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CLINICAL OBSERVATIONS, INTERVENTIONS, AND THERAPEUTIC TRIALS

Deletions of the derivative chromosome 9 occur at the time of the Philadelphia
translocation and provide a powerful and independent prognostic indicator in
chronic myeloid leukemia

Brian J. P. Huntly, Alistair G. Reid, Anthony J. Bench, Lynda J. Campbell, Nick Telford, Patricia Shepherd, Jeff Szer, H. Miles Prince,
Paul Turner, Colin Grace, Elizabeth P. Nacheva, and Anthony R. Green

Chronic myeloid leukemia (CML) is char- systems. The frequency of deletions was
acterized by formation of the = BCR-ABL  similar at diagnosis and after disease

ently simple reciprocal translocation may
therefore result in considerable genetic

fusion gene, usually as a consequence of
the Philadelphia (Ph) translocation be-
tween chromosomes 9 and 22. Large dele-

progression but was significantly in-
creased in patients with variant Ph trans-
locations. In patients with a deletion, all

heterogeneity ab initio , a concept that is
likely to apply to other malignancies asso-
ciated with translocations. Deletion sta-

tions on the derivative chromosome 9
have recently been reported, but it was
unclear whether deletions arose during
disease progression or at the time of the
Ph translocation. Fluorescence in situ
hybridization (FISH) analysis was used to
assess the deletion status of 253 patients
with CML. The strength of deletion status
as a prognostic indicator was then com-
pared to the Sokal and Hasford scoring

Ph+ metaphases carried the deletion. The
median survival of patients with and with-
out deletions was 38 months and 88
months, respectively (P = .0001). By con-
trast the survival difference between Sokal

or Hasford high-risk and non-high-risk porated into management decisions and
patients was of only borderline signifi- the analysis of clinical trials. (Blood. 2001;
cance (P=.057 and P =.034). The re- 98:1732-1738)

sults indicate that deletions occur at the
time of the Ph translocation. An appar-

tus is also a powerful and independent
prognostic factor for patients with CML.
The prognostic significance of deletion
status should now be studied prospec-
tively and, if confirmed, should be incor-
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Introduction

Chronic myeloid leukemia (CML) is a clonal hematologic maligeases of blast crisis, including mutations or deletionspb8,
nancy that results from transformation of a multipotent hemopqi16N%4, and the retinoblastoma protein, and mutation or overexpres-
etic stem cell-3 The molecular hallmark of CML is the formation sion of Ras and EVI-1.12 However, none provide a method for
of aBCR-ABLfusion gene, usually formed as a consequence of tipeospectively distinguishing those patients who will progress
Philadelphia (Ph) translocation involving chromosomes 9 anmdpidly to blast crisis from those patients whose disease pursues an
2246 BCR-ABLplays a pivotal role in the pathogenesis of CMLindolent course.
and its formation is likely to represent the initiating event. In Treatment options for patients with chronic phase CML cur-
support of this concept transgenic and retroviral transductioantly include hydroxyurea, interferam (IFN-«; with or without
studies have demonstrated that expressioB@R-ABLin murine cytosine arabinoside), and allogeneic or autologous stem cell
bone marrow cells resulted in leukemia, with some cases closélgnsplantation. Recently there has been considerable interest in
resembling CML7-13 In one recent transgenic model the leukemi&TI 571, a novel agent specifically designed to inhibit the tyrosine
could be reversed by down-regulatiB@ R-ABL* kinase activity of BCR-ABL, and which has shown excellent early
Chronic myeloid leukemia is a biphasic disease with an initiaksults in all phases of the dised&&’ Other inhibitors of BCR-
chronic phase that is readily controlled. However, this is followedBL signal transduction such as farnesyl transferase inhibitors are
by an ill-defined accelerated phase, and then a terminal blastiso showing promise!®1° Allogeneic transplantation is poten-
phase that resembles an acute leukemia, which is usually refractoajly curative but may be associated with considerable morbidity
to therapy. Transformation to blast crisis is accompanied tand mortality, whereas other forms of current treatment are less
secondary cytogenetic changes in about 85% of cadest the dangerous but merely delay the onset of blast crisis. One important
molecular basis for this transformation is poorly understood. §oal therefore remains the identification at diagnosis of those
number of molecular changes have been identified in a minority patients who have a worse prognosis and in whom more intensive
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treatment modalities are justified. Patients with CML show considample was available for analysis in 27 patients. Paired samples, where both
erable clinical heterogeneity in chronic phase and a number ®fdiagnostic sample and an accelerated phase/blast crisis sample were
prognostic scoring systems have been reported, each basecﬁYﬂHab!ev were anz_alyzed in a further 37 patients. Risk catggories were
multiple clinical and laboratory parameters at diagn@&#How- dete‘rmlned as previously descri®&! Data for 55 of these patients have
ever, these are not sufficiently robust to routinely form the basis BrfeV'OUSIY been reported.
individual management decisions.

