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In the past two decades research in haematology has 
been focused predominantly on the malignant lympho- 
mas, acute leukaemias, including their precursor lesions 
(myelodysplastic syndromes) and various aspects of mo- 
lecular biology. However, as a consequence of greatly 
increased use of the bone marrow trephine biopsy tech- 
nique as well as the introduction of new therapeutic re- 
gimes, interest in the clinical and morphological features 
of chronic myeloproliferative disorders (CMPDs) has 
been re-awakened in recent years. Among the different 
subtypes of CMPDs chronic myelogenous leukaemia 
(CML) is not only the most frequent entity (about 60%), 
but also characterized by poor survival under conven- 
tional chemotherapy and interferon therapy (Kantarjian 
et al. 1988; Sokal et al. 1988a, b; Hehlmann et al. 1992; 
Morra et al. 1992). For this reason, it is understandable 
that several authors have tried to determine factors 
which may aid in assigning patients to different prognos- 
tic subgroups (Kantarjian et al. 1990) or could influence 
the exact timing of marrow transplantation as the only 
curative treatment (Segel et al. 1986; Kantarjian et al. 
1988). 

Generally, any attempt to define disease features of 
predictive value has to take into account several points. 
First, variables which were assumed to exert a prognostic 
impact should be divided into static and dynamic ones. 
Static variables are those present on admission or at 
the time of diagnosis and may reflect the stage to which 
the disease has progressed. Dynamic determinants of 
survival are mostly compatible with therapy-associated 
patterns of response and evolution of clinical findings 
during the course of disease and may indicate aggressive- 
ness. Second, statistical evaluation has to involve multi- 
variate regression methods to exclude the impact of the 
multiple interactions among the different disease fea- 
tures and to identify those variables with primary prog- 
nostic significance. Using proportional hazards models 
enables the computation of the relative prognostic values 
associated with prognosis for any patient. Following this 
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calculation patients can be categorized into high, inter- 
mediate and low risk groups with median survivals of 
approximately 2, 3 and 4.5 years (Kantarjian et al. 1988; 
Sokal et al. 1988a, b). Third, in order to eliminate the 
effect of mortality from other causes of death, relative 
survival rates and life expectancies have to be assessed. 
This method is best employed in elderly patients, in 
whom interactions between CML and various fatal ag- 
ing process-related disorders may be expected (Thiele 
et al. 1991). In this context it should be kept in mind 
that only in a minority of CML patients are autopsy 
findings available to establish the exact cause of death. 

In only a few larger series which include data from 
national and international CML trials has multivariate 
regression analysis of the various associations of patient 
characteristics and therapy with survival been performed 
(Cervantes and Rozman 1982; Sokal et al. 1984; Kantar- 
jian et al. 1985; The Italian Cooperative Study Group 
1991; Hehlmann et al. 1992). In the most widely ac- 
cepted risk model (Sokal et al. 1984), which is particular- 
ly applied to evaluate prognosis and timing of bone mar- 
row transplantation (Kantarjian et al. 1985; Sokal et al. 
1988a; The Italian Cooperative Study Group 1991), 
static factors of prognostic importance comprised age, 
platelet count, spleen size and peripheral blasts (Sokal 
et al. 1984). Other staging systems which have been de- 
scribed in detail in the literature include race, liver size, 
white blood cell count, basophils, promyelocytes, nuc- 
leated red cells in the peripheral blood (Kantarjian et al. 
1990), and chromosomal aberrations other than the well- 
known Philadelphia translocation (t9;22) and so-called 
Philadelphia-chromosome-negative patients (Kantarjian 
etal. 1985; Sokal etal. 1988b). Dynamic factors of 
prognostic significance such as evolution of accelerated 
disease features and response to therapy (Kantarjian 
et al. 1988) were rarely addressed. However, in all these 
previous multivariate analysis-derived risk scores there 
was no calculation of the relative survival rates and, 
most remarkably, no histological parameters were con- 
sidered. This striking lack of information regarding bone 
marrow lesions of predictive value may be due to the 
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fact that a trephine biopsy was apparently not a criterion 
for entry of a patient into one of the major clinical trials 
on CML (Sokal et al. 1984; Kantarjian et al. 1985; The 
Italian Cooperative Study Group 1991). Morphological 
diagnosis of CML was usually limited to peripheral 
blood findings and aspirate cytology; using this latter 
method does not permit us to determine quantitative 
aspects of the cellular elements composing haematopoie- 
sis, or to evaluate the content of fibres. 

