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Abstract

Objective: Myelofibrosis (MF) implies an increase in the
bone marrow (BM) fiber content without referring to quan-
tity or quality (reticulin vs. collagen). Methods: This review
on chronic myeloproliferative disorders is based on initial
and sequential BM biopsies, clinical data and follow-up ex-
aminations. A semiquantitative grading system for MF ap-
proved by a panel of experts was applied. Results: In chron-
ic myelogenous leukemia, minimal reticulin to advanced
collagen MF is detectable at presentation in about 30% of
patients. Significant correlations between BM and clinical
features, but especially prognosis, are evident. Chronic idio-
pathic MF includes a prodromal stage showing no or little
reticulin and no relevant MF with myeloid metaplasia
(MMM). A stepwise evolution is demonstrable and associ-
ated with corresponding clinical data. Usually MMM is the
diagnostic guideline for this disorder and consequently ear-
ly stages with accompanying thrombocytosis may clinically
mimic essential thrombocythemia. MF of various degrees
may be observed in polycythemia vera depending on the
progress of disease. Terminal stages (spent phase) reveal
overt collagen corresponding with MMM. If diagnosis of es-

sential thrombocythemiaregards characteristic BM features,
no relevant MF is seen at presentation and transformation
into MMM is neglectable for many years. Conclusion: To rec-
ognize dynamics of the disease process in chronic myelopro-
liferative disorders, an easily to reproduce scoring system for
MF has been proposed. The clinical diagnosis of MMM does
notinclude initial-early reticulin MF and therefore fails to de-
tect prodromal stages. Copyright © 2007 S. Karger AG, Basel

Introduction

By definition, myelofibrosis (MF) implies an increase
in the bone marrow (BM) fiber content without explicit
reference to quantity or quality (reticulin versus collagen
fibers). Causes of MF may be variable and include a mul-
titude of reactive as well as neoplastic disorders (table 1).
There is general agreement that MF is consistent with a
concomitant, secondary cause, in particular with regard
to the clonally transformed hematopoiesis in chronic
myeloproliferative disorders (CMPDs) [1-4]. Fibrillo-
genesis was found to be mediated by complex cytokine-
triggered cell-to-cell interactions [5-7]. Because MF is
an unfavorable, often lethal complication at presentation
and during follow-up in CMPDs, a clear-cut assessment
of this phenomenon featured by a standardized method-
ology seems to be warranted. Up until now in the perti-
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Table 1. Possible cause of MF

A Reactive causes
1 Autoimmune disorders
Systematic lupus erythematosis
Scleroderma
2 Toxic
Benzene exposure
Ionizing radiation

B Osteopathies
Vitamin D deficiency
Osteopetrosis
Hypothyroidism
Renal osteodystrophy

C Infections
Tuberculosis
Sarcoidosis
Acquired immune deficiency syndrome

D Neoplastic etiology
1 Malignant lymphomas (hairy cell leukemia, follicular
lymphoma, Hodgkin’s lymphoma)
Chronic myeloproliferative diseases
Myelodysplastic syndromes
Metastasizing carcinomas
Acute leukemias (acute megakaryocytic leukemia)

gk W

Table 2. Consensus on the representativity of a BM trephine

Non-tangential biopsy
Atleast 1.5 cm in length
Optimal thickness of sections: 3-4 pm

Table 3. Consensus on assessment of BM cellularity (normal val-

ues)

Age Hematopoietic area!, %
20-30 60-70
40-60 40-50

=70 30-40

! Disregard the first two subcortical BM lacunae, if hypocel-
lular.

nent literature, different means of evaluations were re-
ported that comprised morphometry [8-10] and semi-
quantitative gradings using different scores [11-14]. For
this reason, several experts tried to reach a consensus
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Table 4. Semiquantitative grading system regarding quantity and
quality of MF according to a consensus of European experts [15]

Grading Description!

MF-0 Scattered linear reticulin with no intersections
(crossovers) corresponding to normal BM

MF-1 Loose network of reticulin with many intersections,
especially in perivascular areas

ME-2 Diffuse and dense increase in reticulin with extensive
intersections, occasionally with only focal bundles of
collagen and/or focal osteosclerosis

MF-3 Diffuse and dense increase in reticulin with extensive

intersections, often associated with focal bundles of
collagen and/or focal osteosclerosis

! Fiber density should be assessed in hematopoietic (cellular)
areas.

