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Brief Report

ABSTRACT
In acute lymphoblastic leukemia, besides age and white cell count at diagnosis, the cytogenetic abnormalities t(9;22)/BCR-ABL and
t(4;11)/MLL-AF4 are important prognostic markers and are often included in the treatment stratification of patients with adult acute lym-
phoblastic leukemia. Deletions in 9p are seen in about 9% of cases of adult acute lymphoblastic leukemia, but their prognostic impact
has been controversial. Cytogenetic data from 381 patients diagnosed with B-precursor acute lymphoblastic leukemia were reviewed.
Chromosomal analysis was successful in 240 cases. Of these cases, 18 (8%) had abnormalities in 9p and they were compared with
patients with normal karyotypes and patients with t(9;22)/BCR-ABL. Patients with abnormalities of chromosome 9 showed significantly
shorter overall survival compared with patients with normal karyotypes. In fact, overall survival was similar to that in the poor prognosis
t(9;22)/BCR-ABL-positive group. Our data suggest that chromosomal abnormalities involving 9p may have a significant negative impact
on survival in adult B-precursor acute lymphoblastic leukemia.
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Introduction 

In acute lymphoblastic leukemia (ALL), several chromoso-
mal aberrations with an impact on prognosis have been
described, such as t(9;22), t(4;11), t(1;9), and hyperdiploid or
hypodiploid karyotype. Besides t(9;22)(q34;q11)/BCR-ABL
and t(4;11)(q21;q23)/MLL-AF4, an elevated white blood cell
count, age over 40 and non-responders/slow responders to
chemotherapy are commonly regarded as high risk criteria
in ALL.1 Twenty to thirty per cent of all adults with ALL
have been found to have a normal karyotype.2 The onco-
gene BCR-ABL occurs in approximately 3% of all cases of
childhood ALL and in 25–30% of cases of adult ALL.
Deletions in 9p are found in about 9% of cases of adult
ALL.4 The 9p21 region encodes the tumor suppressor genes
p16INK4a, p14ARF and p15INK4b. Most studies of 9p
anomalies and molecular analyses of p16INK4a, p14ARF and
p15INK4b have been performed in connection with child-
hood ALL. The prognostic impact of deletions in 9p has
been controversial.2-4

Treatment of adult ALL is often adapted according to risk

group (standard or high risk). Allogeneic bone marrow trans-
plantation (BMT) has been included in the post-remission
treatment of ALL subgroups with a high risk of relapse.5,6

Allogeneic BMT is considered to be superior to maintenance
chemotherapy in BCR-ABL-positive ALL7 and is often pre-
ferred in other high risk groups, but it is not usually a stan-
dard treatment in patients with del(9p). In this retrospective
analysis of 381 adult B-precursor ALL patients, we show
that abnormalities in chromosome 9 (-9p/-9) were present in
8% of the patients. We demonstrate that patients with
abnormal 9p show significantly inferior overall survival (OS)
when compared with those with normal karyotypes.
Moreover, we show that there was no difference in OS
between patients with t(9;22) and those with abnormal 9p.

Design and Methods

Patients
Adult patients diagnosed with B-precursor ALL in Sweden

and reported to the Swedish Adult ALL Group in 1986-2000,
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and in addition those diagnosed at Karolinska
University Hospital Huddinge in 2001-2006, were
investigated. The study included a total of 381 patients
aged 17-78 years. Diagnosis of B-precursor ALL was
made according to French-American-British (FAB) and
World Health Organization (WHO) classification
when this was available. The majority of the patients
were treated uniformly according to Swedish national
protocols. Between 1986 and 1993, the national treat-

ment protocol consisted of traditional ALL treatment
adopted from the L-10 protocol.8,9 From 1994, the
national treatment protocol consisted of an intensive
chemotherapy regimen with high-dose cytarabine
upfront.10 One hundred and fifty-five (41%) patients
underwent allogeneic stem cell transplantation either
upfront, if the patient was considered to have a high
risk leukemia (defined as t(9;22)/BCR-ABL, t(4;11),
white blood cell count above 30×109/L, CNS leukemia