The extensive application of bone marrow biopsies 
in CML has demonstrated convincingly that in a signifi- 
cant number of patients the characteristic granulocyto- 
poietic myeloproliferation with reduction of the ery- 
throid cell lineage may be accompanied by other fea- 
tures. These features consist of an increased growth of 
(micro-) megakaryocytes, occurrence of reticulin and 
collagen fibres and, finally, numerous macrophages, that 
is to say histiocytic-phagocytic reticular cells (Lazzarino 
et al. 1986; Burkhardt et al. 1990; Georgii et al. 1990; 
Thiele et al. 1991; Buhr et al. 1992). This conspicuous 
variability in the appearance of the bone marrow in 
CML has served as a basis for histological classification 
systems which aim to discriminate subgroups of patients 
with differences in clinical findings and survival (Burk- 
hardt et al. 1990; Georgii et al. 1990). Briefly, subgroups 
with a predominantly granulocytic proliferation were re- 
garded as common type of CML and separated from 
those showing an increase in megakaryocytes. Further 
distinctions between advanced stages of the disease pro- 
cess and subgroups revealing myelofibrosis and blastic 
transformation were made. This so-called Hannover 
Classification (Georgii et al. 1990) has to be recognized 
as a first attempt to evaluate the histological parameters 
of presumptive impact on prognosis in CML. Another 
approach to this problems is an univariate analysis-de- 
rived computation of certain histomorphological vari- 
ables (such as fibres) by semiquantitative scoring systems 
(Lazzarino et al. 1986; Dekmezian et al. 1987) or a mor- 
phometric evaluation of the different marrow elements 
(Thiele et al. 1990). In consideration of the heterogeneity 
of the different CML populations investigated by a wide 
spectrum of statistical methods and the controversial 
issue as to whether histological factors may predict sur- 
vival, four variables were selected which are currently 
under discussion to exert prognostic significance. 

Fibres 

Different degrees of reticulin and/or collagen fibre depo- 
sition within the bone marrow may be found on admis- 
sion of CML patients, in about 25% of cases (range 
10~47%), depending on the various definitions of myelo- 
fibrosis (Gralnick etal. 1971; Lazzarino etal. 1986; 
Dekmezian et al. 1987; Anger et al. 1990; Georgii et al. 
1990; Thiele et al. 1991). It is generally agreed that mye- 
lofibrosis represents an advanced stage of the disease 
process and may be an immediate precursor of blastic 
crisis (Gralnick et al. 1971 ; Kantarjian et al. 1988). De- 
velopment of fibrosis reveals a slgnificant correlation 
with the duration of relevant prediagnostic symptoms 

and consequently its negative influence on survival is 
due to later diagnosis of CML (Thiele et al. 1986). In 
several studies performed to evaluate the predictive im- 
pact of this parameter, a worsening of life expectancy 
has been found in patients with a significant content 
of reticulin or collagen fibres (Lazzarino et al. 1986; 
Dekmezian etal. 1987; Kantarjian et al. 1988; Anger 
et al. 1990). Quantitation of fibre accumulation was, 
however, restricted to semiquantitative gradings using 
different scores. Morphometry with determination of ar- 
gyprophilic fibre density has disclosed that only a slight 
increase in reticulin, just exceeding the upper limit of 
the normal value, was correlated with an unfavourable 
prognosis. Moreover, as was expected, multiple interac- 
tions existed between clinical and other histological vari- 
ables (Thiele et al. 1990). For this reason, it is under- 
standable that those categories of the so-called Han- 
nover Classification (Georgii et al. 1990) which comprise 
reticulin or collagen fibrosis are thought to be associated 
with a significant shortening of life expectancy. 

Megakaryocytes 

Evaluation of megakaryocytes as suspected factors of 
prognostic significance is a controversial issue which is 
additionally complicated by a striking relationship with 
the evolution of myelofibrosis (Lazzarino et al. 1986; 
Georgii et al. 1990; Thiele et al. 1990; Buhr et al. 1992). 
As already mentioned, the frequent occurrence of me- 
gakaryocyte proliferation simultaneously with reticulin 
or collagen fibrosis is associated with an unfavourable 
prognosis (Lazzarino et al. 1986; Dekmezian et al. 1987; 
Kantarjian et al. 1988; Anger et al. 1990; Thiele et al. 
1990, 1991). When compared with a prevalent granulo- 
cytic proliferation, the most frequent and common sub- 
type of CML (Georgii et al. 1990), an isolated increase 
in megakaryocyte numbers without myelofibrosis has 
not to be considered as exerting an adverse influence 
on survival. It may be assumed that cases with an in- 
creased megakaryocyte growth alone reflect a relatively 
early "pre-myelofibrotic" stage of disease (Buhr et al. 
1992), which explains its favourable prognostic impact. 
As a discordant finding megakaryocytopenia was re- 
corded by one study group to indicate poor survival 
(Kantarjian et al. 1985, 1988). In this context it is note- 
worthy that the marrow samples of the latter authors 
involved some aspirates, and an unknown number of 
patients were referred within 3 months of diagnosis and 
after minimal therapy. Furthermore, by applying con- 
ventional staining methods (haematoxylin and eosin, 
Giemsa, periodic acid-Schiff) only mature, well-differen- 
tiated megakaryocytes are identifiable. However, follow- 
ing immunohistochemistry with monoclonal antibodies 
against platelet glycoprotein IIIa (CD61) or the alpha- 
naphthyl acetate esterase reaction, atypical micromega- 
karyocytes and precursor forms (pro- and megakaryo- 
blasts) become recognizable. Presently, it cannot be ex- 
cluded that this abnormal and immature cell population 
might exert a predictive value. This point needs further 
clarification, particularly because atypical micromega- 
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karyocytes  are a conspicuous feature in C M L  (Burk- 
hard t  et al. 1990; Georgii  et al. 1990; Thiele et al. 1990; 
Buhr  et al. 1992). 