Table 5. Diagnostic criteria for MF with MMM

Progressive anemia
Splenomegaly
Teardrop poikilocytosis
Leukoerythroblastosis
BM (collagen) fibrosis

based on a simplified and easily reproducible semiquan-
titative grading system [15]. However, before quantify-
ing the BM fiber content, basic parameters had to be re-
garded by defining a representative biopsy specimen (ta-
ble 2) or the age-matched cellularity (table 3). Following
these postulates an appropriate semiquantitative scoring
and assessment of reticulin and collagen was accom-
plished (table 4). The restriction to only four grades and
inclusion of osteosclerotic lesions (fig. la—-d) renders an
easy recognition and reproducibility. However, in this
context a most important point should be emphasized,
namely the significant discrepancy between the mor-
phological term MF and the clinical definition which in-
cludes laboratory features associated with extramedul-
lary hematopoiesis (table 5) implicating MF with my-
eloid metaplasia (MMM) [16-20]. For this reason, early
(prodromal) stages of reticulin fibrosis are not detected
by the clinicians and consequently dynamics of the dis-
ease process as well as possible therapy effects will only
be unveiled when regularly performing a BM biopsy in-
cluding follow-up examinations.

Thiele/Kvasnicka



Fig. 1. Grading of MF as evidenced in
CIME. a MF-0, b MF-1, ¢ MF-2, d MF-3
(see also tables 7 and 8). Gomori’s silver
impregnation. X180.

Clinical Implications

Regarding chronic myelogenous leukemia (CML), a
minimal reticulin (MF-1) to advanced collagen fibrosis
(MF-3) may be present on admission in up to 30% of pa-
tients [10, 13, 21, 22]. Concerning clinical data it is note-
worthy that significant differences exist between the ma-
jority of patients without MF (table 6) and those with rel-
evant reticulin and collagen fibrosis (MF-2/ME-3).
Moreover, quantity of the small dwarf-like atypical mega-

Myelofibrosis

karyocytes characteristic for this disorder displays a close
relationship with the presence of MF [22-24]. Few pa-
tients may even present with a peripheral blast count less
than 10% and no clinical signs and symptoms of accel-
eration or blastic crisis [25, 26] but a relevant MF (table 6).
On the other hand, in retrospectively performed evalua-
tions and prospective clinical trials a mild to overt in-
crease in MF was repeatedly reported to indicate an in-
dependent factor of predictive value regarding survival
[10, 13, 23, 27]. Changes in the extent of MF is signifi-
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Table 6. Clinical findings (mean values) in 584 patients with sta-
ble phase CML at presentation according to their degree of MF

MF-0 MF-1 MF-2 ME-3

Patients 357 171 36 20
Hemoglobin, g/dl 128 119 110 103
Leukocytes, X 10%/1 93 118 137 83
Thrombocytes, X 10%/1 423 434 537 486
Basophils 3.4 3.7 53 9.1
Peripheral blasts 2.1 2.8 3.5 4.5
Palpable spleen, cm below

costal margin 2.5 34 41 112

Table7. Clinical findings (mean values) in 865 patients presenting
with CIMF according to their degree of MF, i.e. stages of disease

MF-0 MF-1 MF-2 MF-3
Patients 232 333 146 154
Hemoglobin, g/dl 139 131 120 106
Leukocytes, X 10%/1 124 122 110 109
Thrombocytes, X 10%/1 902 841 640 308

Peripheral erythro-myeloblasts, % 0.3 0.2 0.4 1.3
Palpable spleen, cm below
costal margin 1.1 1.4 3.2 5.5

Table 8. Dynamics of MF (at least one grade) in 309 patients with
CIMF (follow-up biopsies after 36+ 18 months)

Gradingat  Patients  Relative rates, %

diagnosis . .
regression no change progression

MEF-0 78 0 11 89

MF-1 100 5 24 71

ME-2 52 9 41 50

ME-3 79 11 89 -

Table 9. Evolution of MF (at least one grade, median follow-up 20
months) in 233 patients with CIMF in relation to therapy

