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Spontaneous necrosis in osteosarcomas
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Summary. In the treatment of osteosarcoma pre-opera-
tive chemotherapy has assumed considerable importance
in helping improve survival, and enabling limb-sparing
procedures. The quantitative assessment of tumour ne-
crosis in the resected specimen by morphological means
has become a significant step in judging therapeutic re-
sponse and in helping determine post-operative manage-
ment. Different systems of grading tumour regression
have been proposed. Little is known, however, about
the morphology or degree of spontaneous necrosis in
osteosarcomas, in particular to what extent necrosis can
be considered to be due to cytotoxic treatment. For this
purpose, 13 osteosarcomas, taken from patients treated
by surgery alonge, were examined by the same method
we routinely employ in assessing chemotherapeutic re-
sponse. The results demonstrate that the extent of spon-
taneous necrosis does not approach that achieved in re-
sponse to chemotherapy. Sub-total necrosis may be due
to spontaneous regression, inadequate therapeutic re-
sponse, or to a combination of both. Hence, only two
categories of response, good and poor, appear relevant
and these terms should be used in preference to good,
intermediate and poor.

Key words: Osteosarcoma — Necrosis — Surgery, opera-
tive — Drug therapy, chemotherapy

Introduction

In the treatment of osteosarcoma pre-operative chemo-
therapy has gained considerable importance in helping
improve survival and enabling limb-sparing procedures
(Eilber etal. 1984; von Hochstetter, in preparation;
Lane et al. 1986; Rosen 1986; Winkler et al. 1986). Its
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effectiveness, judged first by the clinical response, is as-
sessed later by the extent of tumour destruction in the
resected specimen (Honegger et al. 1984). The measure-
ment of tumour necrosis by morphological means has
come to play a significant part in judging therapeutic
response and thus in helping to determine post-operative
management (Honegger et al. 1984; Lane et al. 1986;
Rosen et al. 1979; Winkler et al. 1986). While the aim
of effective therapy remains total tumour necrosis, the
response may be sub-total or less than this. In these
circumstances it is not known to what extent tumour
necrosis is due to treatment or to spontaneous events.
Very little, in fact, is known about the extent of sponta-
neous necrosis in osteosarcoma, all the more as it is
increasingly difficult to obtain entire specimens that have
not been exposed to adjuvant treatment. Hence, we sub-
jected 13 specimens of osteosarcoma of the extremities
treated by surgical means alone to the same procedure
of quantifying necrosis that we use routinely on speci-
mens from our patients treated by pre-operative chemo-
therapy.

Materials and methods

Our osteosarcomas were taken from our collection of wet speci-
mens, preserved over many years in fixative. Clinical information
in all cases indicated that there had been no adjuvant therapy.
The quality of tissue preservation was excellent.

Our method of assessing the degree of tumour destruction by
light microscopic means has been described elsewhere (von Hoch-
stetter et al. 1983; Honegger et al. 1984). Essentially, an entire
cross-sectional tumour surface is screened at low to medium magni-
fication and the amount of necrosis in each visual field plotted
on a grid overlying a polaroid composite photomosaic which repro-
duces the topography of the specimen.

Several systems of classifying the amount of necrosis have been
described (Fig. 1). Ours uses the original categories of “absent,
partial, predominant, and total tissue necrosis”, defining the two
middle categories as necrosis of less and of more than 50% of
the tumour cell population per visual field. The resultant figures
express the percentage of the cross-sectional tumour surface that
is totally or largely necrotic, or vital (Figs. 2, 3).
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Fig. 2. Nineteen-year-old male. Osteosarcoma of the tibia. In all,
34% of the tumour surface is totally or largely necrotic. These
zones are located centrally, about the epicentre of the tumour

Results

Our specimens were derived from eight male and five
female patients, aged 9-31 years, with an average and
median of 17 years. Five tumours each were located in
the femur and tibia, two in the humerus, and one in
the fibula. There was one parosteal and one periosteal
osteosarcoma, both in the distal femur. The tumour in
the fibula was of the telangiectatic type.

