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The current College of American Pathologists cancer template for reporting biopsies of bone tumors
recommends including information that is of unproven prognostic significance for osteosarcoma, such as the
presence of spontaneous tumor necrosis and mitotic rate. Conversely, the degree of cytologic anaplasia (degree
of differentiation) is not reported in this template. This retrospective cohort study of 125 patients with high-grade
osteosarcoma was performed to evaluate the prognostic impact of these factors in diagnostic biopsy specimens
in predicting the clinical outcome and response to neoadjuvant chemotherapy. Multivariate Cox regression was
performed to adjust survival analyses for well-established prognostic factors. Multivariate logistic regression
was used to determine odds ratios for good chemotherapy response (≥90% tumor necrosis). Osteosarcomas
with severe anaplasia were independently associated with increased overall and disease-free survival, but
mitotic rate and spontaneous necrosis had no prognostic impact after controlling for other confounding factors.
Mitotic rate showed a trend towards increased odds of a good histologic response, but this effect was diminished
after controlling for other predictive factors. Neither spontaneous necrosis nor the degree of cytologic anaplasia
observed in biopsy specimens was predictive of a good response to chemotherapy. Mitotic rate and
spontaneous tumor necrosis observed in pretreatment biopsy specimens of high-grade osteosarcoma are not
strong independent prognostic factors for clinical outcome or predictors of response to neoadjuvant
chemotherapy. Therefore, reporting these parameters for osteosarcoma, as recommended in the College of
American Pathologists Bone Biopsy template, does not appear to have clinical utility. In contrast, histologic
grading schemes for osteosarcoma based on the degree of cytologic anaplasia may have independent
prognostic value and should continue to be evaluated.
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The current College of American Pathologists cancer
reporting template for biopsies of bone tumors
requires including information that is of unclear
diagnostic or prognostic significance, such as the
presence of spontaneous tumor necrosis (endogen-
ous tumor necrosis seen in cytotoxic therapy-naive

tumor samples) and mitotic rate.1 There has been
limited evaluation of the clinical significance of
these parameters in biopsy specimens obtained
before administration of cytotoxic chemotherapy.
Furthermore, the prognostic importance of cytologic
anaplasia beyond classification of osteosarcoma as
low grade (parosteal and low-grade central types),
intermediate grade (periosteal), or high grade (con-
ventional and other special types) is also
controversial.

Even if these factors provide limited prognostic
information regarding the clinical outcome, they
might be useful to predict the response to adjuvant
chemotherapy, which is arguably the most important
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prognostic factor for osteosarcoma besides the
presence of metastatic disease.2,3 Therefore, this
study was performed to determine the prognostic
impact of mitotic rate, spontaneous tumor necrosis,
and degree of cytologic anaplasia in diagnostic
biopsy specimens of high-grade osteosarcoma. In
addition, the relationships of these pathologic
characteristics to chemotherapy response were also
examined.

Materials and methods

Patients

The Surgical Pathology files at Vanderbilt University
Medical Center were searched for biopsy specimens
from patients with high-grade osteosarcoma whose
original diagnosis was made at Vanderbilt and who
subsequently received neoadjuvant chemotherapy
and underwent surgical resection between 1985 and
2010. Osteosarcomas of low (parosteal and low-grade
central osteosarcoma) or intermediate grade
(periosteal osteosarcoma) were excluded. A total of
143 cases were identified; unusual histologic types
of osteosarcoma (2 small cell osteosarcomas, 2 high-
grade surface tumors, and 1 dedifferentiated paros-
teal osteosarcoma) were excluded. Slides from eight
diagnostic biopsy specimens could not be located
and histologic response to neoadjuvant chemoth-
erapy-induced tumor necrosis could not be deter-
mined in 5 cases, leaving 125 cases for further study.
Of these, 123 were incisional biopsies and 2 were
core biopsies.

