different treatment regimens. 
Another factor that has been associated with an unfa-

vorable outcome in pediatric ALL is DS.24,25 In the present
study, only two (0.3%) of the patients had DS, correspon-
ding to 2.6% of all DS-ALL diagnosed during this time
period (data not shown). The former frequency is similar to
the one described by Heerema et al.,4 whereas the latter is
lower than the 5-16% previously reported in DS-ALL.26-30
Both DS patients in our series are alive in first complete
remission more than 9 years after diagnosis. Thus, our
data neither support a notable prevalence of DS in HeH
patients nor indicate a particularly poor outcome of DS-
HeH cases. However, the prognosis of DS-HeH patients
must be ascertained in much larger series. 
In the present study, some cytogenetic aberrations were

found to be significantly associated with certain clinical
features at diagnosis. For example, +4 and +6 were more
common in girls than in boys. We know of no prior study
reporting such gender-related cytogenetic differences in
HeH, and when reviewing all published HeH kary-
otypes,17 no skewed sex ratios were detected (data not
shown). Thus, the observed gender variations may well be
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Table 3. Survival in relation to clinical features of the 688 HeH patients treated according the ALL 1992/2000 protocols.
Variable1 N. of cases (%) pEFS at 5 years (SE) pEFS at 10 years (SE) P2 pOS at 5 years (SE) pOS at 10 years (SE) P2

Gender
Female 342 (50) 0.86 (0.02) 0.84 (0.02) 0.006 0.94 (0.01) 0.92 (0.02) 0.061
Male 346 (50) 0.79 (0.02) 0.76 (0.02) 0.89 (0.02) 0.87 (0.02)
Age
1-4 years 477 (69) 0.85 (0.02) 0.82 (0.02) 0.117 0.92 (0.01) 0.90 (0.01) 0.120
5-9 years 148 (22) 0.76 (0.04) 0.74 (0.04) 0.91 (0.02) 0.90 (0.03)
10+ years 63 (9.2) 0.79 (0.05) 0.79 (0.05) 0.88 (0.04) 0.82 (0.05)
WBC count
<50x109/L 639 (93) 0.83 (0.02) 0.81 (0.02) 0.017 0.92 (0.01) 0.90 (0.01) 0.009
≥50x109/L 49 (7.1) 0.71 (0.07) 0.71 (0.07) 0.78 (0.06) 0.78 (0.06)
CNS disease
Yes 11 (1.6) 0.73 (0.13) 0.73 (0.13) 0.420 0.91 (0.09) 0.91 (0.09) 0.990
No 670 (98) 0.82 (0.02) 0.80 (0.02) 0.91 (0.01) 0.89 (0.01)
Mediastinal mass
Yes 9 (1.3) 0.67 (0.16) 0.67 (0.16) 0.190 0.78 (0.14) 0.78 (0.14) 0.205
No 672 (99) 0.83 (0.02) 0.80 (0.02) 0.92 (0.01) 0.90 (0.01)
Risk group
SR 336 (49) 0.84 (0.02) 0.81 (0.02) <0.001 0.93 (0.02) 0.90 (0.02) 0.003
IR 259 (38) 0.85 (0.02) 0.84 (0.02) 0.93 (0.02) 0.92 (0.02)
HR 93 (14) 0.67 (0.05) 0.67 (0.05) 0.80 (0.04) 0.80 (0.04)
BM blasts day 15
<5% 434 (77) 0.87 (0.02) 0.85 (0.02) <0.001 0.93 (0.01) 0.93 (0.01) <0.001
5-25% 101 (18) 0.73 (0.05) 0.72 (0.05) 0.91 (0.03) 0.87 (0.04)
>25% 27 (4.8) 0.59 (0.10) 0.51 (0.11) 0.77 (0.09) 0.69 (0.11)
BM blasts day 29
<5% 609 (96) 0.84 (0.02) 0.82 (0.02) 0.001 0.93 (0.01) 0.91 (0.01) 0.002
5-25% 22 (3.5) 0.59 (0.11) 0.59 (0.11) 0.76 (0.09) 0.71 (0.10)
>25% 3 (0.5) 0.67 (0.27) nd 0.67 (0.27) nd

