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improve the impact of risk profiles (Table 3). Thus a substantial
advance in diagnostic and prognostic efficiency may be achieved
by a concerted action involving a refined histological evaluation
and a close consideration of clinical findings.
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Chronic myelogenous leukemia (CML) comprises four groups that
are under discussion at present. These are: i) Philadelphia (Ph)-
positive, BCR-positive CML; ii) Ph-negative, BOR-positive CML; ii)
atypical CML (aCML), i.e. Ph-negative, BOR-negative aCML; and
iv) chronic myelomonocytic leukemia (CMML), which actually
belongs into the myelodysplastic syndromes but which must be dis-
cussed in this context. The first group is by far the largest, with over
90% occurrence among all CMLs. The second group is believed to
form about 4% (1). CMML is presumed to have approximately 3%
frequency and the new category of aCML is even more rarely
observed (2-4). Neutrophil leukemias are seldom detected and are
thus not considered within this article. Recent results of bone mar-
row pathology focus on the large group of Ph-positive CML and on
pH-negative, BCR-positive CMLsince patients of the second group
have similar clinical characteristics and outcome (1, 2, 5). Patients
of both groups benefit from protocol therapy with interferon-a (IFN-a)
or hydroxyurea, which has prolonged their mean life expectancy
from 3-4 years to about 5 years overall survival (5, 6).

Table 2. The Cologne Criteria (4) for the diagnosis and staging of
idiopathic myelofibrosis (IMF).

A No preceding or allied other subtype of myeloproliferative disorders or
myelodysplastic syndromes

B Splenomegaly (or palpation or >11 cm ultrasound)

C Thrombocythemia (platelet count >500 x 1 10^9/l)
D Anemia (Hb <12 g/dl)

E Definitive leukoerythroblastic blood picture

F Histopathology: granulocytic plus megakaryocytic myeloproliferation
with large, multilobulated nuclei containing megakaryocytes which
show abnormal clustering and definitive naturation defects and the
following: i) no to minimal reticulin fibrosis; ii) slight reticulin fibrosis;
ii) marked increase (density) in reticulin fibers or collagen fibrosis; iv)

osteosclerosis (endophytic bone formation).

Diagnosis and classification of IMF is acceptable if the following com-
binations are present:

Stage 1: A+B+C+F1 is consistent with a hypercellular (prefibrotic) stage
simulating clinically essential thrombodythemia

Stage 2: A+B+C+D+F2 la consistent with early IMF
Stage 3: A+B+D+F3 is consistent with manifest IMF
Stage 4: A+B+D+E+F3+4 is consistent with advanced IMF complicated

by osteosclerosis (osteomyelosclerosis)

Table 3. Simplified synthesis prognostic staging system (Cologne
score) in idiopathic (primary) myelofibrosis (IMF) derived from a
clinicopathological study on 120 patients (13).

Prognostic
Parameter impact (score)

Age (years) >70 2
Hb (g/dl) <10 2
Thrombocytes (x1 0^9/l) <300 l
Leukocytes (x1 0^9A) >20 1
Myaloblasts (%) >2
Erythroblasts (%) >2
Proliferating cell nuclear antigen index (per mm3) <240 0.5
Apoptosis (per mm3) <6 0.5

Survival

Prognostic staging Score Observed Relative Proportion
Risk group (points) (months) (5 years) of life loss

Low risk <2 157 78% 14.98%
Intermediate risk >2 and <4 45 42% 60.23%
High risk >4 15 10% 76.71%
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The role of histopathology from bone marrow biopsies is still
widely underestimated because the results from relevant therapy
trials are presented without regard for protocol biopsies (7), as pre-
viously performed by Rozman’s group in Spain (8). Meanwhile,
histopathology has provided data on morphological criteria, which
characterize the progression of Ph-positive CML. Such criteria are
number and cytomorphology of megakaryocytes, grade or number
of fibers and percentage of blasts in bone marrow sections (10,11).
By grading or quantifying these three criteria, the comparison of
diagnostic with sequential biopsy measuring has provided new
insights into bone marrow fiber increase under myelosuppressive
therapy with busulfan or IFN (9,10). A strict grading and staging of
these morphological criteria proves that the initial density of fibers
or blasts in chronic myeloproliferative disorder (CMPD) patients
represents a reliable prognostic indicator of progressing myelofi-
brosis or blast crisis, at least in randomly collected patients (9,10).
Density of megakaryocytes is closely related to the onset and
progress of fibrosis in bone marrow as proven by different labora-
tories (9-12). Preliminary evaluation of this topic from the bone
marrow biopsies of some 300 patients from the German CML trial
I (5, 6), provide a significant correlation between the grade of
megakaryocytic density and progress into myelofibrosis during a 3-
year mean observation (9).

