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Stromal changes in leukaemic and related bone
marrow proliferations

N. G. SANERKIN
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Carddff, Wales

SYNOPSIS The stromal structure of the bone marrow was studied in 96 cases of leukaemia and
related disorders.
The reticulin stroma forms an integral component of any given marrow proliferation and may

often be increased in amount, sometimes normal, and occasionally decreased. The pattern is often
indeterminate but certain distinguishable patterns may be found, including a sinusoidal pattern in
myelofibrotic chronic myeloses, a pattern characterized by an abundance of hyperplastic capillaries
and arterioles often seen in lymphoid leukaemias, and one with irregular focal reticulin proliferation
in many acute undifferentiated leukaemias.

Adventitious collagen fibres are demonstrable in about half of all myeloses, acute and chronic,
leukaemic and aleukaemic, and may be diffuse or focal. They apparently develop from thickening
and collapse and condensation of the basic reticulin network, not from any primary fibroblastic
proliferation. The development of fibrosis does not denote an aetiological relationship between the
conditions in which it occurs, since it appears to be a non-specific sequel to marrow exhaustion
and marrow necrosis. There is no justification for the diagnosis of acute or 'malignant' myelofibrosis
as a disease entity in cases of acute leukaemia with marrow fibrosis.

Osteolytic change due to resorption of bony trabeculae is a common event in all the conditions
studied and may be accompanied by remoulding of the eroded trabeculae. Fibre bone formation
is found in about 15 % of cases, including acute lymphoblastic leukaemias and acute undifferentiated
leukaemias, but is extensive and well-developed only in cases of primary myelofibrosis.

An increase in marrow reticulin has long been
recognized in primary myelofibrosis, but until
recently (Burston and Pinniger, 1963) little was
known about the reticulin structure of leukaemic
marrows despite Masugi's contribution in 1926.
Following a paper by Hutt, Smith, Clark, and
Pinniger (1952) on the value of rib biopsy in the
diagnosis of marrow disorders, there has been a
tendency to accept an increase in marrow reticulin
as evidence of myelofibrosis. Similarly, there has
been a tendency to diagnose as 'acute myelofibrosis'
cases of acute leukaemia with brisk reticulin and
early collagen production. Two such cases were so
diagnosed in our own necropsy records, and such a
diagnosis may be further encouraged by the recent
paper by Lewis and Szur (1963) who described
'malignant myelosclerosis' as a disease entity, an
acute variant of 'chronic myelosclerosis'.

This study was undertaken to determine the
Received for publication 16 December 1963.

incidence of stromal changes in the bone marrow in
leukaemias and related disorders, in an effort to
assess their significance in relation to the problem
of myelofibrosis.

MATERIAL

In the necropsy records of the Department of
Pathology, University of Bristol, 96 cases of
leukaemia, polycythaemia vera, and primary myelo-
fibrosis were found with suitable blocks from the
bone marrow. These included 17 cases of acute
myeloblastic leukaemia, 19 of acute undifferentiated
leucoblastic leukaemia, 21 of acute lymphoblastic
leukaemia, one ofchloroma (chloromyeloleukaemia),
five of monocytic leukaemia, 10 of chronic myelo-
cytic leukaemia, 10 of chronic lymphocytic leuk-
aemia, five of polycythaemia vera, and eight of
primary myelofibrosis.

Sections at 5,u were stained for collagen fibres
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with haematoxylin and Van Gieson's stain and for
reticulin fibrils by Gordon and Sweet's silver
impregnation method.

DEFINITIONS

In this paper the term 'myelofibrosis' is used to
denote the presence of adventitious fibrous tissue in
the bone marrow, whether diffuse or focal, 'primary',
or secondary. The term 'primary myelofibrosis' is
used in the accepted manner to describe the clinico-
pathological syndrome in which there is slowly
progressive splenomegaly, a leucoerythroblastic
blood picture, and replacement of bone marrow by
fibrous tissue with or without osseous proliferation.

It is proposed to employ the term 'myelophthisis'
or 'marrow exhaustion' to describe haemopoietic
cell depletion or depopulation in a previously active
marrow.

'Myelonecrosis' is used as defined by Peace (1953)
to describe identifiable necrosis of haemopoietic
cells.

RESULTS

MARROW CELLULARITY Varying degrees of leuk-
aemic cell depletion or myelophthisis can be seen in
a substantial majority of these conditions. It may be
focal and patchy, as often in the acute leukaemias,
or may tend to be extensive and diffuse as in cases
of chronic myelocytic leukaemia, polycythaemia
vera, and primary myelofibrosis. Chronic myelo-
phthisic states, whatever the nature of the ante-
cedent marrow proliferation, showed a consistent
picture with hypocellularity and fibrosis. A variable
degree of myelophthisis and occasionally of myelo-
necrosis was present in acute leukaemias, most
prominently in undifferentiated ones, in many of
which it was associated with the development of
young fibrous tissue.

