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Review of Clinical, Cytogenetic, and Molecular
Aspects of Ph-Negative CML

D. C. van der Plas, G. Grosveld, and A. Hagemeijer

ABSTRACT: Between 1985 and 1989, many cases of Philadelphia (Ph) chromosnome negative chronic
myelogenous leukemia {CML) were reported. For this review, the following selection criteria
weie used: the original eriicles on Ph-negative cases should provide clinical, hematologic,
cvtogenetic as well as molecular data. in addition. eight unpublished cases of Ph-negative CML
are included that were studied in our institute during the last two yvears. Our purpose was to
correlate presence ar ahsence of the Ph rearrangement with the clinical features in an attempt
to test whether the entity “Ph-negative CML" really exists and to identify the pathologic charac-
teristics, frequency of vccurrence, prognosis for survival, and wnderlying molecular mecha-
nisms. Data an Ph-negative CMLL patients were compared with data on Ph-positive CML, atypical
CML (aCML), and chronic myelamonoevtic leukemia (CMMoL), reported in the sume papers as
the Ph negative patients. Essential for comparison of data from the different invesligalors
appeared to be a clear description of criterin thev used to establish the diagnosis CML, or
alternatively a camplete presentation of data for all patients reported in the articles. In most
cuses. Ph-negative CML wus distinguishable from CMMoL and aCML, using stinple criteria, e.g.,
differential count of peripheral blood and absence of dysplasia in the bone marrow. Cvlogenetic
analysis showed normal karvotype in most cases of Ph-negative CML. Interestingly, in cases
will ubnormal karvolype, chromosuie 9 band g34 was relatively frequentlv involved intranslo-
cations with other chromaosomes than chromosome 22, sugpesting a variant Ph translocation
not visible by cytogenetic technigues. This ussumption was confirmed by molecular analysis,
demonstrating her—abl rearrangement in 8 cut of 10 of the lalter cuses. Resulls of cvlogenetic
and molecular investigations in 136 cases of Ph-negative CML reviewed in this article clearly
indicated that molecular techniques are valuable tools for identification of ber—abl rearrange-
menls. indicative for the Ph trunslocation, The different mechanisms responsible for bor—ab!
rearrangement in Ph-negative CML. patients are discussed. The question remains whether all
Ph-negative GML patients will have ber -abl rearrangements, orwhether alternative mechanisms
will be identified that are responsible for this disease.

INTRODUCTION

Chronic myelogenous leukemia (CML) is a hematopoietic malignancy arising from
neoplastic transformation of the pluripotent bone marrow stem cell. Standard findings
at presentation are leukocytosis, increased granulopoiesis, sometimes increased
thrombopoiesis, presence of immature granulocytic progenitors in peripheral blood,
basophilia and/or ecsinophilia, decreased leukocyte alkaline phosphatase (LAP), and
hepatasplenomegaly. The course of the disease is biphasic. During the chronic phase,
with a median duration of 1-4 vears, the response to chemotherapy is usually good;
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Table 1 Phenotypes of 200 males in the registrv of X-linked lvmphoproliferative

disease
Phenotype n (%)
Fatal infections manonncleosis 101 (531%)
Hypogammaglobulinemia 61 1319%)
Post-EBV 19 (19729 + 66'%)
Pre-EBV 10 (10:28 — 34%,)
Malignant Lymphoma 52 [269%)
Hyperimmunoglobulinemia M 12 (6% )"
Marrow hvpoplasia 10 [5%)
RFLP 1, EBV negative 9 (3%)"
Lymphoid vasculitus 2 (1%)

Abbrevialions: EBY, Epslein-Bare virus; RELP, restriction fragment length polymorphism.
*Nol directly associated with infectious mononucleosis,

" Six of these patients are hypogammaglobulinemic. but asymptomatic,

ciency, such as the early illness or death of males due to IM or ML are obtained from
responses of families to medical- and family-history questionnaires. Files for each of
the affected males and family members are maintained confidentially in the registry
by kindred number. Each person is assigned a unique identification number. This
information and laboratory data are stored in an [BM System/370 4381 computer
(International Business Machines, Boca Raton, FL) which is accessed through several
IBM and Apple (Apple Computers, Cupertineo, CA] personal computers. Data are
stored and evaluated using the Statistical Analvsis System (Cary. NC) [10}.