We and others have recently reported previously unrecogniz

deletions adjacent to the t(9;22) breakpoint on the derivativgip|e-probe/3-color system.This system (Figure 1) was used as
chromosome 922 The deletions were large, spanning up tQescribect® Briefly, it uses 3 probes, each labeled with a separately
several megabases, displayed variable breakpoints, and usugfllyred fluorochrome. These are: (1) ASS probe, a 350-kb cosmid
resulted in genomic loss of sequences from both the chromoson@oﬁi,tig that contains thASSand 8604 Metgenes, both mapping
and chromosome 22 sides of the translocation breakpdintyroximal to the first exon of ABL and labeled with Spectrum Aqua;
However, it was not clear whether the deletions arose durircg)ABL probe (Wsis, Downers Grove, IL), a 300-kb cosmid contig
disease progressiGhas a consequence of genomic instabft§!  that contains the ‘3region of theABL gene (exons 3-11), labeled

or alternatively whether they occurred at the time of the original Rpjt, Spectrum Orange; and (3) BCR probe (Wsis), an approxi-
translocatior?> Moreover, although it was reported that the delemate|y 300-kb contig that begins between exons 13 and 14 of BCR
tions may be associated with a more rapid onset of blast crisis, theq extends well beyond the B&r region, labeled with Spec-
number of patients studied was small and the survival differenggm Green.

complicated by the fact that few patients with deletions had pyal-fluorescent in situ hybridization BCR-ABL detection
received IFNe.?> Here we present several lines of evidence t@ystem. This system (Figure 1) was used according to the
show that the deletions occur at the time of the Ph translocation andnufacturer’s instructions (Qbiogene, Middlesex, United King-
thus result in previously unsuspected genetic heterogeneity fr%m). It uses 2 probes: (1) ABL probe, a 600-kb contig spanning
the onset of the disease. Furthermore, our results suggest tR@tpreakpoint region on ABL labeled with fluorescein isothiocya-
deletion status at diagnosis is a powerful and independent prognggre (FITC) and (2) BCR, a 500-kb contig containing the major and
tic indicator for patients with CML. minor breakpoint regions of BCR labeled with Texas red.

lélaorescent in situ probes and detection systems

Digital imaging and analysis

Patients, materlals, and methods All fluorescent in situ hybridization (FISH) images were captured and

Patient samples and clinical and laboratory data analyzed with a Smart Capture 2 imaging station, (Digital Scientific,
Cambridge, United Kingdom). For each detection system up to 50 images
Fixed cytogenetic preparations from cultured bone marrow samples wejgre captured automatically for each patient. A minimum of 30" Ph
obtained from 253 patients with CML, diagnosed between January 198f:taphase cells were analyzed in 247 patients in which the normal
and March 2000, in the Department of Hematology at Addenbrookeghromosome 9 and 22 displayed appropriate signal patterns. In 6 patients,
Hospital, Cambridge, United Kingdom; the Oncology Cytogenetics Sefewer than 30 Ph metaphase cells were available and results were
vice, Christie Hospital, Manchester, United Kingdom; from patients entere@nfirmed by additional analysis of 200 interphase nuclei. The derivative
into the United Kingdom Medical Research Council (MRC) CML Il trial; chromosome 9 was identified in patients with deletions by the presence of a

and patients diagnosed in the Victorian Cancer Cytogenetics Service,hgterochromatin block on an appropriately sized chromosome by reverse
Vincent's Hospital, Melbourne, Australia. The patients were unselected foinP| (4,6 diamidino-2-phenylindole) banding.