1Data missing for some variables: CNS disease (n = 7), mediastinal mass (n = 7), BM blasts at day  15 (n = 126), and BM blasts at day 29 (n = 54); 2significant P values are in bold
type. ALL: acute lymphoblastic leukemia; BM: bone marrow; CNS: central nervous system; HeH: high hyperdiploidy without t(1;19)(q21;q23), t(9;22)(q34;q11), der(11q23), or
t(12;21)(p13;q22); HR: high risk; IR: intermediate risk; nd: not determined; pEFS: probability of event-free survival; pOS: probability of overall survival; SE: standard error; SR: standard
risk; WBC: white blood cells.



fortuitous. The WBC counts were lower for cases with +4
than for cases disomic for this chromosome. Again, since
no previous studies have reported such an association, this
finding should be interpreted with caution. However, low
WBC counts in HeH with gain of chromosome 4 would
agree well with the significantly higher pEFS in such cases
(Online Supplementary Table S4). As regards structural
changes as such, they did not vary in relation to WBC
counts or gender, nor did 1q gain, 6q deletion, or 17q gain.
On the other hand, patients with HeH and structural
changes were significantly older than those with only
numerical changes. Interestingly, this is also the case when
reviewing published HeH cases,17 in which the median
ages were 4 years for HeH patients with structural
changes and 3 years for cases without. This would also be
in line with a recent single nucleotide polymorphism array
study of HeH showing that cases with 17q gain were older
than those without such changes.31 We also observed sig-
nificant differences in age distributions for patients with +
6, +17, and +18, with these trisomies being more common
in younger children. In published HeH cases,17 the median
ages of trisomy-positive and disomy-positive cases for
these three chromosomes are 3 and 4 years, respectively.
Thus, trisomies 6, 17, and 18 are clearly typical for young

age HeH. The biological implications of the observed age-
related cytogenetic differences are, however, unknown.
Certain cytogenetic features were – in univariate analy-

ses – also significantly associated with higher pEFS, name-
ly + 4, +6, +17, +18, and +22, presence of triple trisomies,
and high modal numbers, whereas structural changes as
such, 1q gain, 6q deletion, and 17q gain were not associat-
ed with pEFS. However, no karyotypic patterns correlated
with pOS (Online Supplementary Table S4). As regards the
impact of certain gains on pEFS, our results agree, at least
to some extent, with those of previous studies from the
USA and the UK in which significantly higher pEFS were
also observed among HeH patients with gains of chromo-
somes 4, 17, and 18; however, in contrast to our study,
these gains also correlated with higher pOS in the UK
series.4,5,32 The triple trisomies +4, +10, and +17 were also
associated with a favorable pEFS in this Nordic series, in
line with COG data.12 However, in agreement with UK tri-
als,7 the concurrent presence of these gains did not trans-
late into superior OS (Figure 4). The finding of a better
outcome, at least as regards pEFS, of HeH cases with high-
er modal chromosome numbers (Figure 3), with pEFS gen-
erally increasing with increasing modes (Online
Supplementary Table S2), was not unexpected considering
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Figure 3. Event-free (A)
and overall survival (B)
of HeH cases by modal
chromosome number.
The pEFS and pOS
analyses are based on
the 344 patients
informative for all the
following parameters:
age, WBC count, triple
trisomies, and modal
number. 

Figure 4. Event-free (A)
and overall survival (B)
of HeH cases by pres-
ence/absence of triple
trisomies (+4, +10,
+17). The pEFS and
pOS analyses are
based on the 344
patients informative
for all the following
parameters: age, WBC
count, triple trisomies,
and modal number.
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several prior studies describing such an association.2,4,5
Why high modal numbers would be a favorable prognos-
tic factor is, however, enigmatic. One may speculate that
lymphoblasts with high chromosome content are more
susceptible to chemotherapy,33 but this hypothesis awaits
investigation. 
The favorable impact of both triple trisomies and high

modal numbers (Online Supplementary Table S4) suggests a
close relationship between these two parameters. In fact,
there is much support for this proposition. First, in our
series, the modal chromosome numbers were significantly
higher in triple trisomy-positive cases than in negative
cases (Online Supplementary Figure S1B and C). Second, one
could argue that the more chromosomes, the more triple
trisomies, considering the quite restricted number of dif-
ferent frequent chromosome gains in HeH.1,34 In fact, in the
large series of HeH cases reviewed by Heerema et al.,35 the
frequencies of individual gains of chromosomes 4, 10, and
17 increased from 13-29% at mode 51 to 67-100% at
mode 67. Thus, by necessity, triple trisomies must be
more common at higher modes. Third, in the present mul-
tivariate analyses, low WBC count, young age, and high
modal number were all associated with superior pEFS; the
same was true for low WBC count, young age, and pres-
ence of triple trisomies. However, when including both
modal number and triple trisomies, only WBC count
remained statistically significant. The multicollinearity
between high modal chromosome numbers and the pres-
ence of triple trisomies clearly proves that they are highly
correlated. We, therefore, conclude that these two cytoge-