Diagnosis of XLP

Each patient is assessed [or the diagnostic criteria of XLP: One or more of the phenc-
tvpes (Table 1) has to occur in two or more maternally related males [2-4]. A morpho-
logical evaluation is made of slides of peripheral blood smears, surgical biopsy speci-
mens, bone marrow, and tissues obtained at autopsy.To document the involvement
of EBV, we perform a battery of tests depending on the availability of samples.
Antibody titers of [gM, IgG, and IgA isotypes against viral capsid antigen (VCA) [11,
12], early antigen [EA) [13]), and EBNA [14] are measured. We also have measured
anti-EBNA titers by enzyme-linked immunosorbent assay (ELISA), using a synthetic
EBNA peptide [15]. We stain available tissue imprints for EBNA [14] and probe for
EBV genome using Southern blots hybridized with a cocktail of EBY DNA probes
(cosmid clones 301-99 and 302-23, provided by Beverly Griffin) in DNA extracted
from cryopreserved tissues obtained at autopsy or from surgical biopsy specimens
[16]. We have also performed immunoblotting studies to search for EBV-encoded
proteins in extracts of tissues from 15 male patients who died of IM [17]. Use of in
situ hybridization techniques specific for EBV [18] permits us to identify EBV genome
inarchival tissues, and use of the polymerase chain reaction [19, 20] enables detection
of low levels of EBV in blood [21].

Immunoglobulin levels are quantitated in plasma by radial immunodiffusion (R1D)
(Kallsted, Austin, TX) or in serum by nephelometry {Beckman ICS, Brea, CA). Scrum
IgG subclasses are measured by RID (ICN Immunobiologicals, Lysle, IL or The Binding
Site, Birmingham, England). Reference ranges for immunoglobulin levels were estab-
lished from measurements made on serum from healthy Nebraskans being evaluated
for cholesterol levels (provided by our colleague, Bruce McManus, M.D., Ph.D.) and
from laburatory controls.
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Figure 1 Map shows locations of 32 families with XLP in the United Slates. Numbers refer
to kindred numbers.

Alter initial evaluation of the patient, we obtain blood from pertinent lamily
members. We measure antibody titers ta EBV to seek EBV-negative males at risk for
XLP. In addition, we measure antibody responses to EBV in women at risk of being
carriers because mothers of XLP patients often have elevated antibody titers to the
virus [22]. We have also continued to pursue karvotyping of affected males and
carriers in search of chromosomal abnormalities that might occur at the XLP locus
|23]. Genetic analysis using DNA probes showing restriction fragment length polvmor-
phisms to loci in the X chromaosome (including DXS42, DXS37, and DXS12, which
have heen linked to the XLP locus) is performed as described previously {24—26).
When RFLP analysis is not informative, males at risk are challenged intravenaously
with bacteriophage #X174 because males with XLP do not switch from IgM to 1zG
antibody production on secondary challenge with X174 |27, 23].

RESULTS

Two hundred forty males with XLP within 59 unrelated kindreds had been referred
to the International XLP Registry by December 1989, Among the 222 males whose
fate is known, 181 (82%) have died and 41 (18%) are living. Figures 1 and 2 show the
geographical locations of the familics. Noteworthy is the frequent recognition of XLP
in the United States, Canada, the United Kingdom, Europe, and the Mideast, and the
lack of cases referred from Central and South America, Africa, the nations of the
Warsaw Pact, and the highly populated countries of Asia, including China, India,
Indonesia, and Japan.
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CML. atypical CML (aCML), and CMMol.. Not all hematologists are in agreement with
these rather strict propasals, but they reflect on it and describe their own discriminat-
ing features for establishing the diagnosis of CML. The crileria for CML followed by
the different investigators are summarized in Table 2.