Table 1. Characteristics of 240 patients defined by cytogenetic analysis, *patients investigated with FISH/PCR for the presence of a
BCR/ABL rearrangement, all positive patients are under the t(9;22) category. 

cases (%) N. OS 3-year Age y WBC count (x109/L) CNS dead alive Bcl/abl*
(95% CI) Mean (range) Mean (range) leukemia

9p/-9 (7.5) 15 20(0-40)% 48 34 0 13 2 10
(21-77) (0-280)

BMT 6 33 (0-71)% 33.8 8 0 5 1
(21-57) (0-20)

No BMT 9 11 (0-32)% 55.2 54 0 8 1
(26-77) (1-280)

-9p/-9 
and t(9;22) 3 0 54(43-61) 80(38-130) 1 3 0 3
Normal (23.3) 56 52 (38-66)% 37 42

(17-74) (1-308) 1 28 28 38

BMT 17 48 (24-72)% 28 47 1 10 7
(21-46) (1-308)

No BMT 39 56 (38-73)% 42 40 0 18 21
(17-74) (1-249)

t(9;22) (33) 78 23 (14-33)% 44 53 9 64 14 69
(19-78) (2-860)

BMT 48 36(22-49)% 38 37 6 35 13
(19-59) (2-258)

No BMT 30 3(0-10)% 56 78 3 29 1
(29-78) (2-860)

t(4;11) (3.8) 9 33 (3-64)% 33 137 0 6 3 5
(17-72) (1-338)

BMT 5 40 (10-83)% 25.3 177 0 3 2
(17-33) (46-338)

No BMT 4 25 (0-67%) 42 71 0 3 1
(22-72) (1-130)

HH** (11.6) 28 54 (31-69)% 41 19 3 14 14 22
(18-74) (1-111)

BMT 11 53(23-83)% 33 27 3 7 4
(20-57) (2-111)

No BMT 17 55(31-80)% 47 14 0 7 10
(18-74) (1-55)

Complex (3.8) 7 0 48 193 0 7 0 5
(20-79) (6-380)

-17 (2) 5 20 (0-55) 30(3-83) 0 5 0 2
t(1;19) (1)  3 67 (13-100)% 96(13-257) 2 1 1
t(8;14) (1) 3 33 (0-87%) 11(6-16) 0 1 2 1
Other (13) 33 23 (9-38)% 52(1-600) 0 6 27 24

Total (100) 240 33 (27-40)% 42 50 (0-860) 14 142 98 180
(17-81)

**HH: high hyperdiploidy (>50 chromosomes).
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or late remission), or as salvage treatment in second
complete remission (CR2) and beyond CR2.

Chromosomal analysis
Cytogenetic analyses were successful in 240 cases.

In 87 patients the analysis was considered inadequate
(no mitoses or fewer than 5 metaphases in the absence
of an abnormal clone) and in 54 patients (14%) no
analysis was performed. Thus, 240 (63%) out of 381
patients were eligible for this study. In 273 cases,
reverse-transcription polymerase chain reactions (RT-
PCRs) or fluorescence in situ hybridization (FISH)
analyses were carried out in order to detect the BCR-
ABL fusion gene. Patients with five or more chromo-
some aberrations were considered to have a complex
karyotype. High hyperdiploidy was defined as > 50
chromosomes.

Statistical analysis
Overall survival was defined as the time from diag-

nosis to death from any cause. It was estimated by the
Kaplan-Meier method and differences between sub-
types were tested using the log-rank test.11 Prognostic
factors for OS were evaluated by univariate and multi-
variate analyses and the Cox proportional hazard
regression method. p values <0.05 were considered
significant for all tests. 