type of therapy and were treated at various centers in the United Kingdom

and Victoria, Australia. Patignts in the .CML'III trial were previouslyStatistical analysis

untreated and were randomized to receive either hydroxyurea oP8IFN.

These patients were unselected for stage of disease. A diagnostic samllealculations were performed with the SPSS statistical package (SPSS,
was available for analysis in 123 patients, a subsequent chronic ph&¥gcago IL). Medians and interquartile ranges were calculated for age and
sample was analyzed in 66 patients, and an accelerated phase blast aisikal and laboratory findings at diagnosis for patients with and without

Deleted

Triple
probe

Figure 1. Analysis of Ph *+ metaphase cells with or
without a deletion of the derivative chromosome 9
using the triple-probe or D-FISH systems.  Each panel
shows a cartoon of the expected hybridization signals
together with a partial metaphase. Using the triple-probe
system (A,B), a blue signal is absent from the derivative
chromosome 9 (der 9) in a cell carrying a deletion of that
chromosome (B). Using the D-FISH system (C,D), note
the absence of the colocalized red/green signal on the
derivative chromosome 9 in a cell carrying a deletion of
that chromosome (D).

D-FISH

9 derd Ph 22
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deletions (Table 1) and tested for any significant differences with ttieom which a forward stepping procedure was used to derive the most
Mann-WhitneyU test (for continuous variables) gf analysis and Fisher significant model. The hazard ratio of deletion status as a univariate analysis
exact tests (for categorical variables). Survival time was calculated fromas then compared to the hazard ratios following adjustment for initial
month of presentation to month of death, with a median follow-up of 34asford and Sokal scores and to the hazard ratio for the most signifi-
months (range, 1-117 months). Patients who died in chronic phase &t model.

reasons unrelated to CML and bone marrow transplant recipients were

censored at the time of death and transplantation, respectively. Survival data

were calculated with the Kaplan-Meier estimator and significance was

assessed with the log-rank test. The analysis was performed both by tRR€SUILS

censoring at the time of transplantation or death due to causes unrelated to

CML and also by excluding these patients from analysis. Patient age, sB@ne marrow samples from 253 patients with CML were studied
platelet count, percentage of peripheral blood blasts, classical or variaging the triple-prob@ and dual-FISH (D-FISH) systeni8Figure
translocation, and initial Hasford and Sokal scores were considerédshows the hybridization patterns expected in “normal* Bélls
potentially confounding prognostic factors. The respediwalues for the and in P cells carrying a deletion of the derivative chromosome
univariate analyses were age  .002), sex P = .44), percentage periph- 9, Deletions were detected in 39 of 253 patients (15%) of whom 30
eral blood blastsR = .001), plateletsR = .1), classical/variant transloca- yemonstrated deletion of both chromosome 9 and 22 sequences.

tion (P =.14), initial Sokal group R = .04), and initial Hasford group pgjetions of only chromosome 9 sequences were detected in 7
(P = .08). Univariate analysis was performed for these variables and those

significant at thé® less than .2 level were included in a multivariate analysig

Table 1. Patient characteristics at diagnosis

Patient characteristics (n = 241)

Patients with
deletions (n = 39)

Patients without
deletions (n = 202)

atients, with deletion of only chromosome 22 sequences detected
In 2 patients. There was complete concordance between the
triple-probe and D-FISH analyses.