In areas of marrow fibrosis, focal or diffuse, it was
difficult to identify typical fibroblasts with any
degree of certainty. Cells with elongated or rod-like
nuclei were often scattered about in such areas but
they could well be reticulo-endothelial rather than
fibroblastic in nature.

RETICULIN FIBRILS An increase in reticulin fibrils
can be found in all these conditions. A very brisk
increase was present in all cases of primary myelo-
fibrosis (Fig. 1), in some cases of chronic myelocytic
leukaemia (Fig. 2) and polycythaemia vera, and in
some acute leukaemias (Figs. 3, 4, 5). Lesser degrees
of reticulin increase, varying from slight to consider-
able, were commonly present in most others,
although in some cases the reticulin was normal and
in a few definitely decreased in amount.

A basic stellate reticulin network, whether
increased in amount or not, would appear to be an
intrinsic component of all these proliferations. The
component fibrils may be fine or coarse. Coarse
reticulin fibrils have been described as 'fibroblastic'
by Burston and Pinniger (1963) since they represent
immature collagen fibres still retaining their argyro-
philia. Although such coarse fibrils are an invariable
feature of chronic myelofibrotic marrows (Figs. 1, 2),
they may also be found in fairly cellular leukaemias
(Figs. 4, 5) showing only occasional random fine
collagen fibres, and may be absent in foci of acute
myelophthisis with fibrosis. These coarse argyro-
philic fibrils and the collagen fibres resulting there-
from appear to develop from a progressive thickening
of the basic reticulin network and not from any
fibroblastic activity. In leukaemias with focal
myelophthisis and fibrosis, the basic reticulin
network, whether fine or coarse, loses its stellate
arrangement, its fibrils become condensed, approxi-
mated, wavy and parallel to one another (Figs. 5, 6).
Simultaneously, an extremely fine tufted closely-
knit meshwork may appear between the collapsed
fibrils, cementing the latter to one another. This is
probably due to condensation of the finest reticulin
fibrils which may not ordinarily be discernible
before collapse and condensation. These alterations
in the reticulin network are clearly a passive sequel
to the partial disappearance of pre-existing leuk-
aemic cells from the interstices of the basic reticulin
framework.
The reticulin pattern in these conditions tends to

be indeterminate with certain interesting excep-
tions. In primary myelofibrosis and in many cases of
chronic myelocytic leukaemia and polycythaemia
vera, a remarkable feature is not merely the brisk
increase in reticulin fibrils but the presence of a
prominent sinusoidal vascular pattern (Figs. 1, 8),
although this may become less obtrusive in occa-
sional cases showing advanced fibrosis. A rather
distinctive reticulin pattern is often seen in lymphoid
leukaemias, both acute and chronic, and sometimes
in acute non-lymphoid leukaemias as well, in which
multiple, tiny, punched-out holes are interspersed
among the reticulin fibrils (Fig. 7), reflecting an
abundance of hyperplastic capillaries and arterioles.
A patchy irregular distribution of reticulin, when
found, is highly suggestive of acute undifferentiated
leukaemia since in many of these the reticulin fibrils,
like the leukaemic tissue, may be confined to
irregular foci.

COLLAGEN FIBRES Adventitious collagen fibres can
be found in over 50% of these cases. Fibrous tissue
tends to be diffuse and extensive in all cases of
primary myelofibrosis and in many cases of chronic
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FI. 1. FIG. J2._'
FIG. 1. FIG. 2.

FIG. 1. Reticulin pattern in primary myelofibrosis. Brisk reticulin production; prominent sinusoidal vascular system.
Silver impregnation for reticulin. x 120.
FIG. 2. Brisk reticulin formation in a case of chronic myelotic leukaemia with advanced fibrosis; sinusoidal system
largely obliterated. Retic. x 120.

FIG. 3. FIG. 4.
FIG. 3. Focal reticulin proliferation in a case of acute undifferentiated leukaemia. Retic. x 120.
FIG. 4. Brisk reticulin formation in cellular area in chloroma. Compare Fig. 6 showing reticulin pattern in myelophthisic
area in same case. Retic. x 475.
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FIG. 5. FIG. 6.