Results and Discussion 

Patients’ characteristics are listed in Table 1. The
mean age was 42 (range 17–81) years and 83 patients
(35%) were below the age of 40. The most common
aberration was t(9;22), which was found in 78 patients
(33%). The mean age of this group was 44 years
(19–78), of whom 35 (45%) were below the age of 40.
Sixty-two per cent of all the patients with t(9;22) had
undergone BMT, 4 of them in CR2 and all the others
upfront. The mean time to transplantation was five
months. Fifty-six patients had normal karyotypes and
17 of these (31%) had undergone BMT, 8 in first remis-
sion because of a high white blood cell count (n=7) or
CNS (n=1) involvement. The mean time to transplan-
tation was 15 months. High hyperdiploidy was found
in 28 patients and 11 (40%) of these had undergone
BMT. 

In 18 patients, including 7 under 40 years of age, we
found either del(9)(p21), -9 or translocations involving
9p (Table 1). Monosomy 9 was found in 3 cases, with
the following karyotypes: 45,XX,-9, 43,XX,-2,-9,-
14,t(9;22)(q34;q11) and 47,XY,+6,-9,+19. Trans-
locations involving 9p were found in 2 cases, 46,XY,
t(3;9)(p21;p22),t(9;22)(q34;q11) and 46XY,t(9;9)(p21;
p23-24). In 3, including the 2 patients described above
together with one additional patient, of these 18
patients the chromosomal analysis also revealed
t(9;22). Six of these 18 patients (33%) had undergone
transplantation, one upfront and 5 in CR2 or beyond.
The mean time to transplantation was 23 months.

Of the common cytogenetic groups, inferior outcome
was seen in the patients that had chromosome 9 aber-

rations. The 3-year overall survival rate in this group
was only 13% (95% CI 0–30%), 20% (95% CI 0–40%)
excluding patients with both t(9;22)/BCR-ABL and
abnormal 9p. Only 2 of the 18 patients were still alive,
one of whom had undergone BMT. Patients with
t(9;22)/BCR-ABL had a similar outcome, with a 3-year
OS rate of 22% (95% CI 12–31%). However, all but
one of the 16 patients still alive had undergone BMT.
None of the 3 patients with both t(9;22)/BCR-ABL and
abnormal 9p are alive, they died after four, nine and 14
months. These 3 patients were excluded from further
analyses regarding the 9p and t(9;22)/BCR-ABL groups.

Comparison of the group with abnormal 9p with
those with normal karyotype showed a significantly
shorter survival period among those with abnormal 9p
(p<0.01, log-rank test, Figure 1A). Excluding patients
with translocation involving 9p21 (n=2) and cases with
both t(9;22)/BCR-ABL and abnormal 9p (n=3), the dif-
ference was still significant (p=0.020). The median
event free survival  in patients with normal karyotype
was 2.5 years, while in patients with abnormal 9p it
was only six months, (p=0.0134). Patients with normal
karyotype and who were not treated with BMT had a
median OS of five years, but it was only five months
in patients with abnormal 9, (p=0.023, Figure 1B).
Patients with t(9;22) had a significantly worse out-
come compared with those with normal karyotype
(p<0.01). A Cox proportional hazard model was used

Figure 1. Overall survival – univariate analysis. (A) All patients with
normal karyotype compared with patients with abnormal chromo-
some 9, p=0.007, and all patients with t(9;22) compared with
patients with abnormal chromosome 9, p=0.781. (B) Patients with
normal karyotype vs. those with abnormal chromosome 9 who did
not undergo BMT.  
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to analyze the prognostic impact of chromosome 9
deletions and t(9;22)/BCR-ABL versus normal karyo-
type. In the first model, only the karyotype was ana-
lyzed and both chromosome 9 deletions and
t(9;22)/BCR-ABL were found to be significant negative
predictors as regards OS. In the multivariate analysis,
age, sex and white blood cell count were analyzed
together with karyotype. Age over 40 years,
t(9;22)/BCR-ABL and chromosome 9 deletions were
identified as independent high risk factors (Table 2).