Generally, there is consensus on the most essential features, i.c., leucocytosis,
basophilia, hepatosplenomegaly, absence ol absolute monocytosis, and absence of
MDS or ANLL characteristics. As a consequence, the percentage of cases of Ph negative
CML has been reduced from 10%—15% [2—4] to less than 5%, mainly by elimination
of cases fulfilling the presently established criteria for CMMoL, jJCML, MDS, and
ANLL. Discrimination between Ph-positive and Ph-negative CML is not possible using
clinical or hematalogic characteristics only. The remaining group of patients with Ph-
negative CML still appears heterogeneous and comprises cases that are clinically and
hematologically indistinguishable from Ph-positive CML, including long survival and
good therapeutic response. Other cases are atypical but resemble CML more than
other well defined hematologic disorders. These are designed as aCML [30, 311,

Cytogenetic Findings in Ph Negative CML

In 127 patients, cytogenetic studies were performed at diagnosis or during the chronic
phase of CML, In 9 other patients analysis was performed after blastic transformation.
During chronic phase, the karyotype was found Lo be normal in 48 patients (Table 3]
abnormal in 15 cases (Table 4); and Ph-negative, not specifying other chromosomal
abnormalities, in 64 cases (Table 5). Among the 15 abnormal karyotypes, 10 showed
a translocation involving chromosome 9 band q34, which is the chromosomal site
involved in the Ph translocation (Table 4A). This is highly suggestive for a variant Ph
translocation, in which the microscopic aspect of chromasome 22 is not visibly
altered. Molecular studies confirmed this assumption, as discussed later. The rest of
this group of chronic-phase CML patients with cytogenetically abnormal karyotype
showed random clonal abnormalities (Table 4B). In a few patients, other translocations
are detected, usually associated with subtypes of ANLL such as t(8:21). described by
Wiedemann et al. [31], in a patient with atypical CML (Table 4D).

Three out of nine cases in blast crisis showed cytogenetic abnormalities (Table
4C). Remarkably, trisomy 8 and i(17q) were found in the latter cases [32]. These
abnormalities are identical to the ones associated with blastic transformation of Ph-
positive CML. The resemblance between Ph-negative and Ph-positive CML is also
expressed in the clonal and multipotent stem cell origin of both Ph-positive and Ph-
negative CML [33] and in the occurrence of lvmphaoid, myeloid, mixed and undifferen-
tiated blast crisis of Ph-negative and Ph-positive CML, |34, 35].

Molecular Investigations in Ph-Negative CML

‘The purposc of molecular investigations in Ph-negative CML is fo identify the patients
with her—abl rearrongement on DNA, RNA, or protein level. Comparison of cytoge-
netic, molecular, and clinical data between Ph-negative CMI, patients with or without
her rearrangement and Ph-positive CML patients is important to determine the func-
tional meaning of the Ph chromosome ilsell. Therefore, the strategy followed by all
investigators was to screen Ph-negative CML cases for:

1. The presence of BCR breakpoint using Southern blot analysis.

2. Localization of c-ubl, ber, and c-sis oncogenes on the chromosomes applyiog in
situ hybridizalion techniques.

3. Expression of her—abl mRNA using Northern blot, RNAse protection assay, or
polymerase chain reaction (PCR} techniques. Both the RNAse protection assay and
PCR technique give the opportunity to identify which BCR exon is fused to ubl. Tn
CMI. patients with t(9:22), usually BCR exon 2 (b2) or BCR exon 3 {L3) is fused to
abl exon 2 {a2). resulting in b2a2 or b3a2 ber—ebl fusion region [36].
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Table 3 Molecular data on CML patients with normal karvotype of leukemic cells