Immunohistochemical analysis of morphological criteria was
provided especially by Thiele’s group, who studied the effect of IFN
on megakaryocytes by evaluating patients from monocenter trials
(11, 12). The probability of unmasking the prognostic impact of a
histological criterion by morphological investigation increases sig-
nificantly when large numbers of well-documented patients can be
evaluated. Thus, multicenter sampling of bone marrow probes from
different hospitals must be pursued over a long period of time.
Such methodology and rationale, however, by necessity provide a
different handling of bone marrow tissue byvarying handling, main-
ly by fixation procedures, bone marrow concentrations as well as
the times of exposure. These varying technical procedures must
inevitably influence the susceptibility of the epitopes of investigat-
ed cells to the immunoreactions.

The impact of pseudo-Gaucher-cells (PGC) on the prognosis of
Ph-positive CML is not totally clear at present (3, 9). These bire-
fringent storing histiocytes can be detected in almost 70% of diag-
nostic bone marrow biopsies (13) and are rarely revealed in Ph-
negative, large megakaryocytic chronic myeloproliferation. How-
ever PGC do also occur in aCML. Positive prognostic influence in
PGC-positive patients is reported in overall survivals (10, 12). This
can be reconfirmed by a recent biomathematical update among the
308 patients of the German CMLTrial 1, while all previous statisti-
cal analyses had failed (unpublished data). However, a semiquan-
titative distinction between patients with numerous PGC versus
those with few or no PGC in their diagnostic bone marrow biopsy
discloses a completely different result: patients with numerous
PGC have a significantly worse overall survival than those with few
PCG (unpublished data). The question at present is whether the

occurrence of PGC is correlated with other histological features of
prognostic relevance.

aCML is hematologically similar to CML (1-4), being negative
for Ph-translocation and for BCR-ABL transcripts in reverse tran-
scription-polymerase chain reaction (RT-PCR) analysis (14,15). Its
distinction from CMML either by quantitative cytology of peripheral
blood and bone marrow was described by the French-American-
British (FAB) group (4). Although some could reconfirm this cyto-
logical distinction between aCML and CMML by simple criteria of
the differential count of peripheral blood and the absence of dys-
plasia among the myelopoiesis ofthe bone marrow (16), others are
discussing whether CMML may be generally grouped within CMPD
(17), or whether it should remain within the MDS (18). This differ-
ence of opinion is not based upon the histopathology of bone mar-
row biopsies and few data were presented on the histological defi-
nition of the new entity of a CML (2-4). Histological diagnosis of an
a CML is based in our laboratories on a marked increase of granu-
lopoiesis which shows dysplasias of its cells, megakaryocytes
which are not as small as in Ph+ CML, and very few (3) basophils
within the bone marrow and peripheral blood. Hehlmann et al.
observed that these patients with aCML are older than those with
Ph-positive CML, have lower cell counts and are more ill at diag-
nosis. Their median survival is 1.4 vs. 4.2 years in Ph-positive CML
(5-7).

In conclusion, a detailed morphological analysis of diagnostic
and sequential bone marrowbiopsies, i.e., staging by at least semi-
quantitative histology, is recommended if the long-term effects and
interrelations with myelosuppressive treatment are to be revealed.
Additionally, histopathology must respect the differential diagnosis
among the CML-groups and aCML must be defined histologically
by investigating patients that are well characterized by clinical and
genetic analysis.

References
1. Cortés et al. cancer 1995; 75(2): 464-470.
2. Oickstein JI, Vardiman JW. Semin Oncol 1995; 22: 355-373.
3. Georgii A et al. In: Green A, Pearson TC. (Eds.). Myeloproliferative Diseases.

Bailliere’s Clinical Heematology, London (in press).
4. Bennett et al. Brit J Haemat 1994; 67: 746-754.
5. Hehlmann et al. Leukemia and Lymphoma 1993; 11(Suppl. 1): 159-168.
6. Hehlmann R et al. Blood 994; 64: 4064-4077.
7. The Italian Cooperative Study Group on CML. New Engl J Med 1994; 330:

820-825.
8. Rozman C et al. Eur J Haematol 1989; 42:150-154.
9. Georgii Aetal. Haematologica 1998; 3:169-174.

10. Thiele et al. Ann Hematol 1995; 70:121-128.
11. Thiele et al. Ann Hematol 1993; 66: 291-303
12. Thiele et al. Anal Cell Pathol 1996; 11: 31-42.
13. Buesche et al. Virch Arch 1997; 430: 139-148.
14. Melo JV et al. Leukemia 1994; 8:208-211.
15. Hochhaus A et al. Blood 1996; 88: 2236-2240.
16. Von der Plas DC et al. Cancer Genet Cytogen 1991; 52: 143-156.
17. Michaux CL, Martiat P. Leukemia Lymphoma 1993; 9:35-41.
15. Oscier DG. Brit J Haematol 1996; 92: 5.

- 317 -