Deletions occur at the time of the Ph translocation

Sex(MiF) . 2316 110192 Deletions of the derivative chromosome 9 may reflect genomic
Median age, y (interquartie range) 50(35-59) A7/(37-57) instability during disease progression or may arise at the time of the
No. (%) with splenomegaly 24 (65%) 120 (60%)

Median hemoglobin g/L
(interquartile range)

Median WCC X 109L (interquartile
range)

Median platelet count X 109/L
(interquartile range)

Median peripheral blood blasts as %

100.0 (83.5-120.5)

165.0 (60.4-359.0)

389 (286-655)

114.5 (97.7-129.2)

140 (53.2-234.5)

405 (266-606)

initial Ph translocation. We have investigated this issue in several
ways. First, patients analyzed in different phases of the disease
were found to exhibit virtually identical frequencies of deletions. In
the whole cohort, 15% (39 of 253) of samples carried a deletion. In
samples taken at diagnosis, 14% (22 of 160) carried a deletion
compared to 16% (10 of 64) of samples taken following progres-
sion to accelerated phase or blast crigi3 P = .72). Sequential

of WCC (interquartile range) 10(0-32) 1.0(0-4.0) paired samples were also analyzed, with the second sample taken
Sokal score: number of patients following disease progression. In 34 of 37 patients the initial
Hi::'sesse" » (323/0) o (;j;) chronic phase sample lacked a deletion. In these 34 patients none of
intermediate 10 (27%) 63 (33%) 13_’0_6 PH metaphases obtained after _dlsease progression (30 blast
Low 13 (35%) 63 (33%) crisis, 4 accelerat_ed phase) had acqum_ed a deletion. '
Hasford score: number of patients Second, deletions were observed in 16 of 41 (39%) patients
assessed 32 178 with a variant translocation compared to 25 of 212 (11%) patients
High 7 (22%) 39 (21%) with a classical Ph translocatiog? P < .001). Because variant
Intermediate 15 (48%) 69 (39%) translocations are thought to result from a complex series of
Low 10 (30%) 70 (40%) recombination events;this difference is consistent with a model
Treatment type in which each recombination event has a finite probability of
Interferon-a +/- chemotherapy 15 (39%) 116 (57%) resulting in a deletion adjacent to the breakpoint.
:(r)ilecr:j:]rztwh?rr::i/pIantation ii gigﬁ; 2; gizg Third, if deletions occurred during disease progression it should
Karyotype be p(_)ssmle to identify cells carrying the Ph translocation but no
Classical Ph 23 (599%) 177 (88%) deletion. We therefore analyzed a tqtal of 1524 metaphases from
Variant Ph 16 (41%) 25 (12%) the 39 patients shown to carry a deletion. In every metaphase both a
Phase of disease at diagnosis (%) Ph translocation and a deletion were demonstrated.
Chronic phase 37 (95%) 191 (94.5%) Taken together these data demonstrate that the recombination
Accelerated phase 1 (2.5%) 6 (2.9%) event producing an apparently reciprocal translocation also results
Blast crisis 1(2.5%) 5 (2.6%) in large genomic deletions. This process gives rise to previously
Patients alive (%) 6 (16%) 84 (41%) unsuspected genetic heterogeneity and is likely to be widely
Censored* 13 (33%) 68 (34%) applicable to other malignancies associated with translocations.
Dead 20 (51%) 50 (25%)

Treatment and survival data were available for 241 of 253 patients. Information
sufficient to perform Sokal and Hasford scores was available in 230 and 210 patients,
respectively. Some patients received oral chemotherapy (hydroxyurea or busulphan)
and IFN-a prior to bone marrow transplantation and so the sum of the patients in the

treatment section is greater than 100%.

WCC indicates white cell count.

*For patients with deletions, 13 patients were censored, 12 of whom were alive
and received a bone marrow transplant; 1 patient died from a cause unrelated to
CML. For patients without deletions, 68 patients were censored, of whom 63 were
alive and received a bone marrow transplant and 5 died from causes unrelated

to CML.