Pathology reports from both biopsy and resection
specimens were reviewed and the anatomic location
and size of the tumor, histologic diagnosis, and
subtype according to current WHO criteria,4,5
Musculoskeletal Tumor Society stage,6 and status of
surgical resection margins were recorded. All H&E-
stained slides from the biopsy specimens were
reviewed by to record the overall percent of sponta-
neous necrosis present and mitotic rate (mitotic
figures per 10 high-power fields; × 400 or
0.1734mm2). Degree of cytologic atypia/anaplasia
was scored as mild, moderate, or severe based on
nucleomegaly, nuclear hyperchromasia, and nuclear
pleomorphism according to the Mirra’s criteria.7 In
brief, tumors with mild cytologic atypia/anaplasia
were relatively monomorphic, with minimal aniso-
nucleosis and subtle nuclear irregularity requiring
examination at high power to confirm the cytologic
diagnosis of malignancy. In contrast, those with
severe cytologic atypia/anaplasia contained large
and bizarre tumor giant cells easily identified at
scanning magnification (Figure 1). Neoadjuvant
chemotherapy-induced tumor necrosis was estimated
through review of all slides from subsequent surgical
resection specimens using standard technique.8 Clin-
ical data were abstracted from electronic medical
records.

Median follow-up for censored patients was
109 months (range, 1 day–339 months). There were
54 deaths due to progressive disease, with a
median disease-specific survival of 23 months after
surgical resection (range, 3–127 months). An addi-
tional 11 patients developed metastasis, but were

Figure 1 Representative examples of osteosarcomas with (a) mild,
(b) moderate, and (c) severe cytologic anaplasia (H&E, × 200).
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alive with disease at last clinical follow-up (median
disease-free survival, 17 months; range, 1–
190 months). The study protocol was approved by
the Vanderbilt University Institutional Review Board
(#120193; 02/07/2012); a waiver of informed consent
was obtained.

Statistical Analysis

Clinicopathologic variables were compared among
study groups using standard bivariate statistical
tests; categorical variables were compared using
Fisher’s exact test and continuous variables were
compared using Student’s t-test with unequal
variances. Survival analyses were performed using
Cox proportional hazard regression. Variables other
than those of specific interest were included in
multivariate regression models if P≤ 0.1 from
univariate regressions. Logistic regression was used
to assess odds ratios for predictive variables;
those with statistically significant odds ratios in
univariate regression (P≤ 0.05) were included in a
multivariate logistic regression model. For logistic
regression, six outlier cases with mitotic rates 450
per 10 high-power fields were recoded as having 50
mitotic figures per 10 high-power fields. Variables
considered for inclusion in Cox and logistic
regression models are listed in Table 1. All tests
were two-sided with α=0.05 and all statistical
analyses were performed using Stata v13.1
(StataCorp, College Station, TX, USA).

Results

Clinicopathologic characteristics by response to
neoadjuvant chemotherapy (o90% or ≥ 90%
chemotherapy-induced tumor necrosis) are pre-
sented in Table 1. As expected, patients with good
responses tended to be younger and had tumors
involving the appendicular skeleton. Advanced
tumor stage and non-osteoblastic tumors also
showed trends towards decreased histologic
response to chemotherapy. Poorly responsive tumors
were incompletely resected significantly more often
than those with a good histologic response. In
addition, tumors with higher mitotic rates were also
associated with good histologic response. Cytologic
anaplasia and spontaneous necrosis were not asso-
ciated with good histologic response in standard
bivariate statistical tests.

The percentage of chemotherapy-induced tumor
necrosis (evaluated as a continuous variable) was not
significantly different among tumors with varying
degrees of cytologic anaplasia (ANOVA, F=0.51;
P=0.60). Correlation analysis further showed a
positive relationship between mitotic rate and extent
of chemotherapy-induced tumor necrosis (Kendall’s
τA=0.175; P=0.003). Similar analyses failed to
demonstrate correlations between extents of sponta-
neous and chemotherapy-induced tumor necrosis

(Kendall’s τA=0.049; P=0.38) or spontaneous tumor
necrosis and mitotic rate (Kendall’s τA=0.015;
P=0.79).

Survival Analysis

In univariate Cox regression models, advanced
Musculoskeletal Tumor Society stage, poor histolo-
gic response to chemotherapy, increasing tumor size,

Table 1 Clinicopathologic characteristics of the study cohort by
histologic response to chemotherapya

All cases
(N=125)

Good
response
(N=79)

Poor
response
(N=46) P-value

Age (years)b 22±13 19±11 26±14 0.013

Sex 0.46
Male 71 47 (66%) 24 (34%)
Female 54 32 (59%) 22 (41%)

MSTS stagec 0.10
Stage IIa 18 13 (72%) 5 (28%)
Stage IIb 89 58 (65%) 31 (35%)
Stage III 16 6 (38%) 10 (62%)

