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To better understand the Philadelphia-negative {Ph-l chronic
myeloid leukemia (CMLI and its relationships with philadel.
phia-positive (Ph-) CML and chronic myetomonocytic leuke.
mia (CMML), a study was undertaken by the Groupe Frangais
de Cytogénétique Hématologique. Thirty-five Ph- CML pa.
tients were investigated and compared with E5 chronic
phase Ph* CML and 100 CMML patients. There were i2
M-BCR positive (M-BCR.) and 23 M-BCR negative (MBCR-I
patients. No clinical or biologic differences were found
between Ph* and Ph-, M-BCR* patients. ln the ph- group,
M-BCR. and M-BCR- patients differed significantly in age
147.7 * 6.6 v 67.0 + 6.1 years, respectively; p : .0011, leuko.
cytosis (153.4 * 135.1 v 58.5 + 37.7 10s/L, p = .OO2l, relative
monocytosis (1,8o/o + 1.2o/o v 5.60/o + 1,4o/o, p = .048), abso-
lute basophilia (8.5 + 9.7v0.9 + 1.5 1Oe/L,p : .0Oll, percent-
age of immature myeloid precursors (lMpl in peripheral
blood (29.0% + 9.5o/ov 15.3% + B.1o/o,p = .0011, and percent-
age of erythroblasts in bone marrow (BMl (6.5% + g.SVo v

I\VER THE LAST 10 years an increasing number of
\-7 investigatorsr'ra have focused on the philadelphia
chromosome-negative (Ph-) chronic myeloid leukemia
(CML). These patients do not have a ph chromosome but a
proportion of them, varying according to the selection
criteria, have a rearrangement within the major breakpoint
cluster region (M-BCR). Using different crireria (clinical,
morphologic, or molecular), there have been many contro-
versies about the existence of an entis called atypical
chronic myeloid leukemia (aCML) that would cover the
patients lacking a Ph chromosome and a rearrangement
within M-BCR, and about whether this disorder should be
regarded as distinct from CML and from chronic my-
elomonocytic leukemia (CMML).?

However, due to heterogeneity in the criteria used for
Ph- patients2'4,6'10,11.14 and due to the large diversity in the
clinical and biologic presentation of CMML,la'1r6 there is
room for debate on this subject.

Therefore, we undertook a study on ph- CML to better
understand this disorder, and to try to answer the question
of whether Ph- M-BCR- CML should be regarded as a
defined entity or as a subset of CMML.

MATERIALS AND METHODS

Patients. Between December 1988 and March 1990, all patients
referred to the participating centers with a tentative diagnosis of
Ph- CML were included in this study, provided thar they met five
inclusion criteria as the initial diagnosis material: (1) absence of
the Ph chromosome on analysis of at least 25 bone marrow (BM)
and peripheral blood mitoses; (2) persistent, unexplained leukocy-
tosis greater than 20.10'q/L; (3) more thanTSVo of peripheral white
blood cells (WBC) belonging to the granulocÿic lineage; (4) a
peripheral blast cell percentage equal or less than 5%; and (5)
presence of immature myeloid precursors (IMp) (promyelocytes,
myelocytes, and metamyelocytes) in peripheral blood.

Patients with another chronic myeloproliferative syndrome (poly-
cythemia vera,rT essential thrombocythemia,l8 idiopathic myelofi-
brosis, chronic neutrophilic leukemia, chronic myeloproliferative
syndrome with hypereosinophilia) and patients whose peripheral
monocytosis and marrow blast percentage make them meet the
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14.6yo + 3.60/o, P : .001 ). Karyospic abnormalities other than
the Ph chromosome occurred in 0 of 12 M-BCR* at diagnosis
and 7 of 23 M-BCR- Ph- CML (P = .0331. None of the t3
investigated BCR- patients had detectable BCR/ABL tran-
scripts using polymerase chain reaction (pCR) and none had
an N-RAS mutation. Cytologic findings showed a marked
morphologic difference between M-BCR* and M-BCR- pa-
tients, especially in the monocytic lineage. Dysmyelopoietic
features in CMML and M-BCR- patients were very similar,
and the differences were of quantitative order only. Using
four criteria (monocytosis, percentage of lMp, basophilia,
and percentage of erythroblasts in BM), patients coutd be
divided into typical and atypical CML and this ctassification
correlated well with molecutar findings. We conctude that,
while Ph-, M-BCR*, and Ph* CML are identical diseases, ph-,
M-BCR- CML, and CMML have many similarities and might
be only different aspects of a same entity.
a l99l by The American Society oî Hematology.