Histologically, there were eight osteoblastic tumours,
one of which was largely telangiectatic in appearance.
Three were chondroblastic, including the periosteal le-
sion, and two other were largely fibroblastic, including

Fig. 3. Sixteen-year-old male. Osteosarcoma of the distal femur
in a typical excentric location. Zones of total or predominant ne-
crosis are located near the epicentre of the tumour, about the meta-
physeal cortex
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Fig. 4. Tumour diameter vs spontaneous necrosis in ten osteosarco-
mas. Periosteal, parosteal and telangiectatic forms are not included
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Fig. 5A, B. Tumour necrosis in osteosarcoma treated by surgery
alone. A Coagulation type: eosinophilic mass lacking structure;
B depopulation type: structural elements remain but cellular popu-

lation has disappeared. Note that the fat cells are not necrotic.
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the parosteal tumour. The diameters ranged from 5 to
18.5 cm, with an average and median of about 9 cm.
The extent of necrosis was not found to relate to diame-
ter, even when the variant forms were excluded (Fig. 4).
Necrosis was about equally of the coagulation and depo-
pulation types (Fig. 5). The type of necrosis did not cor-
relate with a particular histological type, but rather with
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the amount of intercellular substance present: densely
cellular areas displayed coagulation necrosis, while those
rich in fibres, osteoid or bone manifested depopulation.
Necrosis was more pronounced in central portions of
the tumour (Figs. 1, 2), regardless of whether the epi-
centre lay centrally or excentrically in relation to the
topography of the bone.

In all tumours considered, necrosis ranged from 0
to 37% of cross-sectional tumour surface (Fig. 6). In
the group of osteoblastic tumours the median was 19%,
the average 18%. Spontaneous necrosis in endosteal/
central osteosarcoma averages around 20%. In compari-
son, a series of tumours from patients who had under-
gone pre-operative chemotherapy manifested an average
extent of necrosis just over 70%, with a median in the
osteoblastic group of 90% (Fig. 6) (von Hochstetter, in
preparation).

Discussion

Several methods of evaluating treatment response mor-
phologically in osteosarcomas have been proposed (Aya-
la et al. 1980; von Hochstetter et al. 1983; Huvos et al.
1977; Salzer-Kuntschik et al. 1983). Common to all is
the attempt to assess the amount of necrosis in the re-
sected lesion. They differ in method, terminology and
precision. We have found it impossible in practice to
discern intermediate measures of necrosis (e.g. 30%,
40%, 60%) with any degree of assurance. Our method
has the advantage of establishing four easily applicable
categories expressing percentage of total tumour surface
that is largely necrotic or largely vital.

The results on 13 osteosarcomas treated by surgery
alone reveal a far lesser degree of necrosis than we have
found in our patients treated with adjuvant chemothera-
py. In the central tumours, largely necrotic areas covered
about 20% of the cross-sectional surfaces. The greatest
single figure was 37%, whereas one tumour was essen-
tially vital throughout. Whether the amount of necrosis
depends on the histological type is questionable. In par-
ticular, two chondroblastic tumours were more necrotic
than the average. The parosteal fibroblastic tumour was

Topography Histo- Control group Chemotherapy
logical (N=13) Group (N=21)
type
N - % Necrosis * N % Necrosis *
Endosteal 13 18 18 72
Osteo 7 18 (19/0-35) 73 (90/16-100)
Chondro 2 20 (3-37) 75 (46-84)
Fibro 1 17 67 (67/37-100)
Telang 1 22 ?
Periosteal Chondro 1 25 1 26
Parosteal Fibro 1 6 2 30 (12-48)

* Figures in parentheses are: mean/range

Fig. 6. Results of semiquantitative assessment of tumour necrosis in 13 osteosarcomas
treated by surgery alone in comparison with 21 tumours from patients treated with pre-

operative chemotherapy (3)



well below average, however, possibly due to fewer vas-
cular accidents during the slow growth of such lesions.

To our knowledge, only one other study has reported
on spontaneous necrosis in osteosarcomas of the extrem-
ities (Misdorp 1986). The results were generally higher,
ranging from 10% to 90% with an average of 50%,
but unfortunately neither methodology nor histological
subtypes are described.

The tendency for central regions to become devita-
lized is in keeping with necrosis in other malignant tu-
mours and probably relates to the mechanisms of vascu-
lar supply. That the same configuration, although great-
ly increased in extent, is found in tumours following
chemotherapy, cannot be explained on grounds of vas-
cular supply alone since exposure to cytostatic sub-
stances should be less in the central portions of the tu-
mours. (Picci et al. 1986; von Hochstetter, in prepara-
tion).

The long-term results of several groups of clinical
researchers have shown that the watershed between a
good and a lesser response is around 90% necrosis (Ro-
sen 1986; Picci et al. 1988; von Hochstetter, in prepara-
tion). Since spontaneous necrosis can account for devita-
lization covering about half the cross-sectional tumour
surface, a category for an intermediate response, e.g.
60-90%, appears superfluous. On morphological
grounds, response to treatment can be considered either
manifest (>90%) or not.
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