Tumor size (cm)b 10.2± 5.6 9.9 ± 5.3 10.8± 6.0 0.42

Anatomic site 0.001
Appendicular 111 76 (68%) 35 (32%)
Axial 3 1 (33%) 2 (67%)
Pelvic/scapular 8 2 (25%) 6 (75%)
Craniofacial 3 0 (0%) 3 (100%)

Surgical resection
margins

0.003

Negative 108 74 (69%) 34 (31%)
Positive 17 5 (29%) 12 (71%)

Histologic type 0.12
Osteoblastic 54 40 (74%) 14 (26%)
Chondroblastic 25 13 (52%) 12 (48%)
Fibroblastic 39 23 (59%) 16 (41%)
Telangiectatic 7 3 (43%) 4 (57%)

Secondary
osteosarcoma

0.71

No 118 75 (64%) 43 (36%)
Yes 7 4 (57%) 3 (43%)

Cytologic anaplasia 0.31
Mild 39 23 (59%) 16 (41%)
Moderate 67 41 (61%) 26 (39%)
Severe 19 15 (79%) 4 (21%)

Mitotic rate
(per 10 hpf)b

16±27 19±32 9±14 0.019

Spontaneous
necrosis (%)b

19±28 19±29 19±27 0.93

Abbreviations: hpf, high-power field; MSTS, Musculoskeletal Tumor
Society.
aGood response, ≥ 90% tumor necrosis; poor response, o90% tumor
necrosis.
bMean± s.d. are shown for continuous variables.
cMusculoskeletal Tumor Society tumor stage could not be determined
for two cases.
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non-appendicular anatomic location, positive surgi-
cal resection margins, and the telangiectatic subtype
of osteosarcoma were associated with increased
hazard ratios for both overall and disease-free
survival (Table 2). Therefore, these variables were
included in subsequent multivariate proportional
hazard regression models (see below). Tumor size
was excluded from the multivariate model because
of collinearity with Musculoskeletal Tumor Society
stage, as these two variables were strongly associated
with one another (ANOVA, F= 14.39; Po0.0005).

Severely anaplastic tumors showed decreased
hazard ratios in univariate analyses for both overall
and disease-free survival compared with those with
mild anaplasia. Increasing mitotic rate showed a
trend towards longer overall survival, but not
disease-free survival. Extent of spontaneous necrosis
did not show statistically significant associations
with clinical outcomes in univariate analysis
(Table 2).

Severe cytologic anaplasia was independently
associated with decreased hazard ratios for both
overall survival and disease-free survival after
controlling for confounding factors in multivariate
Cox regression (Table 3; Figure 2). In contrast,
neither spontaneous tumor necrosis nor mitotic
rate showed significant associations with the clinical
outcome in multivariate regression models (Table 3;
Supplementary Figures 1 and 2).

Association With Chemotherapy Response

As chemotherapy response is such a powerful
prognostic factor for outcomes in osteosarcoma, we
next determined whether mitotic rate, spontaneous
necrosis, or degree of cytologic anaplasia observed in
biopsy specimens were predictive of a good histolo-
gic response to neoadjuvant chemotherapy (≥90%
tumor necrosis) in subsequent resection specimens.
Increasing age, anatomic location in the pelvis,
scapula, or craniofacial bones, the presence of
metastatic disease at diagnosis, and increasing
mitotic rate were all significantly associated with
decreased odds of good chemotherapy response in
univariate logistic regression (Table 4). In addition,
the chondroblastic subtype of osteosarcoma also
showed marginally significant increased odds for a
good response. Neither extent of spontaneous necro-
sis nor cytologic anaplasia showed significant odds
ratios in univariate analyses.

After controlling for patient age, anatomic site,
Musculoskeletal Tumor Society stage, and histologic
subtype,9–11 mitotic rate, extent of spontaneous
necrosis, or degree of cytologic anaplasia were not
statistically significant predictors of good histologic
response to neoadjuvant chemotherapy in multi-
variate logistic regression (Table 5). The effects of
each of these factors on the probability of a good
response in patients with otherwise favorable
prognostic factors (localized, appendicular, and

Table 2 Univariate overall and disease-free survival analysis

Overall survival Disease-free survival

Hazard ratio (95% CI) P-value Hazard ratio (95% CI) P-value

Age (per 10-year intervals) 1.06 (0.86–1.30) 0.61 1.01 (0.82–1.23) 0.95
Male sex 1.62 (0.92–2.86) 0.10 1.20 (0.73–1.98) 0.48