Deletion status is a powerful prognostic indicator in CML

Survival data were available from 241 patients (39 with and 202
without a deletion). The clinical and laboratory characteristics of
patients with and without deletions are shown in Table 1 and are
similar for both. However, Kaplan-Meier analysis revealed a
striking difference in survival (Figure 2). The estimated median
survival time for patients with deletions was 38 months (95% CI
[confidence interval], 36.5-39.4) compared to 88 months (95% ClI,
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Figure 2. Kaplan-Meier analysis showing prognostic significance of deletion
status, Sokal score, and Hasford score.  Non-high-risk refers to the combined low-
and intermediate-risk groups in the Sokal or Hasford scoring systems. Calculations
were performed using data for 210 patients and the significance of survival
differences assessed by log-rank analysis. Patients who underwent stem cell
transplantation and patients who died of causes unrelated to CML were censored at
the time of the procedure.

64-111) for patients without deletions, with a similar mediarh'

follow-up time for each group (31 versus 34 months, respectively). . i . X
P group ( P ﬁlasford low-, intermediate-, and high-risk groups. There were 11

This difference in survival time was highly significant by log-ran
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deletion status following correction for initial blast count and age,
the only 2 variables to provide additional prognostic value in the
multivariate model constructed. The hazard ratios are all very
similar, ranging from 3.0 to 3.2, indicating the independence of
deletion status as a prognostic factor.

Multivariate analysis using a forward stepping model showed
the prognostic importance of deletion status remained after adjust-
ing for age, sex, percentage of peripheral blood blasts, platelet
count, and initial Sokal and Hasford scores (Table 2). Two
potentially confounding variables were further investigated. First,
fewer patients with a deletion had received treatment with ¢FN-
(Table 1). However, this does not account for the observed survival
differences because analysis of the subgroup of 131 patients who
had received IFNx also demonstrated markedly worse survival of
the patients with a deletion compared to those without a deletion
(estimated median survival 38 versus 66 months, log-rank,
P = .0016). Second, a variant Ph chromosome was more frequent
in patients with a deletion and, although controversial, some
previous studies have suggested that such patients have a worse
prognosis’?33 However this does not account for the survival
difference reported here because there was no significant survival
difference between patients with classical or variant Ph transloca-
tions (median survival 76 months versus 60 months, log-rank
P = .15). Moreover, analysis of the subgroup of 200 patients with
classical Ph translocations revealed a worse survival for patients
with a deletion compared to those without a deletion (median
survival 38 versus 81 months, log-raRk= .002).

The prognostic strength of deletion status, Sokal score, and
Hasford score were then compared in 210 patients for whom all the
necessary clinical information was available. As shown in Table 3
and Figure 2, Sokal and Hasford high-risk groups had estimated
median survivals of 56 and 55 months, respectively, compared to
37 months for patients with deletions. Moreover, in contrast to the
striking prognostic significance of deletion stat®s=< .0001), the
survival difference between high-risk and non—high-risk (low plus
intermediate risk) patients using either the Sokal or Hasford
scoring systems was only of borderline significaree=(.058 and
P = .034, respectively). Because the Hasford score was developed
specifically for patients treated with IFN- we also compared
deletion status and Hasford score in the subgroup of 119 patients
who had received IFNe. Again there was a striking difference
between the prognostic significance of deletion status and
Hasford scoreR = .008 for deletion status versis= .028 for
Hasford score).

Deletion status identified a smaller proportion of patients as
being high risk (15%) compared to the Sokal or Hasford scoring
systems (37% and 22%, respectively; Table 3). However, patients
with deletions were not merely a subset of the Sokal and Hasford
igh-risk groups because, within this cohort of 210 patients, similar
umbers of patients with deletions were found in Sokal and

analysis P = .0001; Figure 2). Exclusion of patients who received
an alIOQeneiC stem cell transplantfn?S) or were censored due to Table 2. Comparison of hazard ratios for deletion status following adjustment
death unrelated to CML (& 6) resulted in an increase in the levetfor other potential prognostic factors