netic features identify the same subgroup of patients – an
HeH cohort with a favorable prognosis. This begs the
question: “which came first: the chicken or the egg?”,
triple trisomies or high modal numbers? Considering that
there is ample evidence, based on a 2:2 allelic ratio of loci
on tetrasomic chromosomes and few uniparental isodis-
omies in HeH cases, that the high hyperdiploid pattern
usually arises as a simultaneous gain of chromosomes in
one abnormal mitosis,36-38 it seems most likely that the
modal number is established first, with cases with high
modal numbers also harboring several trisomies, including
+4, +10, and +17. Thus, the triple trisomies are surrogate
markers for high modal chromosome numbers and do not
by themselves have a favorable prognostic impact. 
In conclusion, in this population-based, consecutive

Nordic series of 688 uniformly treated HeH cases, the
most important factor for superior pEFS was low WBC
count, with young age and high modal numbers/triple tri-
somies also being significantly associated with favorable
outcome.

Funding
This study was supported by grants from the Swedish

Childhood Cancer Foundation, the Swedish Cancer Society, and
the Swedish Research Council. 

Authorship and Disclosures
Information on authorship, contributions, and financial & other

disclosures was provided by the authors and is available with the
online version of this article at www.haematologica.org.

High hyperdiploid ALL

haematologica | 2013; 98(9) 1431

References

1. Paulsson K, Johansson B. High hyper-
diploid childhood acute lymphoblastic
leukemia. Genes Chromosomes Cancer.
2009;48(8):637-60.

2. Raimondi SC, Pui C-H, Hancock ML, Behm
FG, Filatov L, Rivera GK. Heterogeneity of
hyperdiploid (51-67) childhood acute lym-
phoblastic leukemia. Leukemia. 1996;10(2):
213-24.

3. Forestier E, Johansson B, Gustafsson G,
Borgström G, Kerndrup G, Johannsson J,
Heim S. Prognostic impact of karyotypic
findings in childhood acute lymphoblastic
leukaemia: a Nordic series comparing two
treatment periods. Br J Haematol. 2000;
110(1):147-53.

4. Heerema NA, Sather HN, Sensel MG,
Zhang T, Hutchinson RJ, Nachman JB, et al.
Prognostic impact of trisomies of chromo-
somes 10, 17, and 5 among children with
acute lymphoblastic leukemia and high
hyperdiploidy (> 50 chromosomes). J Clin
Oncol. 2000;18(9):1876-87.

5. Moorman AV, Richards SM, Martineau M,
Cheung KL, Robinson HM, Jalali GR, et al.
Outcome heterogeneity in childhood high-
hyperdiploid acute lymphoblastic
leukemia. Blood. 2003;102(8):2756-62.

6. Zachariadis V, Gauffin F, Kuchinskaya E,
Heyman M, Schoumans J, Blennow E, et al.
The frequency and prognostic impact of
dic(9;20)(p13.2;q11.2) in childhood B-cell
precursor acute lymphoblastic leukemia:
results from the NOPHO ALL-2000 trial.
Leukemia. 2011;25(4):622-8.

7. Moorman AV, Ensor HM, Richards SM,
Chilton L, Schwab C, Kinsey SE, et al.
Prognostic effect of chromosomal abnor-
malities in childhood B-cell precursor acute
lymphoblastic leukaemia: results from the
UK Medical Research Council ALL97/99
randomised trial. Lancet Oncol. 2010;11(6):
429-38.

8. Norén-Nyström U, Roos G, Bergh A,
Botling J, Lönnerholm G, Porwit A, et al.
Bone marrow fibrosis in childhood acute
lymphoblastic leukemia correlates to bio-
logical factors, treatment response and out-
come. Leukemia. 2008;22(3):504-10.

9. Sharathkumar A, DeCamillo D, Bhambhani
K, Cushing B, Thomas R, Mohamed AN, et
al. Children with hyperdiploid but not triple
trisomy (+4,+10,+17) acute lymphoblastic
leukemia have an increased incidence of
extramedullary relapse on current therapies:
a single institution experience. Am J
Hematol. 2008;83 (1):34-40.

