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Abstract. Preoperative chemotherapy is an integral part
of the management of osteosarcoma, and the extent of
tumour necrosis found at operation is an important
prognostic variable. Knowledge about spontaneous, pre-
therapy necrosis is difficult to obtain but provides im-
portant quantitative information about the necrotic ef-
fect of chemotherapy. Using three different methods,
we studied spontaneous tumour necrosis in 20 localized
intramedullary osteosarcomas of the distal femur diag-
nosed between 1963 and 1972. All patients received sur-
gical treatment only. All six patients with spontaneous
necrosis involving more than 20% of tumour died. Five
of 14 patients with necrosis amounting to less than 20%
were long-term, disease-free survivors. The extent of ne-
crosis was independent of tumour size. Two semiquanti-
tative methods of evaluation were easily applied and
reproducible. Spontaneous necrosis in untreated osteo-
sarcomas occurs frequently ; extensive necrosis may indi-
cate a rapid clinical course. Tumour necrosis can be
quantified reliably in clinical work.
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Introduction

Tumour necrosis resulting from preoperative chemother-
apy is a recognized prognostic determinant in osteosar-
coma. A statistically significant relationship exists be-
tween the extent of postchemotherapy necrosis, mea-
sured in percentage of necrotic tumour mass, and post-
operative survival (Raymond et al. 1987; Rosen et al.
1979). Sequential angiography and magnetic resonance
imaging before and during preoperative chemotherapy,
by providing a record of changes in neoplastic angiogen-
esis, have proved useful, if indirect, measures of the re-
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sponse of the tumour to preoperative chemotherapy
(Kumpan et al. 1986; Pan et al. 1990). The underlying
assumption is that untreated primary osteosarcoma is,
to a great extent, composed of viable tumour cells. In
malignant tumours in general, the relative volume of
spontaneous necrosis is considered to be an expression
of a given tumour’s growth rate and thus its biological
aggressiveness. A highly necrotic osteosarcoma would
be expected to spread earlier, independent of other clini-
copathological variables, than a largely viable tumour.
Knowledge about the extent of pretreatment necrosis
in a given tumour would influence the appraisal of the
effects of chemotherapy. Data on prechemotherapy ne-
crosis can clearly be obtained only by indirect means,
not by a thorough histopathological evaluation in any
way comparable to the work-up of resection specimens.

We studied 20 preoperatively untreated high-grade
intramedullary osteosarcomas of the distal femur seen
at the Mayo Clinic between 1963 and 1972 in order
to map the extent of spontaneous necrosis and analyse
the relationship between the extent of necrosis and clini-
cal outcome. We compared methods for the evaluation
of tumour necrosis.

Materials and methods

Twenty patients with high-grade intramedullary osteosarcoma lo-
calized to the distal femur at the time of diagnosis were included
in the study. Their ages ranged from 10 to 51 years (mean 16 years).
No patient received preoperative or postoperative radiation or che-
motherapy. With the exception of sections taken at the time of
initial diagnosis, the entire tumour tissue from all patients was
preserved in formalin and available for analysis.

The gross specimens were processed as follows: a 3 mm slice
of the entire specimen parallel to the initial plane of sectioning
was obtained with a band saw, every attempt being made to include
the largest diameter of tumour as well as the greater of the two
minor axes. This slice was placed in a transparent plastic envelope
and photocopied. This photocopy was used as a template to iden-
tify the location of each section of tumour submitted for routine
tissue processing. Between seven and 20 (mean 13) slides stained
with haematoxylin and eosin were made from each tumour.
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During microscopic review, areas of viable and nonviable tu-
mour were outlined with a marking pen on the glass slide, the
slide was photographed, and the print was enlarged threefold.
Three methods of evaluation were used. Method 1 used an XY-
plotter (HI-PAD Digitizer; Houston Instruments, Austin, Tex.) and
an IBM PC-XT microcomputer to evaluate and calculate areas
of viable and necrotic tumour on each photograph. In method 2,
a stereological assessment of viable and necrotic areas was obtained
by placing a grid over the enlarged prints and using point counting
with a manual haematology cell counter. In method 3, microscopi-
cal estimate of the relative area of necrosis on each slide was made,
without the aid of other techniques. The results of methods 1 and
2 were expressed as percentages, by area, of necrotic tumour. The
microscopic estimation of necrosis (method 3) was expressed in
two ways: as grades of necrosis, slightly modified from other au-
thors (Rosen etal. 1979; Salzer-Kuntschik et al. 1983a,b) —
grade 1, little or no necrosis; grade 2A, less than 50% necrosis
by area: grade 2B, 50-95% necrosis; grade 3, more than 95%;
grade 4, no viable tumour identified — and as a composite percent-
age. Method 3 was applied at the time of microscopic review and
without knowledge of the results from the other two methods.