of significance (log-rankP < .0001). This survival difference Adjustment Hazard ratio (95% Cl)
remained highly significant when the 55 previously reported Deletion status alone 3.2 (1.7-5.0)
patients were excluded from the analysis (estimated median  ajsignificant variables* 3.0 (1.7-5.5)
survival 81 months for patients without deletions versus 53 months Initial Sokal score 3.0 (1.6-4.9)
for patients with deletions? = .007). Hazard ratios for patients Initial Hasford score 3.0 (1.4-4.8)

with deletions compared to those without are shown in Table

2.
*Hazard ratio was derived from the forward stepping procedure following

These were (_:alculate_d_f_or deletion status alone, for deletion Sta&wﬁection for the initial age and percentage peripheral blood blasts (the only two
after correction for initial Hasford and Sokal scores, and fafriablesto provide additional prognostic value in the multivariate model constructed).
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Table 3. Comparison of prognostic significance of deletion status, Sokal score, and Hasford score

Non-high-risk High-risk
Percent of Median survival Percent of Median survival Survival
Prognostic factor patients (95% ClI) patients (95% CI) difference
Deletion status 85 81 (51-110) 15 37 (25-49) P = .0001
Sokal 63 72 (51-93) 37 56 (40-72) P = .058
Hasford 78 76 (49-103) 22 55 (34-76) P =.034

Analysis was performed using data from 210 patients. Median survivals are shown in months with 95% CI. Survival differences were assessed by log-rank analysis.
Non-high-risk refers to patients lacking a deletion or, in the Sokal and Hasford systems, the combined low- and intermediate-risk groups. High-risk refers to patients with a
deletion or to the Sokal and Hasford high-risk groups.

of 78 (14%), 9 of 67 (13%), and 12 of 65 (18%) patientsaged more than 30 years should receive a trial of tFfé+ up to 2
respectively, in the Sokal low-, intermediate-, and high-risk group®ars prior to consideration of allogeneic transplantaticf.
and 10 of 80 (13%), 15 of 84 (18%), and 7 of 46 (15%) patients iHowever, our data demonstrate that approximately one third of
the 3 respective Hasford risk groups. These results agree well witiitients carrying a deletion fall into the Sokal or Hasford low-risk
our findings that the hazard ratios associated with deletion statategories. It will therefore be essential to consider deletion status
remain virtually unchanged following adjustment for Sokal owhen weighing the risks associated with different treatment
Hasford score, implying independence of deletion status asnedalities. Because the presence of a deletion is likely to influence
prognostic factor (Table 2 and above). Consistent with this concefite outcome of treatment with new agents such as STI 571 or
the Sokal and Hasford scoring systems retain prognostic signfirnesyl transferase inhibitors, it will also be necessary to consider
cance if analysis is restricted to patients without a deletion (Sokidletion status when analyzing future clinical trials of both
high-risk versus non-high-risR = .03; Hasford high-risk versus conventional and novel therapies.
non-high-riskP = .04). The striking prognostic power of deletion  Our data also provide an explanation for conflicting previous
status relative to the Sokal and Hasford systems is likely to refleeiports of the prognostic significance of variant Ph transloca-
the fact that deletion status directly detects a molecular event withians 32:33.39.40pPatients with a variant Ph translocation have a more
critical role in the progression of CML. than 3-fold increase in the frequency of deletions, although patients
with a deletion still represent a minority (39%) of patients with a
variant Ph translocation. Differences in the proportion of patients
Discussion carrying a deletion are therefore likely to account for previous
controversy concerning the prognostic significance of variant
Patients with CML display considerable clinical heterogeneityompared to classical Ph translocations.
during the chronic phase of the disease, with some individuals What might be the molecular mechanism whereby deletions
progressing rapidly to blast crisis and death, whereas others remadmfer such a poor prognosis? Several models can be envisaged.
well controlled for many years. The molecular basis for thifirst, deletions will result in loss of the reciprocal fusion gene,
variability remains obscure. Here we demonstrate that the RBL-BCR However, current evidence suggests that this is unlikely
translocation event itself can give rise to considerable genetix be the critical event because no ABL-BCR protein has been
heterogeneity in the form of large deletions of sequences on ttetected! and ABL-BCR expression does not correlate with
derivative chromosome 9. These results show that the pathogenptiognosis as assessed by cytogenetic respg8i8eond, a deletion
consequences of an apparently “simple” translocation may fren the derivative chromosome 9 may act as a surrogate marker for
guently be more complex than previously realized, a concept thasisaller intronic deletions on the Ph chromosome, which may
likely to apply to other malignancies with chromosomalnfluence the level 0BCR-ABLexpression. Blast crisis is some-