French-American-British (FAB) criteria for CMMLI, were ex_
cluded from analysis.

Seven cases studied in previous years and that met the criteria of
this study were also included, provided initial material was avail-
able for investigation.

The Ph- CML patients were compared with 55 consecutive ph+,
M-BCR*, CML patients in chronic phase referred to one of the
institutions (UCL, Brussels, Belgium) between l9g5 and 1990 and
with 100 CMML patients included in another prospective study of
our group.'5

The following parameters were investigated: (1) clinical: age,
sex, and organomegaly; (2) hematologic: hemoglobin, platelet
count, WBC count, differential count on at least 300 cells,
immature precursors in the peripheral blood, and BM ci,tology; (3)
biologic: neutrophil alkaline phosphatase (NAp) and serum
lysozyme; (4) cytogenetic: peripheral blood and BM; and (5)
molecular: presence or absence of M-BCR rearrangement at the
genomic level, polymerase chain reaction (pCR) studies on RNA
in patients whose material was available for the detection of the
BCR/ABL hybrid message and N-RAS mutations.

Survival analysis was performed using the method of Kaplan and
Meier.20

Morpholog. The pretreatment blood films and BM aspirates
were first evaluated in each center, and were subsequently re-
viewed by a team of morphologists (G.F., Hopital St Louis, paris,
France; M.2., CHRU Lille, France; and J.R., UCL Brussels,
Belgium) without previous knowledge of the clinical, cytogenetic,
and molecular findings. The presence of dysmyelopoietic features
in BM cells and their severiÿ were assessed using standard
criteria.le In addition, iron stains were performed in all patients to
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exclude refractory anemia with ringed sideroblasts. BM biopsies,
available in all but one patient at diagnosis, were reviewed to rule
out idiopathic myelofibrosis.

Cytogenetics. Chromosome studies were performed on periph-
eral blood and BM cells cultured for 24 to 48 hours without
mitogens. Metaphases were G-banded with Wright,s stain or
trypsin technique and R-banded with heating techniques. A
minimum of 25 metaphases were analyzed and classified according
to the ISCN guidelines. The karyotypes of all patients were first
reviewed in subgroup meetings of the Groupe Français de Cytogé-
nétique Hématologique (GFCH). Karyotypic abnormalities raising
problems were reviewed a second time during general workshops
of the same group.

DNA analysis. High molecular weight DNA was prepared and
restriction digested with at least three restriction enrymes accord-
ing to standard protocols.2' After electrophoresis on a 0.8Vo
agarose gel and transfer to nylon membrane, the DNA was
hybridized to either a probe covering most of the M-BCR se-
quences (universal probe) or to two probes 3' and 5 ' in M-BCR. In
seven M-BCR- patients, N-RAS mutations (codons 12, 13, and 61)
were sought for using the polymerase chain reaction (PCR) and
specific oligo-nucleotide hybridization according to the method
described by Cogswell et al.rl

RNA analysis. Total RNA was extracted from samples of 13
M-BCR nonrearranged patients, reverse transcribed, and submit-
ted to PCR for the detection of hybrid BCR-ABL transcripts (e,ar,
brar, and brar) as previously described by the participating cen-
lers.'2'2n

RESULTS

Patients. The records of 42 patients were addressed for
inclusion. After morphologic review, two patients had to be
excluded because of a peripheral blastosis greater that 5Vo.
Four patients were reclassified as CMML. Another patient
had to be excluded because cytogenetic data were not
available at diagnosis.

Cytogenetics. No patient had evidence of standard or
variant t(9;22). There were seven chromosomal abnormali-
ties at diagnosis that are detailed in Table L, part B. In three
patients, the karyotype became abnormal during evolution
of the disease. After classiÿing the patients into M-BCR*
and M-BCR-, the analysis showed that no M-BCR. patient
had karyotypic abnormalities at diagnosis (two became
abnormal in blastic crisis), whereas seven abnormal karyo-
types were found at diagnosis in the M-BCR- group
(another patient also became abnormal in blastic crisis)
(Table 2).

DNA and RNA analysis. Twelve of 35 patients had a
rearrangement within M-BCR and 23 were negative. Among
the latter, 13 could be screened for the presence of a hybrid
BCR/ABL transcript using PCR. PCR was performed ro rry
to detect a rearrangement occurring within the BCR gene
but downstream to M-BCR, which could lead to the
formation of the typical message, as seen in a few ph"
CML.25'26 None of them were shown to be positive. Among
the seven M-BCR- patients who were tested for possible
N-RAS mutations, none was positive.