No. of BCR P210 In situ
cases breakpoint ber-abl mRNA ber-abt hybridization Reference
A. Patients with CML (n — 48)
1 ND c-sis on 22 Rarlram et al,
11984] [62]
1 - c-ahl on Yq34 Bartram et al.
(1985) |47]
1 - Kurzrock et al.
(1986) |44]
2 ND Kurzrack et al.
(1986) |44]
1 Bartram et al.
{1986) [58]
6 Bartram ct al.
(1986) |58]
1 c-ab! on 9q/22q Morris et al.
{(,:-sis. 3'bher on 22 (1986) [46] and
Fitzgerald el al.
{1987) |39]
1 ND Morris et al.
(1986) [46] and
Fitzgerald et al.
(1987) [59]
1 K ND ND Ganesan et al.
{1986) [42] and
Dreazen et al.
(1987) [41)

1 Foohyes 1 byda) ¢-abl on 9/22 Ganesan et al.
ber on 2211 (1986) |42| and
c-sis an 22 Dreazen et al.

(1987] [41]
1 +, (ba,) v-ahl, ber on 22q11 Dreazen et al,
(1987) [41]
1 ND c-abl. ber on 22q11 Dreazen et al.
(14987) [41]
1 Ohyashiki et al.
(1988) [61]
2 Weinstein et al.
(1988) [63]
1 Eisenberg et al.
(1988) [64]
7¢ +(4/4) Wiedemann et al.
(1988) |31]
4¢ - Wiedemann et al,
(1988) [31]
q Bartram et al.
(1988 {32]
1 LoCoco et al.
{1989) [65]
1 +, (bja,) 5'ber, c-abl on 1p Van der Plas et al.
{B'bcr on 9 {1989) [45]
c-sis on 22
1 +, (bya,) 5'ber, ¢c-abl on 1p Van der Plas et al.
{J’br‘,r, r-sis on 22 (1989) [45]
1 +, (bya,) Van der Plas et al.

{this report})
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Table 3 [Continued)
No. of BCR P210 In situ
vases hreakpoint bur-abl mRNA ber-abl hybridization Reference
7 - - (5/3) Van der Plas et al.

{this report)

B. Patients with CML BC {n = 6)

1 Bartram et al.
(1986) [58]

4 - Maxwell et al.
(1987) [34]

1 + Ohyashiki et al.
(1988) [61]

C. Patients with atypical CML (n — 16)

1 + Ganesan et al.
(1986) [42]

1 + Ganesan et al.
(1986) [42

2 + + (b,a,) Dreazen et al.
(1987} [41]

2 Ohyashiki et al.
(1988) |61]

4 - —, {2/4)" Wiedemann et al.
11988) [31]

6 - Cogswell et al.

(1989} |55]

Abbreviation: NI, not daone.

"Fxtra bands in one restriction enzyme digest,

“Number of cases ohserved/number af cases investigated.

“CML diagnosis could not be verified.

4. Detection of 210 kI3 her—ab! protein (P210), e.g., by means of aulophosphorylation
4854ays.

The results of these molecular investigations are presented in detail in Tables 3-6
together with the corresponding cytogenetic data. (An overview of these dala for CML
patients is provided in Table 7.)

In summary, we can make the following points:

1) Fifty-eight out of 136 Ph-negative CML palients (including the cases in which
CML diagnosis could not be verified [31]) showed evidence of BCR rearrangement,
ber—ab! mRNA expression, or the presence of a 210 kD ber—abl protein.