translocations. times associated with the acquisition of an additional Ph chromo-
It has previously been suggested that deletions of the derivatiseme suggesting thBICR-ABLdosage may be important.
chromosome 9 may be associated with a worse suréivdbw- A third potential mechanism would involve the loss of one or

ever, the number of patients studied was small (55 in total and omtyore genes within the deleted region. Such loss may be sufficient
16 of whom had deletions). There was also a much high&y produce a neoplastic effect (haploinsufficiency) or may require
proportion of variant Ph translocations (21 of 55, 38%) within thisubsequent inactivation of the corresponding normal allefé(s).
cohort than occur randomly. Moreover, the significance of thEhe deletions are large, extending up to 5.5 Mb on the chromosome
survival difference was complicated by the fact that few patients side of the translocation breakpoint and up to 17 Mb on the
with deletions had received IFN-treatment. Here we provide chromosome 22 side of the breakpoint (Sinclair €tahd B.J.P.H.,
definitive evidence in a large cohort of patients that deletion statuspublished data, April, 2001). Both of these regions are gene rich.
is a powerful prognostic indicator for patients with CML. OurThe chromosome 9 region contains 44 known genes and another 40
results suggest that the prognostic significance of deletion statupiiedicted genes and the chromosome 22 region contains 138
much more potent than the widely used Sokal and Hasford scorikigown genes and a further 91 predicted genes based on genome
systems. This observation has several important clinical consequence analyst$é The chromosome 22 region contains 3 known
quences. Allogeneic stem cell transplantation is potentially curatmor suppressor genes, the chromatin remodeling H&NF5/

tive, but the procedure is associated with significant morbidity ad11,%5the neurofibromatosis type 2 geN&2,6andMN1/MGCR1-
mortality, especially in older patients or those with unrelateBEN, a putative tumor suppressor gene associated with sporadic
donors34 By contrast IFNe;, with or without cytosine arabinoside, meningioma and rearranged in a myeloproliferative disorder with
is much less dangerous and is effective at controlling chronig12;22)4” Both the chromosome 9 and chromosome 22 regions
phase, but most patients still progress to blast c#fsi33¢As a contain a number of other genes encoding transcription factors/
result it has been suggested that Sokal or Hasford low-risk patientfactors PBX348 LMX1B“9), components of signal transduction
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pathways (the serine/threonine phosphafB2A>° Ras inhibitor sis?>%6 but these data do not exclude more subtle levels of
INF,5 lim domain protein kinas&IM-K2,52 GM-CSF/IL-3/IL-5 genetic instability. It is also worth emphasizing that further
receptor common chai3®3), or cell cycle control proteins layers of complexity may exist because the 4 mechanisms
(CDK®4). Subset analysis of a large seriesliscussed above are not mutually exclusive.
of deletions of varying sizes will be necessary to identify a
critical deleted region and thus prioritize candidate genes for
further analysis.

Finally, deletions may represent a consequence of genem;;knowledgments
instability within the target cell at the time of the Ph transloca-
tion. In this case the poor prognosis would reflect a predisposiMe are grateful to Eleanor Pinto, Toby Prevost, and Sue Richards
tion to subsequent additional genetic alterations within tHer statistical advice and to the Adult Leukemia Working Party of
malignant clone. Patients with chronic phase CML do ndhe Medical Research Council of the United Kingdom for provid-
exhibit genomic instability as assessed by microsatellite analipg 48 patients for the study.
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