Necrosis was defined as the absence of viable tumour cells.
Loss of viability denoted the failure of tumour cell nuclei to take
up the haematoxylin stain. Thus defined, necrosis may be repre-
sented by eosinophilic coagulative necrosis of the tumour (Fig. 1).
Haemorrhagic necrosis (Fig. 2) constituted another pattern of via-
bility loss. A third pattern showed preservation of architecture,
including tumour cell boundaries. Here, cytoplasm and, in particu-
lar, nuclei were discerned as eosinophilic sithouettes or *“ghosts”.
Mere smudging or distortion of nuclei (Fig. 3) did not constitute
necrosis. The tumours were staged according to the Musculoskele-
tal Tumor Society (Enneking 1988). Follow-up information was
obtained from the patients’ Mayo Clinic charts.
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Fig. 1. Coagulative necrosis in high-grade osteosarcoma. Necrotic
tumour surrounding a bony trabecula. (Haematoxylin and eosin,
x 250)
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Fig. 2. Haemorrhagic necrosis. Viable tumour cells in lower half
of photomicrograph. (Haematoxylin and eosin, x 250)
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Fig. 3. Viable tumour. Indistinct and distorted tumour cell nuclei
with smudged chromatin. An identical histological appearance may

result from chemotherapy. (Haematoxylin and eosin, x 250)
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Table 1. Clinical and pathological characteristics of 20 patients with osteosarcoma of the distal femur

Patient  Age Tumour  Osteo- Stage®  Follow (months)e  Necrosis (%) Necrosis grade
no. (years/sex)  size sarcoma up (microscopic
(cm) type?® Digitizing  Point Microscopic estimate)®
pad counting  estimate
1 10/M 1" o 1B DOD 28 | 1 <1 2A
2 20/F 12 o IIB DOD 17 36 33 22 2A
3 11/M 6 O ITIA DOD 9 38 39 31 2A
4 13/F 8.5 O IIB NED 122 2 2 2 2A
5 14/F 8.5 0] ITA DOD 11 2 2 2 2A
6 11/M 12 O 1B NED 150 5 5 10 2A
7 16/M 10 T 1B DOD 11 12 12 10 2A
8 16/F 6.5 (0] ITA NED 117 1 1 <1 2A
9 17/F 10 (¢] IIB DOD 6 42 41 18 2A
10 14/M 8 F IIB DOD 7 13 12 1 2A
1 17/F 10.5 C IIB NED 183 0 0 0 1
12 12/M 8 O IIB DOD 8 69 67 41 2B
13 14/F 9 6] IIB DOD 5 0 0 0 1
14 16/M 9 o IIB DOD 6 3 2 <1 2A
15 11/F 16 o IIB NED 159 19 19 1 2A
16 18/M 8 0O IIB DOD 45 2 2 1 2A
17 51/F 8 o I1B DOD 44 25 21 10 2A
18 15/M 14.5 T IIB DOD 6 49 50 62 2B
19 10/F 1 C 1B DOD 17 0 0 0 1
20 10/M 8.5 o IIB DOD 14 3 3 0 1

No patient received chemotherapy or radiation

2 C,Chondroblastic; F,fibroblastic; O, osteoblastic; T, telangiectatic
b Stage IIA, Localized high-grade tumour without cortical break-
through; stage IIB, localized high-grade tumour with cortical
breakthrough
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Fig. 4. Necrosis (%) in osteosarcoma tissue measured by method 1
(digitizing pad), y-axis, and method 2 (point counting), x-axis. r=
0.998, P<0.0001

Results

Table 1 shows the clinical variables for each of the 20 pa-
tients as well as results of measurement of tumour necro-
sis. There was a close correlation between values for
necrosis derived by methods 1 and 2 (Fig. 4). The results
of microscopic estimation of necrosis, although signifi-
cantly correlated with the results of the other two meth-

% Necrosis

¢ DOD, Died of osteosarcoma; NED, no evidence of disease
4 Grade 1, Little or no necrosis; grade 2A, necrosis <50% ; grade
2B, 50-95%; grade 3, >95%; grade 4, no viable tumour

l | 1 | | |
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Fig. 5. Necrosis (%) in osteosarcoma tissue measured by method 1
(digitizing pad), y-axis, and method 3 (microscopic. estimate), x-
axis. r=0,88, P<0.001. Values from method 3 were significantly
lower than from method 1, P<0.05

ods (e.g. method 1), did not correlate as clearly as meth-
ods 1 and 2 did with each other (Fig. 5). Values from
method 3 were generally lower than from method 1.
There was no relationship between the extent of necrosis,
as determined by any of the methods, and tumour diam-
eter (Fig. 6).

Six tumours showed greater than 20% necrosis (range
25-67%; mean 43%). All six patients died of their dis-
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Fig. 6. Necrosis (%) in osteosarcoma tissue measured by method 1
(digitizing pad), y-axis, and tumor size, x-axis. r=0.12, P>0.05
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Fig. 7. Percentage alive by time (months) after treatment for pa-
tients with <20% necrosis and with >20% necrosis. Rank-sum
test, P=0.07

ease 6-44 months (mean 15 months) postdiagnosis.
Fourteen patients had less than 20% necrosis in their
tumours (range 0-19% ; mean 4%). Nine of these 14 pa-
tients (64%) died of disease 5-45 months (mean
16 months) postdiagnosis. The remaining five living pa-
tients had a mean observation period of 146 months
(range 117-183 months). The overall difference in sur-
vival (Fig. 7) was marked: at 2 years, 17% of the high-
necrosis and 50% of the low-necrosis patients were alive.
Statistical testing by the rank-sum test, however, resulted
in a P value of only 0.07.