FIG. 5. Brisk reticulin formation in monocytic leukaemia. At the top is a zone with condensation and approximation of
reticulin fibrils and early fibrous tissue formation. Retic. x 120.
FIG. 6. Reticulin pattern in myelophthisic area in chloroma, showing collapse and condensation of reticulin fibrils.
Compare Fig. 4 showing reticulin pattern in cellular area in iame case. Retic. x 475.
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FIG. 7. FIG. 8.

FIG. 7. Reticulin pattern common in lymphoid leukaemias, also seen in some acute leukaemias. Punched-out holes
interspersed among the reticulin fibrils represent the abundant hyperplastic capillaries and arterioles. Retic. x 86.
FTG. 8. Abundantfibre boneformation in primary myelofibrosis. Note prominent sinusoidal vascular pattern. Retic. x 42.
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FIG. 9. Early fibre bone formation in a focus of myelo-
phthisis and fibrosis in acute undifferentiated leukaemia.
At the bottom there is a fine, closely-knit meshwork of
reticulin fibrils with only occasional coarse reticulin
strands. Retic. x 475.

myelocytic leukaemia and polycythaemia vera. In
these, the collagen fibres are arranged as confluent,
elongated, fine, wavy fibres, usually running parallel
to one another in the intersinusoidal tissue and
linking up with the peritrabecular and periarterial
fibrous tissue. In a few of these cases the fibrosis
becomes very dense. Less prominent confluent fine
fibrosis can be seen in many cases ofacute leukaemia
of all types as well as in chronic lymphocytic
leukaemia. As mentioned in the account of reticulin
fibrils, these elongated parallel wavy collagen fibres
appear to develop from progressive thickening of the
basic argyrophilic reticulum. Focal collagen form-
ation occurs in foci of myelophthisis in many acute
undifferentiated leukaemias, in which young collagen
fibres tend to form an irregular, ill-defined, tangled
skein (Fig. 9), and in many acute and chronic
lymphoid leukaemias, in which collagen develops in
discrete clumps, small and rounded, fairly sharply
circumscribed. Somewhat similar circumscribed

deposits of chunky collagen are occasionally found
in cases of acute undifferentiated leukaemia.
The development of collagenous tissue appears to

be directly proportional to the severity of marrow
exhaustion. Where the exhaustion is uniform and
diffuse, the fibrosis tends likewise to be diffuse;
where exhaustion is focal, so is the fibrosis.

OSSEOUS CHANGES Osteolytic change due to resorp-
tion of bony trabeculae is a very frequent occurrence
in all these disorders. Its existence in primary
myelofibrosis was stressed by Vaughan and Harrison
(1939). In many instances, this patchy trabecular
resorption is accompanied by remoulding of the
eroded trabeculae, sometimes producing a pattern
simulating Paget's disease of bone.

Fibre bone is found in appreciable and sometimes
excessive quantities in many cases of primary
myelofibrosis (Fig. 8). Focal fibre bone formation
(Fig. 9) is also seen in some cases of acute undifferent-
iated leukaemia, occasionally quite prominently, as
well as in cases of acute lymphoblastic leukaemia in
which it may develop in the isolated foci of chunky
collagen already described. Fibre bone was signifi-
cantly absent in cases of chronic myelocytic leuk-
aemia and polycythaemia vera, despite the close
similarities in the reticulin and collagenous structure
of these conditions to that of primary myelofibrosis
in which fibre bone formation is so common a
feature.

VASCULAR CHANGES Prominent perivascular in-
filtration by leukaemic cells can be seen in most
leukaemias, particularly in acute cases, often
disrupting the adventitial collagen, remnants of
which are displaced outwards and often undergo
reactive sclerosis and thickening. Infiltration of the
media is, however, a rare phenomenon seen in
occasional cases only.

Hyperplastic capillaries and arterioles can be
found in most leukaemias but are most abundant in
acute leukaemias and in chronic lymphocytic
leukaemia. The presence of a prominent sinusoidal
system in primary myelofibrosis, chronic myelocytic
leukaemia, and polycythaemia vera has been
referred to already.