Clinical and moryhologic studies. Clinical, biologic, and
hematologic parameters were studied after classifying the
patients into two (M-BCR. and M-BCR-) groups and
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compared using the Mann-Whitney test. M-BCR. patients
were also compared with the 55 Ph* CML patients, and the
M-BCR- group with the i00 CMML patients.

The details of this comparison are shown in Table 3.

The first comparison between Ph-, M-BCR* and Ph-,
M-BCR- patients showed six parameters differing signifi-
cantly: age (years): 47.7 -r 6.6 versus 67.0 -+ 6.1, respec-
tively, P : .001; leukocytosis: 153.4 l}'glL {- 135.1 versus
58.5 107L 'ç 37.7, P : .002; relative monocytosis: l.ïVo 'r
l.2Vo verstrs 5.6Vo -+ 2.8Va, P = .048; absolute basophilia:
8.5 10'g/L 'r 9.7 versus 0.9 t0'lL + !.5, P: .001; percentage
of IMP inPB:29.0Vo + 9.57o versus 15.37a + 8.lVo, P =
.001; and the percentage of erythroblasts in bone marrow:
6.5Vo -r 3.57o versus l4.6Vo + 3.6Vo, P = .001. There were
no differences with respect to spleen size, absolute monocy-
tosis, hemoglobin level, platelet count, serum lysoryme
level, and NAP score.

In Ph-, M-BCR* patients, dysmyelopoiesis was mild. The
most frequently observed abnormalities were a maturative
defect of the granulocyte granules and nuclear abnormali-
ties (nonlobulated nucleus) in the megakaryocytic lineage.
The monocytic lineage did not show any maturative defect.

In the Ph-, M-BCR- group, dysgranulopoiesis was more
pronounced, nuclear abnormalities being associated with a
maturative defect of the granules, and there were nuclear
abnormalities in the monocytic series. Megakaryocytic lin-
eage was less severely involved and the percentage of
nuclear abnormalities was less than l5Vo. These observa-
tions are summarized in Table 4.

When comparing the Ph* and Ph-, M-BCR* patients, no
significant differences with respect to the investigated
parameters could be found.

Interestingly, the comparison between the Ph-, M-BCR-
and the CMML patients showed significant differences in
relative (5.6Vo * l.4Vo v 3l.4Vo + 79.2Vo, P < .001) and
absolute (33 l}'lL+ 2.t v 10.9 10,/L -t 7.3, p: .036)
monocytosis, absolute basophilia (0.9 107L -r 1.5 v 0.07
10'/L * 0.8, P < .001), and percentage of IMp in pB
(15.3% + 8.lVo v 3.IVo + 2.3Va, P = .001). As far as age,
sex ratio, spleen size, leukocytosis, platelet count, hemoglo-
bin level, and percentage of BM erythroblasts were con-
cerned, there were no differences between these two groups
of patients. There were no qualitative differences for
dysmyelopoiesis, but the fraction of dysplastic cells of the
erythroid and megakaryocyte lineage was much more impor-
tant in CMML, as was the number of patients involved
(Table 4).

Suruival. The median survival of the Ph-, M-BCR*
patients was not reached at 58 months. In the M-BCR-
cohort, the median survival was 36 months, which was not
significantly different from the median of 30 months ob-
served for the 100 CMML patients.

DISCUSSION

Our study confirms the similariÿ of Ph* and ph- M-BCR*
CML, which is in good agreement with previously published
reports focusing on the correlation between molecular and
cytologic findings.rs,r,'o



PHILADELPHIA-NEGATIVE CHRONIC MYELOID LEUKEMIA

Table 1. Clinical, Cytogenetic, and Molecular Characteristics of the 35 Ph CML patients
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Patient
No. lnitials Sex Age

BCH/ABL N.RAS
M-BCR mBNA Mutation Survival (mo)

A. M-BCR-

1 C.M. F 56 M [33] 46, XX + + NDt tO++
2 F.t. M s0 M [47] 46, XY + ND ND 18+
3 M.M. M 30 M [46] 46, Xy + ND ND BMT 2.88; 42+
4 M.B. M 36 M [36] 46, XY + ND ND BMT 7.88; 8 in btasric crisis
5 L.F. F 58 B, M [37] 46, XX + ND ND 36 Nonhematologic cause
6 M.P. M 51 B, M [29] 46, XY + ND ND 131 Nonhematotogic cause
7 G.A. F 59 M [25] 46, XX + ND ND ,l7 tn btastic crisis