Considering that cytogenetic abnormalities are
among the most important factors in predicting out-
come, we analyzed a large series of patients with adult
B-precursor ALL. We found that cytogenetic abnormal-
ities involving chromosome arm 9p in adult B-precur-
sor ALL define a group of patients with a remarkably
short survival period after conventional treatment. The
prevalence of abnormal 9p in this cohort of patients
(8%) is similar to that in previous reports about chro-
mosome 9p abnormalities in precursor B-cell ALL.
These abnormalities are more frequent than in T-cell
ALL.12 The frequency of t(9;22), which defined a cyto-
genetic-molecular group with unfavorable outcome,
was 33%, and our data are consistent with those
reported by several groups in terms of poor outcome.
Complex karyotype was associated with dismal prog-
nosis, even though no further statistical analyses were
performed owing to the low number of patients in this
group. This result is in agreement with that previously
reported by Moorman et al.12

Deletions in 9p have previously been regarded as
representing an adverse risk factor in B-lineage, but not
in T-cell ALL. Deletions in 9p21 have been studied in
childhood ALL.13,14 This locus encodes, among others,
the p14ARF protein,15,16 which binds to and inactivates
HDM-2, which in turn targets p53 for degradation (the
ARF-HDM2-P53 pathway). Thus, deletions in 9p21
result in inhibition of p53 protein.17,18 Deletions/muta-
tions of p53 protein are rare in ALL; the frequency of
17p deletions was 2% in our material. The protein
encoded by p16INK4a activates the retinoblastoma
tumor suppressor gene product, pRb. The protein
encoded by p15INK4b is another tumor suppressor. It
converts a hyperphosphorylated form of Rb protein
into a hypophosphorylated form. Deletion of
p16INK4a and p15INK4b occurs in almost all cases of

childhood T-cell ALL and it might be associated with a
favorable outcome in adult T-ALL.19 The p53 protein
and pRb are among the most important tumor sup-
pressors involved in tumor progression and drug resist-
ance.20,21 In a recent study by Moorman et al.12 del(9p)
was indicated as being a good (but not an independ-
ent) prognostic marker of good prognosis in 71 (9%)
patients in a population of patients aged between 15-
65 years, with a mean age of 29 years. Sixteen (23%)
of these patients had T-cell ALL. The number of
patients with del(9p) who had undergone BMT was
not defined. Similar results were reported by Mancini
et al. among patients with del(9p)/p15-p16.2 In con-
trast, Heerema et al.4 reported that 9p aberrations were
adverse risk factors in B-lineage ALL in a large pedi-
atric study.  

Patients with abnormal chromosome 9p in this
study showed poor overall survival, with a mean sur-
vival period of only 13 months. When comparing this
group with patients with normal karyotype, we found
a highly significant difference. Abnormalities in 9p
were found to represent an independent high risk fac-
tor and there was a similar unfavorable prognosis as
regards t(9;22)/BCR-ABL. There are differences in
patient populations between studies that may have
had an impact on the overall results. We analyzed a
pure B-precursor ALL population of adult patients with
a high mean age (42 years, range 17-81), of whom only
one had undergone BMT upfront. 

In conclusion, in this study, abnormalities in chro-
mosome arm 9p were identified as being adverse risk
factors in B-precursor ALL. Owing to the divergent
data regarding the prognostic impact of abnormalities
in 9p, additional studies are warranted as regards both
the relationship to immunophenotype and the role of
intensified treatment by means of BMT. The challenge
in future trials regarding del(9p) will also be to further
extend the number of cytogenetic-molecular analysis
techniques, such as RT-PCR and FISH.
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Table 2. Cox regression model concerning the risk of death among
patients with chromosome 9 deletion, t(9;22)/BCR-ABL and nor-
mal karyotype.

Variable RR (95% CI) p

Karyotype (normal) Del 9p 2.21 (1.07–4.57) 0.032
t(9;22)/BCR-ABL 1.95 (1.16–3.29) 0.012

Age (<40 years) ≥40 years 2.11 (1.38–3.23) <0.001
Sex (male) female 0.77 (0.50–1.16) 0.21
White blood 
cell count (<30×109/L) ≥30×109/L 1.51 (0.98–2.34) 0.065
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