MSTS stage (reference group, stage IIa)
Stage IIb 5.99 (1.45–24.8) 0.013 7.38 (1.79–30.4) 0.006
Stage III 21.2 (4.78–93.9) o0.005 17.0 (3.84–75.0) o0.0005

Size (cm) 1.07 (1.03–1.12) o0.005 1.06 (1.02–1.10) 0.002
Good chemotherapy response 0.23 (0.13–0.39) o0.005 0.33 (0.20–0.54) o0.0005
Non-appendicular anatomic site 2.99 (1.45–6.14) 0.003 2.50 (1.27–4.91) 0.008
Positive resection margin 3.28 (1.71–6.28) o0.005 2.63 (1.43–5.86) 0.002

Histologic type (reference group, osteoblastic)
Chondroblastic 1.02 (0.51–2.03) 0.95 0.99 (0.52–1.88) 0.98
Fibroblastic 0.62 (0.31–1.24) 0.18 0.71 (0.39–1.31) 0.28
Telangiectatic 2.68 (1.02–7.02) 0.045 3.79 (1.55–9.22) 0.003

Secondary osteosarcoma 1.98 (0.72–5.50) 0.19 1.66 (0.29–4.90) 0.81

Cytologic anaplasia (reference group, mild)
Moderate 0.76 (0.43–1.34) 0.34 0.85 (0.50–1.44) 0.55
Severe 0.29 (0.10–0.85) 0.023 0.42 (0.17–1.04) 0.060

Mitotic rate (per 10/10 hpf) 0.84 (0.70–1.02) 0.082 0.90 (0.79–1.04) 0.16
Spontaneous necrosis (per 10% intervals) 1.06 (0.97–1.16) 0.20 1.03 (0.95–1.12) 0.48

Abbreviations: CI, confidence interval; hpf, high-power fields; MSTS, Musculoskeletal Tumor Society.
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osteoblastic osteosarcoma) while holding age con-
stant at its median value are demonstrated graphi-
cally in Figures 3,4,5. For comparison, the effects of
statistically significant predictive factors for histolo-
gic response to neoadjuvant chemotherapy (patient
age, Musculoskeletal Tumor Society stage, histologic
subtype, and anatomic site) are provided in
Supplementary Figures 3.

Discussion

The results of this study suggest that the degree of
cytologic anaplasia in high-grade osteosarcoma is an
independent prognostic factor for overall and
disease-free survival, but mitotic rate and sponta-
neous necrosis are not. Despite an association
between mitotic rate and good histologic response
to neoadjuvant chemotherapy in univariate analyses,
the strength of this association diminished after
controlling for other important confounding
factors, such as Musculoskeletal Tumor Society
stage, anatomic site, histologic subtype of osteosar-
coma, and the age of the patient. Similarly, cytologic
anaplasia and extent of spontaneous tumor necrosis
observed in pretreatment biopsy specimens were
not statistically significant predictive factors for
histologic response to neoadjuvant chemotherapy
in this cohort.

There has been limited evaluation of the clinical
significance of spontaneous tumor necrosis observed
before administration of cytotoxic chemotherapy.
Whereas some evidence shows an association with
decreased survival in patients—at least in those not
treated with chemotherapy,12,13 a more recent study
suggests that measuring necrosis in pretreatment
biopsies has no prognostic significance.14 Similarly,

data regarding proliferation rate (as measured by
Ki67 labeling index) are conflicting, with some
reports showing increased overall or metastasis-free
survival with lower labeling indices,15–17 and others
showing no association.18–20

The importance of cytologic anaplasia in prog-
nosis of osteosarcoma is also controversial. Cur-
rently, osteosarcomas are broadly classified by
histologic type as low, intermediate, and high grade,
with all conventional osteosarcomas considered high
grade by definition. This is not particularly useful for
risk stratification, and other grading schemes should
continue to be evaluated. Price21 originally reported
that osteosarcomas with high-grade cytologic atypia
were associated with poor prognosis. But this was
before treatment with neoadjuvant chemotherapy
became standard of care. Other authors have since
failed to observe this association.22–24 Here we found
a significant trend for increased survival in patients
with severely anaplastic osteosarcomas treated with
neoadjuvant chemotherapy compared with tumors
with more monomorphic cytology. Although this
result might seem counterintuitive, a greater propor-
tion of severely anaplastic osteosarcomas showed a
good histologic response to chemotherapy than did
tumors with mild or moderate anaplasia (79% vs
59–61%; Table 1). This difference failed to reach
statistical significance by logistic regression, possi-
bly because of the limited number of severely
anaplastic tumors in this cohort (N=19).