2) Southern blat analysis detected a BCR breakpeint in 9 out of 10 Ph-negative
CML patients with c¢ytogenetic abnormalities involving chromosome 9 band 34,
indicative for variant Ph translocation. Only one patient showed involvement of
chromosome 9 band 34 withaut BCR rearrangement, although clinical and hemato-
logic data were in favor of CML diagnosis [37]. However, it should be noticed that
molecular data are scarce in this article: No details are mentioned about number of
restriction enzyme digestions or probes used. Therefore, it cannot be ruled out that
this patient also has a BCR rearrangement that was not detected in this study, When
really no BCR breakpoint can be found using Southern blot analysis, it is worthwhile
to search [ur a breakpoint more 5 in the BCR gene, e g., using PCR technique on cDNA
or pulse field gel electrophoresis (PFGE) on DNA. This case is possibly comparable
with Ph-positive, BCR-negative cases that are described by Selleri et al. |38, 39] and
had a breakpoint in the first intron of the BCR gene or with the Ph-positive BCR-
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Table 4 Cytogenetic and molecular data on patients with abnormal karyotype

of leukemic cells

No. of BCH her—abl  P210
cases Karyalype breakpoint  mRNA her—abl Reference
A. CML patients with translocations involving 9g34 {n = 10)
1 1(9:12)(g34;q21)" + Bartram et al. {1985) 143]
1 1(9;11){q34:913) b + + Kurzrock et al. (148b]) [44]
1 t(8:9)(*:q34) + Bartram ct al. (1988) [32]
1 1(9;18)(g34;7) + Bartram et al. (1988) {32]
1 t(9:12)(q34:q13) i Weinstein et al. (1988) [63]
and Elsenberg ct al.
(1988) [64]
1 t(9:11)(q34:q11) + Weinstein et al. (1988) |63]
and Eisenberg ct al.
(1988] [64]
1 t(8;9)(q22;q34) + Weinstein et al. (1988) [63)
1 t{2;9(%,q34) + Wiedemann et al. {1988)
[31]
1 t3:7)(q21:q32), b Wang ot al. (1988) [37)
1{4:9}(q21;q34).del(8)(q22)
1 t(9;9)(p13:q34) - Sessarego et al. (1989) [67]
B. CML patients with translocations not involving 9q34 {n = 5)
1 t{20521)(g11;922) - Weinstein el al. {1988) [63]
1d N/t(5;6) - ND Wiedemann et al. {1988)
[31]
1d t(:3;5) — ND Wiedemann et al. {1988)
[31]
1d t{9;15)(q22:922),1{11;20) - - Wiedemann et al. {1988)
131}

1 t(11:22}(q23:q13).del 7q. - -
del(13)
C. CML patients in BC with abnormal karyotype, 9934 not involved (n
1 46,XY/47 XY, +8 -
1 46,XY/46.XY,i(17q) -
1 46, XX, H7p g 13y - 13y — ). ND +
D. Atypical CML patients with abnormal karyotvpe (i = 4)
1 del(16)(q22) +
1 7q— .
1 1(#;21) -
1 47,XY,.+8 -

Wiedemann et al. (1988)
[31]

3)

Bartram et al. (1986) [34]
Bartram et al. (1986) 58]
Andrews et al. {1987) |65]

CGanesan et al. {1986) [42]
and Dreazen et al. [1987)
[41]

Ohyashiki et al. (1988) [61]

Wiedemann et al. (1984)
[31]

Cogswell et al. (1989) |55]

Abbreviation: ND, not done.

“Results inv situ hybridization studies: c-abl on 12q~. 5'-becr on 12q~, 3’-bcr on 9g +, c-sis on 22.

"No detailed malacular data presented in this arficle.
“Extra bands in one restriction enzyme digest only.
#CML patient in which diagnosis could not be verified.