Blastic crisis: M I1 1l 46, XX, [7] 46, XX
t(9;12)(p21;p11)

8 G.D. M 31 8, M [14s] 46, Xy + ND ND 29+
9 B.M. M 56 B, M [45] 46, XY + ND ND 20+
10 A.G. F 42 M [33] 46, XX + ND ND 3+
11 K.J. M 35 B, M [108] 46, Xy + ND ND BMT8.89; 58+
12 J.V.D W. M 23 B, M [44] 46, xY + + ND 'l3 tn tymphatic blastic crisis

Elastic crisis: M [24] 47, XY + Mar 21

B. M.BCR-

13 C.M. F 79 B [14] 46, XX - 16ln acceterated phase
[5] 47, XX, +8
[2] 48, Xx, +8, +8

[6] 46, XX, t(8;8)(q21;q2a)
14 D.R. M 63 M [25] 46, XY _ j2 ln acceterared phase
15 G.E. M 74 M, B, [33] 46, XY _ 14+
16 H.G. F 77 M, B, [28] 46, XX _ 14+
17 L.F. M 70 M, B, [3] 46, XY _ 32+

[2] 46, XY,12p-
[3] 46, XY, 13p+, -15, +der (15)

t(1 5; ?Xp1 1; ?)

[14] 46, XY, -15, +der(15)
t(1s;?Xp11;?)

18 L.A. M 67 M,B,[15] 46,XY,del (20)(q12) - ll tnbtasticcrisis
19 R.C. M 65 M, B, lsoj 46, XY _ 10+
20 s.L. F 64 M, t7l 46, XX, _ ND ND 5+

[1]47, XX, +C
Blastic crisis: M, B, [21] 46, X, I DIC(Xq13)

13) 47, x,l DIC(Xq13), + I

DIC(xq 13)

21 S.C. M 54 M, B, [28] 46, XY - ND ND Sptenectomy 01.89
[1] 46, xY, t(3;2]l@1a;p11) 42+

22 D.J. M 55 M [31]46, XY - ND ND E9 tn btastic crisis
23 P.M. M 69 M, B, [26] 46, xY - ND ND 26 tn btastic crisis

Blastic crisis: B [5] 46, XY

122) 46, XY, -17, +il17ql
24 V.B. M 34 M, B, t44l 46, XY,t(5;12)(q31;p12.13) ND 14+
25 B.R. M 68 M [25] 46, xY - ND ND 19 tn btastic crisis
26 P.H. F 64 MI20)47, XX +13 - ND ND 14+
27 C.R. M 79 M [6e] 46, XY - ND ND 22+
28 J.M. F 34 B, M, [45] 46, XX - ND ND BMT 05.89; 13, Cerebrat

abscess
29 R.S. F 7s M t27l 46, XX ND 7 +
30 V.C. M 48 Mt80l 46,XY,t(5;17)(q31;p11) ND 54tnacceteratedphase
31 A.C.P.M. F 78 M [37] 46, XX - ND ND 28+
32 G.H.J. M 64 B, M, [28] 46, XY - ND ND 10+
33 J.S. M 67 M [32] 46, XY - ND ND 11+
34 W.Kn. M 72 M t27l 46, XY ND 12+
35 W.Kr. M 71 M [29] 46, XY ND 18+

*8, peripheral blood; M, bone marrow.
tND, not done.

t10+, still alive after. . . months,

Cylogenetics*
lno. of cellsl

Evolution
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Table ?. Karyoÿpie Abnormalities According to the M-BCR Status

MARTIAT ET AL

Table 4. Dysmyelopoietlc Fêatures in BM

M-BCR+
N=12

M-BCR-
N=23

Morphologic
Abnormalities

o/o ol
Patients Severity.

Chronicphase 12x: normal 16 x: normal
1x:+13
1 x: del(20Xq12)

1 x: t(5;12Xq31 ;p12,13)
t x: t(5;1ï(q31;p11)
1 x: +8, +8+8, t(8;8xq21;q24)
1 x:12p-,13p+, der 15

1x:47 X,l DIC(Xq13), + I DIC(Xq1S)

1 x: i(17q)Blastic crisis 1 x: t(9;1 2)

(p21;p1 1)

1x: + Mar21

Abbreviation: N, number of patients.