One possible explanation for the results of this
study is sampling error, given the intratumoral
heterogeneity for these factors in osteosarcoma. A
core or incisional biopsy is typically a very restricted
sample of the entire tumor, and the proliferative
fraction, extent of tumor necrosis, and even the
degree of cytologic atypia observed in tissue

Table 3 Multivariate overall and disease-free survival analysis

Overall survival Disease-free survival

Hazard ratio (95% CI) P-value Hazard ratio (95% CI) P-value

Male sex 1.92 (1.01–3.67) 0.047 NA NA

MSTS stage (reference group, stage IIa)
Stage IIb 5.31 (1.24–22.7) 0.024 8.43 (2.00–35.4) 0.004
Stage III 17.3 (3.74–79.5) o0.0005 16.8 (3.67–76.5) o0.0005

Good chemotherapy response 0.30 (0.15–0.58) o0.0005 0.47 (0.27–0.83) 0.010
Non-appendicular anatomic site 1.43 (0.58–3.50) 0.44 1.38 (0.58–3.25) 0.47
Positive resection margin 1.95 (0.97–3.93) 0.062 1.67 (0.84–3.33) 0.14
Telangiectatic subtype 9.94 (3.14–31.4) o0.0005 9.87 (3.66–26.6) o0.0005

Cytologic anaplasia (reference group, mild)
Moderate 0.62 (0.32–1.20) 0.16 0.64 (0.35–1.17) 0.15
Severe 0.20 (0.06–0.74) 0.016 0.35 (0.12–0.97) 0.043

Mitotic rate (per 10/10 hpf) 1.07 (0.89–1.29) 0.45 1.06 (0.91–1.24) 0.47
Spontaneous necrosis (per 10% intervals) 1.01 (0.91–1.31) 0.81 0.99 (0.90–1.10) 0.91

Abbreviations: CI, confidence interval; hpf, high power fields; MSTS, Musculoskeletal Tumor Society; NA, not applicable.
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obtained at biopsy is unlikely to be representative of
the entire tumor.19,25 Indeed, this sampling issue is
perhaps the most important reason why these factors
should not be conveyed in pathology reports for
osteosarcoma biopsy specimens. Another explana-
tion is insufficient study power given the limited
sample size available for analysis. Nonetheless, the
sample size is sufficient to conclude that mitotic rate
and spontaneous necrosis are not strong indepen-
dent predictive factors of patient outcome, particu-
larly in comparison with other well-established
prognostic factors.

Although this study did not consider the clinical
importance of reporting these variables in osteosar-
coma resection specimens, as recommended in the
College of American Pathologists Bone Tumor
Resection template,1 these variables have even less
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Figure 2 Overall survival curves of patients with high-grade
osteosarcoma who showed either poor histologic response (o90%
tumor necrosis) or good histologic response (≥90% tumor
necrosis) to neoadjuvant chemotherapy grouped by the degree of
cytologic anaplasia, as determined in diagnostic biopsy speci-
mens. Survival curves are adjusted for Musculoskeletal Tumor
Society stage (non-metastatic), anatomic site (appendicular), and
histologic subtype (non-telangiectatic). Results from Wald tests
that the hazards within each subgroup are identical after adjusting
for confounding covariates are also provided.

Table 4 Univariate logistic regression for good chemotherapy
response (≥90% tumor necrosis)

Odds ratio (95% CI) P-value

Age (per 10-year intervals) 0.68 (0.51–0.92) 0.011
Male sex 1.35 (0.65–2.80) 0.43

MSTS Stage (reference group,
stage IIa)
Stage IIb 0.72 (0.23–2.21) 0.57
Stage III 0.23 (0.05–0.98) 0.047

Size (cm) 0.97 (0.91–1.04) 0.40

Anatomic site
Axial 0.23 (0.02–2.63) 0.24
Pelvic/scapular 0.15 (0.03–0.80) 0.026
Craniofacial NGR —

Histologic type (reference group,
osteoblastic type)
Chondroblastic 0.38 (0.14–1.02) 0.056
Fibroblastic 0.50 (0.21–1.22) 0.13
Telangiectatic 0.26 (0.52–1.32) 0.11

Secondary osteosarcoma 0.76 (0.16–3.58) 0.73

Cytologic anaplasia (reference
group, mild)
Moderate 1.10 (0.49–2.45) 0.82
Severe 2.61 (0.73–9.33) 0.14

Mitotic rate (per 10/10 hpf) 1.35 (1.03–1.76) 0.032
Spontaneous necrosis (per 10%
intervals)

0.99 (0.87–1.13) 0.93

Abbreviations: CI, confidence interval; hpf, high-power fields; MSTS,
Musculoskeletal Tumor Society; NGR, no good responders.