? Localization of breakpoint not mentioned.
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Table 5 Molecular data on patients with no ahnormalities of chromosome 22 in leukemic
cells (karyatype not further specified)

No. of cases BCR breakpoint ber—ab! mRNA P210 hcr—abl Reference
A. CML paticnts (n = 64)
5 + Shepherd et al. (1987) |30]
2 - Shepherd et al. (1487) |30]
4 - Eisenberg et al. (1988} [64]
11 + 5/5~ Kantarjian et al. (1988) [60]
12 - Kantarjian et al. (1988) |60]
1° - - Wiedemann el al. (1988) [41]
27 - Bartram et al. (1988) [32]
1 + LoCoco et al. (1989) [65]
B. Atypical CML patients (n — 5)
4 Shepherd ¢t al. (1987) ]30]
1 — Wiedemann et al. {1988) [31]

“CML patient in which diagnosis could not be verified [31].

negative CML patient described by Bartram et al. {40], which had a breakpoint in the
ber gene located 5 of the BCR region but 37 of the region described by Selleri et al.
(38, 39]

3) In 20 out of 25 cases of aCML, no BCR breakpoint was detected. The five
exceptions with a BCR breakpoint were all reported by the same research group [41,
42]. It would be interesting to reexamine the differential count and other clinical data
to check if these patients really belong to the group of aCML or resemble more CML.
To the best of our knowledge, no CMMoL or juvenile CML cases are published in
which a BCR rearrangement was identified. In conclusion, her—abl rearrangement is
strongly associaled with the morphologic features of CML, although few exceptions
still exist.

4) The percentage of Ph-negative CML patients with BCR rearrangemenl versus no
BCH rearrangement varied between the different authors, e.g., Bartram et al. [32, 58]
reported 3 out of 12 cases BGR-positive; Ganesan et al. [42] and Dreazen et al. 1411, 5
out of 5; Fitzgerald and Morris |46, 59], 2 out of 2; Wiedemann et al. [31], 8 out of 8
(5 out of 9 among the cases that were nol morphologically reexamined); Kanlarjian et
al. [60], 11 out of 23; and our group, 5 out of 12 [45, this report]. In our opinion, there
arc two main rcasons responsible for these differences. First, the different authors
used clinical, hematologic and morpholegic criteria that are not exactly the same,
resulting in differences in diagnosis. Second, some authors {41, 42| diagnosed BCR
breakpoints on extra bands in only one out of several different restriclion enzyme

Table 8 Molecular dala on CMMoL patients

schn ber ab! P210 In situ
No. of cases breakpoint mRNA ber—abl hybridization Reference

A. Normal karvolype (n = 3)
2 — Morris et al. (1986) |46]
1 NI c-uhl on 9q Fitzgerald et al. (1987) [59]

B. Ph negative, karyotype not further specified (n = 18)
1 - Shepherd ot al. (1987) [30}
17 - Kantarjian et al. (1988) [60]

Abhbreviation: ND, not done.
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digests. In such cases, the ocourrence of a restriction enzyme polymorphism isa more
likely cause for the aberrant fragment than the presence of a BCR breakpoint. In such
cases. additional analysis, e.g., at the protein or RNA level, is required to prove
ber—abl rearrangement.

5) Molecular data presented in Tabies 3-5 indicate that several mechanisms can
play a role in Ph-negative CML. A summary follows.

Ber—abl recombination takes place in the same way as in Ph-positive CML but is
cytogenelically nol visible. Examples of complex Ph translocations in Ph-negative
CML are provided by Bartram et al. |43], Kurzrock et al. [44] and our data [45]. In silu
hvbridization studics of Ph-negative CML patients reported by Bartram et al. [43] and
our own group [45] provided evidence that 5'-ber and c-abl were localized on the
same chromosomal segment. However, in these special cases, the hybrid her—abl gene
was present on a third chromosome instead of on the Ph chromosome. In these cases,
the localization of the hybrid her—ab! gene indicated that complex Ph transiocatinns
had occurred, although the aspect of chromosome 22 was visibly unaltered.

Insertion of part of the abl gene in the ber gene without reciprocal translocation to
chromosome 9 has been described by Morris et al. [46] and Dreazen et al. [41].