10. Pui C-H, Raimondi SC, Dodge RK, Rivera
GK, Fuchs LA, Abromowitch M, et al.
Prognostic importance of structural chro-
mosomal abnormalities in children with
hyperdiploid (>50 chromosomes) acute
lymphoblastic leukemia. Blood. 1989;73(7):
1963-7.

11. Groupe Français de Cytogénétique
Hématologique. Collaborative study of
karyotypes in childhood acute lymphoblas-
tic leukemias. Leukemia. 1993;7(1):10-9.

12. Sutcliffe MJ, Shuster JJ, Sather HN, Camitta
BM, Pullen J, Schultz KR, et al. High concor-
dance from independent studies by the
Children's Cancer Group (CCG) and
Pediatric Oncology Group (POG) associat-

ing favorable prognosis with combined tri-
somies 4, 10, and 17 in children with NCI
standard-risk B-precursor acute lym-
phoblastic leukemia: a Children's
Oncology Group (COG) initiative.
Leukemia. 2005;19(5):734-40.

13. Schultz KR, Pullen DJ, Sather HN, Shuster
JJ, Devidas M, Borowitz M, et al. Risk- and
response-based classification of childhood
B-precursor acute lymphoblastic leukemia:
a combined analysis of prognostic markers
from the Pediatric Oncology Group (POG)
and Children's Cancer Group (CCG).
Blood. 2007;109(3):926-35.

14. Schmiegelow K, Forestier E, Hellebostad
M, Heyman M, Kristinsson J, Söderhäll S, et
al. Long-term results of NOPHO ALL-92
and ALL-2000 studies of childhood acute
lymphoblastic leukemia. Leukemia. 2010;
24(2):345-54. 

15. Harrison CJ, Moorman AV, Barber KE,
Broadfield ZJ, Cheung KL, Harris RL, et al.
Interphase molecular cytogenetic screening
for chromosomal abnormalities of prognos-
tic significance in childhood acute lym-
phoblastic leukaemia: a UK Cancer
Cytogenetics group study. Br J Haematol.
2005;129(4):520-30.

16. Forestier E, Holmgren G, Roos G. Flow
cytometric DNA index and karyotype in
childhood lymphoblastic leukemia. Anal
Cell Pathol. 1998;17(3):145-56.

17. Mitelman F, Johansson B, Mertens F.
Mitelman Database of Chromosome
Aberrations and Gene Fusions in Cancer.
http://cgap.nci.nih.gov/Chromosomes/Mit
elman (accessed July 3, 2012).

18. Pui C-H, Evans WE. Treatment of acute



lymphoblastic leukemia. N Engl J Med.
2006;354(2):166-78. 

19. Uckun FM, Sensel MG, Sather HN, Gaynon
PS, Arthur DC, Lange BJ, et al. Clinical sig-
nificance of translocation t(1;19) in child-
hood acute lymphoblastic leukemia in the
context of contemporary therapies: a report
from the Childrens Cancer Group. J Clin
Oncol. 1998;16(2):527-35.

20. Dombret H, Gabert J, Boiron J-M, Rigal-
Huguet F, Blaise D, Thomas X, et al.
Outcome of treatment in adults with
Philadelphia chromosome-positive acute
lymphoblastic leukemia - results of the
prospective multicenter LALA-94 trial.
Blood. 2002;100(7):2357-66.

21. Heerema NA, Harbott J, Galimberti S,
Camitta BM, Gaynon PS, Janka-Schaub G,
et al. Secondary cytogenetic aberrations in
childhood Philadelphia chromosome posi-
tive acute lymphoblastic leukemia are non-
random and may be associated with out-
come. Leukemia. 2004;18(4):693-702.

22. Rieder H, Ludwig W-D, Gassmann W,
Maurer J, Janssen JW, Gökbuget N, et al.
Prognostic significance of additional chro-
mosome abnormalities in adult patients
with Philadelphia chromosome positive
acute lymphoblastic leukaemia. Br J
Haematol. 1996;95(4):678-91.

23. Wetzler M, Dodge RK, Mrozek K, Stewart
CC, Carroll AJ, Tantravahi R, et al.
Additional cytogenetic abnormalities in
adults with Philadelphia chromosome-pos-
itive acute lymphoblastic leukaemia: a
study of the Cancer and Leukaemia Group
B. Br J Haematol. 2004;124(3):275-88.