The comparison between Ph-, M-BCR* and Ph-,
M-BCR- patients shows that these two disorders are
different entities: they differ significantly in age, total WBC
count, relative monocytosis, absolute basophilia, percent-
age of immature precursors in peripheral blood, and
percentage of erythroblasts in BM (a finding that is equiva-
lent to the lower myeloid:erythroid ratio already reported
by Ezdinli et al27). NAP score was not helpful in our
èxperience and this is in agreement with the findings of
Kantarjian et al.8

In their study, Shepherd et al7 found that three entities
(typical CML or CGL, atypical CML, and CMML) could be
defined using morphologic criteria: morphology of granulo-
cytes, monocytosis, absolute basophil count, and the num-
ber of mature and immature granulocytes in PB. When we
tried to apply these criteria to our series (Table 5), we
found a good, though not perfect, correlation between the
morphologic features and the molecular findings: four
M-BCR- patients satisfied the CGL criteria while the
aCML (19 patients) group contained only M-BCR- pa-
tients; this is in agreement with two previously published
studies.llra However, when we added the percentage of
erythroblasts in bone marrow to these criteria (<15Va for
ÿpical CML) we found a perfect agreement between the

M-BCR-

Granulocytes

Monocytes
Erythrocytes
Megakaryocytes

M-BCÊ-

Granulocytes

Granules: abnormal or
devoided

Nucleus

Nucleus

Megaloblastosis
Micromegakaryocytes
Nucleus: nonlobulated

Granules: abnormal or
devoidsd

Nucleus: abnormal seg-
mentation

Nucleus: abnormal seg-

mentation
Megaloblastosis
Micromegakaryocytes
Nucleus: multiple small

nuclei

Granules: abnormal or
devoided

Nucleus: abnormal seg-
mentation

Granules: abnormal or
devoided

Nucleus
Megaloblastosis
Micromegakaryocytes
Nucleus: multiple small

nuclei or giant

Monocçes

Erythrocytes
Megakaryocytes

CMML

Granulocytes

44

12

44
14

81

62

81

31

4
62

31

1

1

1

Monocytes

Erythrocytes
Megakaryocytes

3

1

2

1

+Severity 1, 1o/o lo 15% abnormal cells; 2. 160/0 to SOoh abnormal
cells; 3, > 50% abnormal cells.

molecular findings and the rytologic features. Several
groups3's'z'to'tr have already focused on that correlation, but
with some differences. In these studies, there remained a
few patients who had either ÿpical CML features without

0-
0-

'14 1

10 1

302

Table 3. Clinical and Morphologic Characteristics (mean with ranges)

Ph-

Ph+
N=55

M-BCR*
N=12

M.BCR.
N=23

CMML
N=100

Age (v)

Sex ratio (M/F)

Spleen size (cm)

Leukocytes (10'g/L)

Monocytes (1Oe/L)

Monocytes (%)

Basophils (1Oe/L)

IMP in PB (%)

NAP score

Hemoglobin (g/DL)

Platelets (1os/L)

BM erythroblasrs (%)

45.2 17-76r.

30125

5.0 (0-20)

1 1 3.9 (20-350)

2.6 (0-19)

2.3 (0-9)

5.s (0-1 1 )

30.4 (5-61)

13.7 (0-144)

12.0 (6.3-15.0)

529 (162-1,638)

8.0 (1-21)

47.7 123-591

814

3.7 (0-15)

153.4127-4201

2.3 (0-12)

1.8 (0-3)

8.5 (0.5-22)

29.0 (19-40)

1s.7 (0-70)

12.3 (9-15.6)

336 (56-676)

6.5 (1-111

67.0 (34-80)

1518

4.8 (0-18)

58.5 121-2871

3.3 (0-19)

5.6 (0-26)

0.9 (0-12)

15.3 (4-45)

39.2 (o-92)

11.4 (6.9-13.5)

308.7 (20-765)

14.6 (6-26)

71.8 (26-941

64/36

2.7 (0-18)

34.0 (2.5-.t80)

10.9 (1-221)

31.4 (5-76)

0.07 (0-2.7)

3.1 (0-25)

55.1 (0-190)

10.9 (5.8-16.3)

242 f2-1.667!,
16.2 (8-32)

.001

.o*

.048

.001

.001

.*u
<.001

<.001

.001

.001

Ranges are given between parentheses.