Discussion

Postchemotherapy necrosis in conventional high-grade
osteosarcomas is an important prognosticator of biolog-
ical behaviour. The extent of postchemotherapy necrosis
in a surgically removed primary tumour is considered
to be indicative of a particular patient’s responsiveness

to a particular chemotherapeutic regimen (Rosen et al.
1982, 1984). Raymond and colleagues (1987) found that,
of several contributing clinicopathological determinants,
tissue necrosis was the single most significant predictor
of prognosis in a given patient. This interdependence
of necrosis in the primary tumour and prognosis appears
to hold true even if metastases show less necrosis than,
or a cellular composition different from, the primary
tumour (Nachman et al. 1987; Roessner et al. 1984).

Little attention has been paid to the presence, extent,
and biological significance of spontaneous, pretreatment
necrosis in osteosarcomas. A positive correlation be-
tween spontaneous necrosis and survival would tend to
diminish the favourable prognostic impact of postche-
motherapy necrosis, thus weakening the arguments in
favour of presurgical chemotherapy. However, if sponta-
neous necrosis adversely affected the prognosis, then
that would strengthen the arguments in support of pre-
operative chemotherapy, indicating that chemotherapy
not only overcomes the unfavourable effect of necrosis
but also possesses an additional definitive therapeutic
effect. This is what we found in this study.

Three recent histopathological studies have addressed
spontaneous necrosis in osteosarcoma. Misdorp and col-
leagues (1988) analysed 44 patients with osteosarcomas
of various bones. Their findings in untreated patients
differed from ours in that only 12 out of 22 untreated
patients (55%) had less than 50% necrosis, a figure sig-
nificantly lower than ours, even if their methodology
was somewhat different. Their study, however, differed
from ours because half of their patients had tumours
in sites other than the distal femur. Von Hochstetter
(1990) investigated 15 high-grade and low-grade osteo-
sarcomas of various bones and reported results compa-
rable to ours, including the observation that the extent
of necrosis was independent of tumour size. Springfield
and co-workers (1991) reported their findings of sponta-
neous necrosis in 76 osteosarcomas of various sites. They
included all histological subtypes and grades except the
telangiectatic variety. Almost half (45%) of the lesions
did not show evidence of spontaneous necrosis, a mark-
edly higher proportion of non-necrotic tumours than
we and the two other studies found. Variations in sub-
types, sites, and grades of their tumours probably ac-
count for this difference. Sixty-two of their patients re-
ceived postoperative chemotherapy. Thus, none of these
three studies specifically addressed the biological signifi-
cance of spontaneous necrosis.

Our results indicate that spontaneous necrosis in
high-grade osteosarcomas portends a rapid clinical
course. By selecting a group of patients with tumours
of the distal femur only and by including only those
with ““conventional” osteosarcomas in the Dahlin classi-
fication (Dahlin and Unni 1986) in stages IIA and IIB
(Enneking 1988), we tried to exclude as many confound-
ing variables as possible. The fact that tumour diameter
did not correlate with extent of necrosis indicates that
necrosis operates as an independent variable in progno-
sis. The biological predictive value of necrosis, irrespec-
tive of tumour size, also holds true for sarcomas of soft
tissue (Costa et al. 1984). Detailed histopathological ex-



amination of tumours before chemotherapy is impossi-
ble. Even if the histological appearances in pre- and
postchemotherapy tumours differ somewhat (Misdorp
1986; Picci et al. 1985; Raymond et al. 1987), these dif-
ferences are nonspecific and permit no reliable quantifi-
cation of, or discrimination between, the two types of
necrosis, even by experienced bone pathologists (Fig. 3).
Other, and indirect, modalities, including angiography
(Carrasco et al. 1987; Kumpan et al. 1986) and magnetic
resonance imaging (Pan et al. 1990; Sanchez et al. 1990),
are needed.

There was good general agreement between our two
semiquantitative and reproducible methods of mapping
necrosis. Either point counting or digital pad methodo-
logy is well suited to pathological study. It appears that
the third approach, a simple histological estimate of the
relative area of necrosis, is less reliable, even at an insti-
tution with considerable experience in the diagnosis and
treatment of malignant bone tumours.

We conclude that spontaneous necrosis in intrame-
dullary high-grade osteosarcomas occurs frequently, is
independent of tumour size, and is significantly less ex-
tensive than necrosis found in tumours subjected to pre-
operative chemotherapy. Osteosarcomas with significant
spontaneous tumour necrosis may be expected to grow
faster and disseminate sooner than osteosarcomas with
small areas of spontaneous tumour necrosis. Spontane-
ous tumour necrosis may be rapidly and reproducibly
assessed by either point counting or digitized computer
pad; simple histological assessment based on slide re-
views alone are less reproducible and less predictive of
biological behavior than the first two methods.
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