24. Whitlock JA, Sather HN, Gaynon P,
Robison LL, Wells RJ, Trigg M, et al.
Clinical characteristics and outcome of chil-
dren with Down syndrome and acute lym-
phoblastic leukemia: a Children’s Cancer
Group study. Blood. 2005;106(13):4043-9.

25. Zeller B, Gustafsson G, Forestier E,
Abrahamsson J, Clausen N, Heldrup J, et al.
Acute leukaemia in children with Down
syndrome: a population-based Nordic
study. Br J Haematol. 2005;128(6):797-804.

26. Pui C-H, Raimondi SC, Borowitz MJ, Land
VJ, Behm FG, Pullen DJ, et al.
Immunophenotypes and karyotypes of
leukemic cells in children with Down syn-
drome and acute lymphoblastic leukemia. J
Clin Oncol. 1993;11(7):1361-7.

27. Forestier E, Izraeli S, Beverloo B, Haas O,
Pession A, Michalová K, et al. Cytogenetic
features of acute lymphoblastic and
myeloid leukemias in pediatric patients
with Down syndrome: an iBFM-SG study.
Blood. 2008;111(3):1575-83.

28. Hertzberg L, Vendramini E, Ganmore I,
Cazzaniga G, Schmitz M, Chalker J, et al.
Down syndrome acute lymphoblastic
leukemia, a highly heterogeneous disease
in which aberrant expression of CRLF2 is
associated with mutated JAK2: a report
from the International BFM Study Group.
Blood. 2010;115(5):1006-17.

29. Maloney KW, Carroll WL, Carroll AJ,
Devidas M, Borowitz MJ, Martin PL, et al.
Down syndrome childhood acute lym-
phoblastic leukemia has a unique spectrum
of sentinel cytogenetic lesions that influ-
ences treatment outcome: a report from the
Children's Oncology Group. Blood. 2010;
116(7):1045-50.

30. Loudin MG, Wang J, Leung HC,
Gurusiddappa S, Meyer J, Condos G, et al.
Genomic profiling in Down syndrome
acute lymphoblastic leukemia identifies
histone gene deletions associated with
altered methylation profiles. Leukemia.
2011;25(10):1555-63.

31. Herou E, Biloglav A, Johansson B, Paulsson
K. Partial 17q gain resulting from isochro-
mosomes, unbalanced translocations, and

complex rearrangements is associated with
gene overexpression, older age, and shorter
overall survival in high hyperdiploid child-
hood acute lymphoblastic leukemia.
Leukemia. 2013;27(2):493-6.

32. Harris MB, Shuster JJ, Carroll A, Look AT,
Borowitz MJ, Crist WM, et al. Trisomy of
leukemic cell chromosomes 4 and 10 iden-
tifies children with B-progenitor cell acute
lymphoblastic leukemia with a very low
risk of treatment failure: a Pediatric
Oncology Group study. Blood. 1992;79
(12):3316-24.

33. Kersey JH. Fifty years of studies of the biol-
ogy and therapy of childhood leukemia.
Blood. 1997;90(11):4243-51.

34. Paulsson K, Forestier E, Lilljebjörn H,
Heldrup J, Behrendtz M, Young BD, et al.
Genetic landscape of high hyperdiploid
childhood acute lymphoblastic leukemia.
Proc Natl Acad Sci USA. 2010;107(50):
21719-24.

35. Heerema NA, Raimondi SC, Anderson JR,
Biegel J, Camitta BM, Cooley LD, et al.
Specific extra chromosomes occur in a
modal number dependent pattern in pedi-
atric acute lymphoblastic leukemia. Genes
Chromosomes Cancer. 2007;46(7):684-93.

36. Onodera N, McCabe NR, Rubin CM.
Formation of a hyperdiploid karyotype in
childhood acute lymphoblastic leukemia.
Blood. 1992;80(1):203-8.

37. Paulsson K, Panagopoulos I, Knuutila S, Jee
KJ, Garwicz S, Fioretos T, et al. Formation
of trisomies and their parental origin in
hyperdiploid childhood acute lymphoblas-
tic leukemia. Blood. 2003;102(8):3010-5.

38. Paulsson K, Mörse H, Fioretos T, Behrendtz
M, Strömbeck B, Johansson B. Evidence for
a single-step mechanism in the origin of
hyperdiploid childhood acute lymphoblas-
tic leukemia. Genes Chromosomes Cancer.
2005;44(2):113-22.

K. Paulsson et al.

1432 haematologica | 2013; 98(9)