Table 5 Multivariate logistic regression for good chemotherapy
response (≥90% tumor necrosis)

Odds ratio (95% CI) P-value

Age (per 10-year intervals) 0.64 (0.45–0.91) 0.012

MSTS stage (reference group,
stage IIa)
Stage IIb 0.76 (0.20–2.59) 0.66
Stage III 0.15 (0.03–0.77) 0.023

Non-appendicular anatomic site 0.08 (0.02–0.43) 0.003

Histologic subtype (reference
group, osteoblastic)
Chondroblastic 0.32 (0.10–1.01) 0.051
Fibroblastic 0.36 (0.12–1.06) 0.063
Telangiectatic 0.23 (0.03–1.92) 0.18

Cytologic anaplasia (reference
group, mild)
Moderate 0.65 (0.23–1.80) 0.41
Severe 1.36 (0.25–7.32) 0.72

Mitotic rate (per 10/10 hpf) 1.24 (0.91–1.68) 0.17
Spontaneous necrosis (per 10%
intervals)

1.15 (0.96–1.38) 0.14

Abbreviations: CI, confidence interval; hpf, high-power fields; MSTS,
Musculoskeletal Tumor Society.
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clinical relevance in this setting. Mitotic activity
observed in osteosarcomas resected after neoadju-
vant chemotherapy would most likely represent a
surrogate marker for the amount of residual viable
osteosarcoma, and be inversely related to histologic
response to chemotherapy. Obviously, it is not
possible to evaluate the presence of spontaneous
tumor necrosis after the administration of

neoadjuvant cytotoxic therapy. Similarly, cytologic
anaplasia cannot be evaluated in this setting, as
tumor cytomorphology is often profoundly altered
after neoadjuvant chemotherapy.

One argument for continuing to report these
variables in the College of American Pathologists
Bone Tumor template is that these factors are used to
histologically grade osseous sarcomas that typically
arise in soft tissue (by the Fédération Nationale des
Centres de Lutte Contre le Cancer system). However,
these cases account for o15% of skeletal sarcomas
based on the SEER data.26 In contrast, osteosarcoma
and chondrosarcoma make up almost 75% of tumors
reportable in the College of American Pathologists
Bone Tumor template (Ewing’s sarcoma/primitive
neuroectodermal tumor is reported using a separate
template customized for this specific tumor type),
which prompts the question of whether pathologists
should continue using a generic template that
includes irrelevant diagnostic and prognostic infor-
mation for most skeletal sarcomas. One suggestion
would be to design separate reporting templates for
the most common primary tumors of bone and use
the generic template for other less common skeletal
sarcomas.

The findings presented here raise important ques-
tions concerning the utility of reporting the extent of
spontaneous tumor necrosis and mitotic rate for
biopsies of high-grade osteosarcoma, as required in
the College of American Pathologists Bone Biopsy
and Resection templates,1 particularly in regard to
the potential for sampling error in limited biopsy
specimens. There is a marked paucity of evidence for
the clinical relevance of some of the required data
elements in the current College of American
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grade osteosarcoma. Predicted probabilities (black line) and 95%
confidence intervals (gray band) of achieving a good histologic
response from a multivariate logistic regression model adjusted for
median patient age (17.4 years), Musculoskeletal Tumor Society
stage (non-metastatic), anatomic site (appendicular), and histolo-
gic subtype (osteoblastic osteosarcoma) are plotted over mitotic
rate. Data from individual patients are also shown (points).
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Pathologists protocol for reporting biopsies and
resections of bone tumors. Until more data are
collected, there appears to be little value in recording
these parameters. Instead, further study of cytologic
grading schemes for osteosarcoma may be warranted
to determine whether the degree of cytologic
anaplasia observed before exposure to neoadjuvant
chemotherapy is associated with the clinical
outcome.
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