Abbreviation: N, number of patients.
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Table 5. Classification of the 35 Ph- CML Patients According to
Morphology and Characteristics

Typical CML Atypical CML

A. Classification according to the criteria published by
Shepherd et a17

M-BCR-

M-BCR.

209

for comparison. They were identical as far as age, sex ratio,
spleen size, survival, hemoglobin, platelet count, and my-
eloid:erythroid ratio were concerned. Due to the heteroge-
neity of the therapies used, survival data have only an
indicative value. Of course, there were significant differ-
ences (total \VBC count, basophilia, high percentage of
IMP in PB and monocytosis), but the study itself by its
design could have produced these diflerences. While the
100 CMML patients were selected only on the basis of the
FAB criteria for myelodysplastic syndromes (MDS),I, the
criteria of this Ph-CML study required a high percentage of
granulorytes (which excludes the possibility for the monory-
tosis to be as high as in unselected CMML) and the
presence of IMP in PB (which obviously results in a higher
percentage than in the CMML group). In our study on
CMML, we found a significant percentage of patients
having characteristics (high number of IMp and basophils
in PB) classically related to typical CML. Although nor
systematically investigated in all patients, it seems worth
mentioning that?of 10 M-BCR- patients had a monoclonal
peak, a finding that has been reported in CMML.rs.r6 The
frequency and type of rytogenetic abnormalities were very
similar to what is described in CMML,12'ts,16 except that no
deletion of chromosome 7 (7q-l-7) was found in this
study. Two patients (nos. 24 and 30) had an abnormality of
the long arm of chromosome 5 (5q31), one of which,
[t(5;12)(q31;p12-13)), has been reported onty once in a
CMML case." Taking all these facts into account, we
indulge on speculating that CMML and so-called ph-
a§pical CML might be two aspects of the same disorder,
with a tendency for atypical CML to express in a more
balanced way between the granulocytic and the monorytic
lineage. This opinion is supported by two other studies:
Cogswell et alrl also speculated that atypical CML could be
regarded as a subgroup of CMML, and Kurzrock et all3
reported that the evolution of M-BCR- patients was quite
close to what could be expected in CMML.

In conclusion, our study confirms the good correlation
between molecular, clinical, and morphologic findings in
Ph- CML, especially if the myeloid:eryrhroid ratio in BM is
taken into account, and also raises the question ofwhether
Ph-, M-BCR- CML should continue to be regarded as an
entity distinct from GMML.
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B. Using BM erythroblasts as a fourth criteria ( à 15%)
M-BCR* 12

M.BCR_

M-BCR rearrangement or atypical features with M-BCR
rearrangement.3'6 In the study by Shepherd et al,7 dysgranu-
lopoiesis played a major role in the classification of typical
CML, atypical CML and CMML, a finding that we were
unable to confirm, and they did not emphasize the role of
the myeloid:erythroid ratio that we found signiûcantly
correlated with the molecular pattern. The absence of
predictive value of dysgranulopoiesis in our study is worth
mentioning, as is the fact that in the group of 55 ph. CML
investigated in parallel, moderate dysgranulopoiesis of up
to 50Vo of the cells or more was not unusual. Finally, this
study shows that although there are a few (four) M-BCR-
patients who are by multiple parameters undistinguishable
from typical CML, as reported by Kurzrock et al'3 and
Selleri et al,ta a careful examination of the myeloid:erythoid
ratio in BM may help to reclassi$ them as atypical CML.
Future studies of the underlying molecular abnormalities in
this little subset of patients will certainly be of great
interest, as these studies can give clues to mechanisms
involved in the generation of CML.

Cltogenetics was also of some help in discriminating
these two groups of patients: while none of the ph-,
M-BCR* patients had karyotypic abnormalities at diagno-
sis, 7 of 23 M-BCR- had an abnormal karyotype. This
difference was statistically significant. This frequency of
abnormalities also is in good agreement with most of
reported data.11'13,14 In their study of four ph-, M-BCR*
patients, van der Plas et al22 found two abnormalities that
could be considered Ph variant translocations, while in the
two remaining cases karyoÿpe was normal at diagnosis and
the abnormalities occurred later on in the evolution, as
usual in Ph* CML. The study by Kantarjian et al8 does not
segregate the abnormalities according to the molecular
status.

The most striking flnding to us was the similarity of the
Ph-, M-BCR- patients and the 100 CMML patients used
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