Therapy Dynamics of MF, %

regression  stable progression
No or supportive 0 55 45
Hydroxyurea 15 49 36
Interferon-o 5 55 40
Busulfan 17 44 39
Variable 2 62 36
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cantly influenced by treatment modalities. These include
a stabilization or regression during hydroxyurea therapy
[10, 28], but especially a striking fibrolysis after the ap-
plication of the tyrosine kinase inhibitor imatinib mesyl-
ate [29-32]. Controversy and discussion arises about the
possible fiber-reducing [33, 34] versus a stabilizing or en-
hancing effect of interferon-a [10, 35, 36]. This conflict
of opinion is mostly generated by comparing cohorts of
patients with a history of different treatment modalities
including crossover or combination therapies [28, 33].
In chronic idiopathic myelofibrosis (CIMF) a wealth
of data has been accumulated that prodromal stages exist
without clinically apparent features of MMM [21, 37-41].
Because of the often prevalent thrombocytosis in patients
with early-stage CIMF [42] these cases may mimic essen-
tial thrombocythemia (ET) when following the corre-
sponding criteria of the Polycythemia Vera Study Group
(PVSG) [43, 44]. Based on scrutinized evaluations of
large cohorts of patients including the wide spectrum of
disease manifestations with the extreme endpoints of
prefibrotic to overt fibro-osteosclerotic terminal stages,
significant differences concerning clinical data are re-
vealed (table 7). The dynamics of CIMF generally impli-
cate an evolution of precursor stages (table 8) to classical
features of MMM [16-20] that are compatible with MF
grades 2 and 3 according to clinicopathological investiga-
tions (table 7). More and more insights into a stepwise
progression of CIMF was gained by a comparative analy-
sis of sequential BM biopsies and associated hematologi-
cal data [21, 37-39, 41, 45, 46]. Therapy-induced changes
were relatively rarely reported concerning regression of
MF (table 9). There seems to be a consensus that follow-
ing conventional treatment with hydroxyurea or inter-
feron-a, no significant resolution of MMM or the BM
fiber content is observable in the majority of patients [20,
39, 41, 46-50]. Concerning prognosis, prefibrotic and
early fibrotic (MF-0/MF-1) stages of CIMF are associated
with a more prolonged survival than those with overt
MMM (51, 52]. When applying the so-called Lille score
[53], the grade of MF reveals only a weak relationship
with the postulated risk groups, although the majority of
intermediate to high-risk patients are associated with a
higher degree of MF (table 10). However, in most studies,
age, hemoglobin level, peripheral blood precursor cells
and leukocyte or thrombocyte counts were described as
the most significant prognostic factors [18, 51-63].
Concerning polycythemia vera (PV), a borderline to
overt reticulin MF may be observed in up to 20% of pa-
tients at presentation, probably depending on the prog-
ress of disease [9, 21, 41, 64-67]. Several lines of evidence
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Table 10. Risk profile (Lille score) in CIMF related to grading of

MEF

Risk group according Grade of MF

to Lille score ME-0 ME-1 MF-2 ME-3
Low risk, % 89 86 73 62
Intermediate risk, % 11 14 20 31
High risk, % - - 7 7

Table 11. Follow-up biopsies (mean values) and clinical findings
in 76 patients with PV after an observation time of about 3 years
(some of these patients entered already with a history of PV)

At presentation  Follow-up
(first biopsy) (last biopsy)
Hemoglobin, g/dl
Males 18.8 15.3
Females 17.6 14.7
Leukocytes, x 10%/1 12.5 18.9
Thrombocytes, X 10%/1 558 415
LAP (score) 137 230
Palpable splenomegaly 2.8 4.1
Myelofibrosis (grading: relative frequency %)
64 38
1 28 22
2 4 23
3 4 17

Table 12. Evolution of MF (at least one grade in BM fibrosis) ac-
cording to follow-up examinations of patients (median interval 3
years) with putative ET depending on applied classification

Classification Patients  Relative rate of progression, %
PVSG

ET 476 28
WHO

ET 167 0

CIME-0 174 34

CIMF-1 135 68

have suggested that the significantly higher degree of MF
(36%) in pretreatment biopsies described by the PVSG
[68] may be related to a later entry of patients into the
trial and/or performance of the BM examinations. Espe-
cially in polycythemia vera, evolution of MF during fol-
low-up examinations is well documented and associated

Myelofibrosis

with a terminal stage or postpolycythemic MMM [21, 39,
64-66, 68-70]. Since a certain degree of (reticulin) MF is
already encountered in a variable number of patients on
admission, dynamics are only elucidated when regarding
the rate of increase (table 11).

ET shows no relevant increase in reticulin fibers in
initial BM biopsy specimens [9, 10, 21, 64, 71-74]. Con-
trasting the diagnostic criteria of the PVSG [43, 44], if a
substantial amount of reticulin or any collagen fibers are
present, the WHO classification [75] warrants a clear-cut
differentiation from early-stage CIMF (24, 74, 76-78].
This feature is one of the most striking shortcomings of
the UK-PT, Study [79] and has been explicitly addressed
in the corresponding editorial to this paper [80]. In an-
other large series of 195 patients with ET, initially the
PVSG criteria were applied and evolution of overt MMM
occurred in only 13 cases after a median follow-up of 8
years [81]. However, in this study there is again a lack of
exact data concerning a systematically conducted analy-
sis of BM biopsies at diagnosis and follow-up and it ap-
pears that sequential examinations were only performed
when patients showed already clinical signs of MMM.
For this reason, early stages of reticulin or collagen fibro-
sis were not recognized and consequently the precursor
stages of CIMF were missed [42, 72, 73, 82]. According to
the WHO classification [75] in so-called true ET, pro-
gression into MF is neglectable up to 5 years after diag-
nosis [21, 41, 64, 83]. This finding is opposed to so-called
false ET that includes cases with prefibrotic and early-
stage CIMF (table 12) when adhering to the diagnostic
guidelines of the PVSG [43, 44].

In conclusion, MF is a non-specific and concomitant
feature of the BM due to a multitude of reactive and neo-
plastic causes. To recognize dynamics of the disease pro-
cess and effects of therapy, an easily reproducible semi-
quantitative scoring system has been proposed. The clin-
ical diagnosis of MMM does not include initial-early
reticulin MF and therefore fails to detect prodromal le-
sions of CIMEF.
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