Rased an investigations in a Ph-negative CML patient in which BCR was rearranged
without juxlapusilion of c-abl. Bartram [47] propesed the hypothesis thal her or abl
can work in combination with vet another oncogene, Thus far, there is no further
evidence for this hvpothesis.

Several other possibilities remain open [or discussion in Ph-negative. BOR-negative
cases indistinguishable from Ph-positive CML on clinical and hematotogic as well as
morphologic criteria. Three hypothetic mechanisms could explain these phenomena:

1) The breakpoint might be located outside the BCR, but within the BCR gene as
described by Selleri el ul. [38, 39| and Bartram et al. [40] in Ph-positive CML cases.
Both authors reported breakpoint localizations more ' in the BGR gene.

2) Abl possibly couperales with an as vet unknown oncogene.

3) Neither ber nor abl are responsible for the disease in exceptional cases, but other
oncogenes might be. Thus far, the few data available on this subjecl do not identify
candidate genes for this latter hvpothesis [48 54). Recently, Cogswell et al. [55]
reported that using the polymerase chain reaction very few ras mutations were detect-
able in CML. i.e., in 1 oul of 18 Ph-positive CML patients in blast crisis and in 0 out
of 39 Ph-positive CML cases in chronic phase. However, in Ph-negative, BCR-negative
alvpical CML [(aCML). thev |55] demunstrated the presence of ras mutations in 549%
{i.e.. 7/13) of the cases. This high lrequency of ros mtations is comparable with
restlts obtained by Padua et al. [536] in CMMoL patients. CMMoL and aGML also share
several clinical and hematoiogic features. The authors therefore conclude that aGML
is a subgroup of CMMol. and that hoth diseases belong to MDS rather than CML.

CONCLUSION

Caorrect diagnosis of CMIL is essential when efforts are made to correlate clinical
features with molecular changes in Ph-negative CM1.. The data reviewed in this acticle
donot identifv any clinical or hematologic characteristic that is unicque for Ph-negative
CMI.. We expected that in nearly all Ph-negative CMI. patients. indistinguishable
from Ph-positive CMI. on clinical and hematologic grounds, ber—abl rearrangement
will be detected using molecular analysis. The data on Ph-negative CMT. reviewed in
this article show the presence of ber—abl rearrangement in 43% of the cases (Table
7). Although ne evidence was found for ber—abl rearrangement in the remaining 57%,
in many cases no definitive proof was provided to rule out this possibility. On the
other hand, it can not be denied that several CML patients are reported with classical
CML disease without the presence of ber—abl rearrangement. Very recently, this was
confirmed by Kwrzrock etal, [57], who reported on 11 Ph-negative. BCR-negative CML
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Table 7 Distribution of Ph-negative CML patients in chronic phase
or blast crisis according to results of cylogenetic and
molecular studies

Molecular
evidence

for BCR
rearrangemaent

No. of cases Karvotvpe Yes No
54 Normal 28 26
10 Abnormal, 9q34 invelved 9
8 Abnormal. g34 not involved 3 a
64 Ph-negative, karyotype not specified 18 46

cases investigated in the MD Anderson Cancer Center using Southern and Northern
blot analysis. They represented about 3% of the CML cases studied in the same period
in that institute. In addition to our findings, Kurzrock et al. reported that, although
the early stage of BCR-negative and BCR-positive CML shows striking resemblance,
disease progression manifests distinctly.

In the Ph-negative patients (the aCML patients) that do not fulfill all criteria for
CML. 4 more heterogeneous picture can be expected, showing activation of uther
oncogenes than ber and abl e.g., ras, in some cases.

A controlled multicenter study of Ph-negative CML patients who are clinically.
hematologically, and cytogenetically well characterized should farm the basis for
future molecular investigations necessary to elucidate the mechanisms responsible
for Ph negative CML and to apply this knowledge to determine choice of therapy and
prognosis.
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