Blasts 

Appearance  o f  a significant myeloblast ic cell popula t ion  
in bone  m a r r o w  biopsies o f  patients with C M L  is a hall- 
mark  o f  an impending t ransformat ion  into an accelera- 
ted or  unstable phase. Myeloblasts  as histological pa- 
rameters  have only a bearing on survival in those series 
o f  patients in which a relatively high peripheral  blast  
count  (more than  20%) was no t  excluded explicitly. 

Pseudo-Gaucher cells 

Al though  bone  m a r r o w  in C M L  harbours  numerous  
macrophages ,  only the subgroup o f  pseudo-Gaucher  
cells, sea-blue histiocytes and intermediate cell elements 
display a remarkably  specific and mos t  favourable  im- 
pact  on  prognosis.  This finding has been reported in 
smaller series o f  patients (Albrecht  1972; Thiele et al. 
1986; Kelsey and Geary  1988) and, like fibrosis, retains 
its predictive value even in mult ivariate analysis (Thiele 
et al. 1991). The occurrence o f  pseudo-Gaucher  cells has 
generally been linked with an increased turnover  o f  gran-  
ulo- and erythrocytes  (Kelsey and Geary  1988). It is sug- 
gested that  abnorma l  storage o f  glycolipids and transfor-  
ma t ion  o f  macrophages  into this peculiar cell popu la t ion  
is prevalent in those C M L  cases where an imbalance 
develops between leucocyte death and degrada t ion  capa-  
bility o f  the mononuc lea r -phagocy te  system. Fol lowing 
this hypothesis  pseudo-Gaucher-cel l -posi t ive cases indi- 
cate an enforced auto-aggressive activity to reduce the 
leucocyte mass,  which may  explain their favourable  
prognosis.  

Because o f  the retrospective and explora tory  character  
o f  the determinat ion o f  prognost ic  variables, val idat ion 
o f  predictive capacities should include larger and more  
homogeneous ly  distr ibuted series o f  patients than has 
been investigated to date. Further,  a complete  assess- 
ment  o f  the cor responding  histological features with em- 
p loyment  o f  ( immuno-)  histochemistry and suitable sta- 
tistical methods  are required. Future  analysis with an 
independent  set o f  da ta  which have been collected in 
the course o f  on-going  clinical trials on  C M L  is essential 
to emphasize the prognost ic  significance o f  bone  m a r r o w  
findings in addi t ion to cl inical- laboratory findings. In 
this context  endeavours  should be aimed at an amend-  
ment  o f  the current ly applied risk models  (Kantar j ian  
et al. 1990) by inclusion of  certain histological variables, 
a m o n g  which fibres and pseudo-Gaucher  cells are con- 
sidered to have a specific prognost ic  impact.  

Acknowledgement. This work was supported by a grant from the 
Deutsche Forschungsgemeinschaft (DFG - Th 390/1-2). 

References 

Albrecht M (1972) Ergebnisse von Langzeitbeobachtungen bei Pa- 
tienten mit chronischer myeloischer Leuk/imie. In: Gross R, 
Van de Loo J (eds) Leuk/imie. Springer, Berlin Heidelberg New 
York, pp 399~404 

Anger B, Schmeiser T, Heimpel H, Robertson J, Sokal JE, Ganser 
A, Carbonell F (1990) Evaluation von 196 Patienten mit chron- 
ischer myeloischer Leuk/imie anhand eines Standard-Prognose- 
Modells. Onkologie 13:109-114 

Buhr T, Choritz H, Georgii A (1992) The impact of megakaryocyte 
proliferation for the evolution of myelofibrosis. Histological 
follow-up study in 186 patients with chronic myeloid leukaemia. 
Virchows Arch [A] 420:473478 

Burkhardt R, Jaeger K, Kettner G, Helmer G (1990) Chronic mye- 
loproliferative disorders: prognostic importance of new work- 
ing classification. J Clin Pathol 43:357-364 