DISCUSSION

Masugi (1926) noted an increase in reticulin fibrils
in cases of chronic myeloid leukaemia and chronic
aleukaemic myelosis although not in acute leuk-
aemias. Burston and Pinniger (1963) found increased
reticulin in most of their leukaemias, including acute
ones. The present paper broadly confirms their
findings and fully concurs with their conclusion that
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the brisk production of reticulin does not of itself
constitute sufficient evidence for making a diagnosis
of myelofibrosis, although disagreeing with them on
certain points of interpretation. They recognized
two distinct patterns of reticulin, one said to be
essentially normal since the fibrils of the network
differed in no way from those of normal bone
marrow, the other described as 'fibroblastic' due to
the presence of immature collagen still retaining its
argyrophilia. It does not, however, follow that the
reticulin pattern in a leukaemic marrow must be
'normal' because its component fibrils are identical
with those of normal marrow, any more than the
reticulin pattern of a lymphosarcomatous lymph
node is 'normal' because its fibrils may be individually
indistinguishable from those of a normal lymph
node. A basic reticulin network is present as an
integral component of all leukaemic and related
marrow proliferations and the only difference
between fine and coarse reticulin fibrils is a qualita-
tive one depending on fibril thickness, not one of
of pattern. Burston and Pinniger (1963) also postu-
lated that a fine reticulin network in the bone marrow
was a physiological response whereby the amount
of stroma varied directly with the amount of
haemopoietic tissue. This is demonstrably not the
case, since highly cellular marrows may have a
normal or decreased reticulin content. A similar
phenomenon is well recognized in reticulum-cell
sarcomata which may have exceptionally brisk or
very scanty reticulin (Marshall, 1956).

Fibrous tissue may develop in any of the leuk-
aemias and related proliferations in inverse pro-
portion to the cellularity of the marrow. The
presence of a hypercellular marrow during the
earlier stages of primary myelofibrosis has been
established by many writers (including Jackson,
Parker, and Lemon, 1940; Carpenter and Flory,
1941; Erf and Herbut, 1944; Heller, Lewisohn, and
Palin, 1947; Merskey, 1949; Block and Jacobson,
1950; Wyatt and Sommers, 1950; Peace, 1953). As
this hypercellular marrow becomes exhausted it
also becomes correspondingly fibrotic. Two possible
explanations may be put forth for this phenomenon.
First, in the progression of the disease the primitive
reticular cells, from which the marrow proliferation
primarily derives, may lose their potentiality to
produce haemopoietic cells and simultaneously
revert to a fibrogenic role, one of the properties of
reticular cells (Marshall, 1956), leading to increasing
fibrosis. Such a process undoubtedly operates in
many of the chronic myeloses, both leukaemic and
aleukaemic. The other alternative (Wyatt and
Sommers, 1950; Peace, 1953) postulates that the
common denominator of all myelofibrotic diseases
may be widespread necrosis of immature haemo-

poietic cells leading to a reparative fibrosis. The
operation of such a mechanism in chronic myelo-
phthisic states could not be substantiated by the
present study, since in such states actual cell necrosis
was impossible to demonstrate with any certainty,
even though its possibility cannot entirely be ruled
out. Its operation in acute leukaemias, however,
was amply confirmed and there can be little doubt
that this type of post-necrotic fibrosis is not un-
common in acute leukaemias showing foci of
myelophthisis or myelonecrosis. Since marrow
fibrosis, even with development of fibre bone, may
occur in acute leukaemias, there can be no justifi-
cation for the diagnosis of acute or 'malignant'
myelofibrosis (Lewis and Szur, 1963) solely upon
demonstration of increased reticulin fibrils and
collagen fibres.
The presence of myelofibrosis does not signify an

aetiological relationship between the conditions in
which it occurs, since it appears to be a non-specific
sequel to marrow exhaustion and marrow necrosis.
Similarities between chronic myelocytic leukaemia,
polycythaemia vera, and chronic aleukaemic mye-
losis may well be fortuitous, and these conditions
are probably distinct entities as maintained by
Leonard, Israels, and Wilkinson (1957) rather than
intimately related disorders as suggested, among
others, by Vaughan and Harrison (1939), Rosenthal
and Erf (1943), Heller et al. (1947), and Dameshek
(1951).
The possible role of treatment in the causation of

marrow fibrosis has long been a source of contro-
versy. Churg and Wachstein (1944) were inclined to
discount the role of radiotherapy. Leonard et al.
(1957), on the other hand, considered that marrow
fibrosis in chronic myeloid leukaemia and polycy-
thaemia vera was most probably due to irradiation.
Burston and Pinniger (1963) could not find any
correlation between their 'fibroblastic' cases and
various forms of treatment. So many of the cases of
leukaemia listed in the present series had received
some form or other of treatment that it would be
impossible accurately to assess their effect, if any,
on the development of marrow fibrosis. The
significance of myelophthisis and myelonecrosis has,
however, been stressed in relation to such fibrosis,
and any form of treatment may well accelerate if not
initiate the process of myelophthisis and myelo-
necrosis.

It is a great pleasure to express my indebtedness to
Professor T. F. Hewer, in whose Department this work
was carried out, and to Dr. D. M. D. Evans for helpful
criticism. My thanks are also due to Mr. T. A. Morris
for technical assistance and to Mr. G. F. Haddock for
help with the photography.
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