Cervantes F, Rozman C (1982) A multivariate analysis of prognos- 
tic factors in chronic myeloid leukemia. Blood 60:1298-1304 

Dekmezian R, Kantarjian HM, Keating M, Talpaz M, McCredie 
KB, Freireich EJ (1987) The relevance of reticulin stain-mea- 
sured fibrosis at diagnosis in chronic myelogenous leukemia. 
Cancer 59:1739-1743 

Georgii A, Vykoupil KF, Buhr T, Choritz H, D6hler U, Kaloutsi 
V, Werner M (1990) Chronic myeloproliferative disorders in 
bone marrow biopsies. Pathol Res Pract 186 : 3-27 

Gralnick HR, Harbor J, Vogel C (1971) Myelofibrosis in chronic 
granulocytic leukemia. Blood 37 : 152-162 

Hehlmann R, Heimpel H, Grieshammer M, Kolb HJ, Heinze B, 
et al (1992) Chronic myelogenous leukemia: recent develop- 
ments in prognostic evaluation and chemotherapy. Leukemia 
6 [Suppl 3]:110 114 

Kantarjian HM, Smith TL, McCredie KB, Keating MJ, Walters 
RS, Talpaz M, Hester JP, Bligham G, Gehan E, Freireich EJ 
(1985) Chronic myelogenous leukemia: a multivariate analysis 
of the associations of patient characteristics and therapy with 
survival. Blood 66 : 1326-1335 

Kantarjian HM, Talpaz M, Gutterman JU (1988) Chronic myelo- 
genous leukemia past, present, and future. Hematol Pathol 
2:91-120 

Kantarjian HM, Keating MJ, Smith TL, Talpaz M, McCredie KB 
(1990) Proposal for a simple synthesis prognostic staging system 
in chronic myelogenous leukemia. Am J Med 88 : 1 8 

Kelsey PR, Geary CG (1988) Sea-blue histiocytes and Gaucher 
cells in bone marrow of patients with chronic myeloid leukae- 
mia. J Clin Pathol 41 : 960 962 

Lazzarino M, Morra E, Castello A, Inverardi D, Coci A, Pagnucco 
G, Magrini U, Zei G, Bernasconi C (1986) Myelofibrosis in 
chronic granulocytic leukaemia: clinico-pathologic correlations 
and prognostic significance. Br J Haematol 64:227-240 

Morra E, Lazzarino M, Alimena G, Liberati AM, Grignani F, 
Mandelli F, Bernasconi C (1992) The role of interferon in the 
treatment of chronic myelogenous leukemia: results and pros- 
pects. Leuk Lymph 6:305 315 

Segel GB, Simon W, Lichtman MA (1986) Variables influencing 
the timing of marrow transplantation in patients with chronic 
myelogenous leukemia. Blood 68 : 1055-1064 

Sokal JE, Cox EB, Baccarani M, Tura S, Gomez GA, Robertson 
JE, Tso CY, Braun TJ, Clarkson BD, Cervantes F, Rozman 
C, The Italian Cooperative CML Study Group (1984) Prognos- 
tic discrimination in "good-risk" chronic granulocytic leuke- 
mia. Blood 63:789 799 

Sokal JE, Baccarani M, Russo D, Tura S (1988a) Staging and 
prognosis in chronic myelogenous leukemia. Semin Hematol 
25:49-61 

Sokal JE, Gomez GA, Baccarani M, Tura S, Clarkson BD, Cer- 
vantes F, Rozman C, Carbonell F, Anger B, Heimpel H, Nissen 
NI, Robertson JE (1988 b) Prognostic significance of additional 
cytogenetic abnormalities at diagnosis of Philadelphia chromo- 
some - positive chronic granulocytic leukemia. Blood 72:29d~ 
298 



370 

The Italian Cooperative Study Group on Chronic Myeloid Leuke- 
mia (1991) Confirmation and improvement of Sokal's prognos- 
tic classification of P H +  chronic myeloid leukemia: the value 
of early evaluation of the course of the disease. Ann Hematol 
63:307-314 

Thiele J, Fohlmeister J, Vonneguth I, Zankovich R, Fischer R 
(1986) The prognostic implication of clinical and histological 
features in PH + chronic myelocytic leukaemia (CML). Anti- 
cancer Res 6:1401 1410 

Thiele J, Wienhold ST, Zankovich R, Fischer R (1990) A histomor- 
phometrical analysis of trephine biopsies of bone marrow from 
65 patients with chronic myeloid leukemia - classification of 
patients into subgroups with different survival patterns. Anal 
Quant Cytol Histol 12 : 103-116 

Thiele J, Kvasnicka HM, Zankovich R, Fischer R, Diehl V (1991) 
Parameters of predictive value in chronic myeloid leukemia - 
the prognostic impact of histopathological variables in a multi- 
variate regression analysis. Leuk Lymph 4: 64-74 


