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BACKGROUND: In this era of individualized cancer treatment, data that could be applied to predicting the survival of patients with

osteosarcoma are still limited because of the rarity of the disease and the difficulty in accumulating a sufficient number of patients.

Therefore, a multi-institutional collaboration was implemented to develop and externally validate nomograms that would predict

metastasis-free survival (MFS) and overall survival (OAS) for patients with nonmetastatic osteosarcoma. METHODS: This study retro-

spectively examined 1070 patients treated with neoadjuvant chemotherapy and surgery for nonmetastatic osteosarcoma. Data from

Japanese patients (n 5 557) were used to develop multivariate nomograms based on Cox regression. Six clinical and pathologic vari-

ables were built into nomograms estimating the probability of MFS and OAS 3 and 5 years after diagnosis. The model was internally

validated for discrimination and calibration with bootstrap resampling and was externally validated with an independent patient

cohort from Korea (n 5 513). RESULTS: A patient’s age, tumor site, and histologic response were found to have a stronger influence

on MFS and OAS in the model than sex, tumor size, or pathologic fracture. The nomograms and calibration plots based on these

results well predicted the probability of MFS (concordance index, 0.631) and OAS (concordance index, 0.679). The concordance indi-

ces for external validation were 0.682 for MFS and 0.665 for OAS. CONCLUSIONS: The nomograms were externally validated and

verified to be useful for the prediction of MFS and OAS and for the assessment of the postoperative prognosis. They can be used

for counseling patients and for establishing appropriate surveillance strategies after surgery. Cancer 2015;121:3844-52. VC 2015 The

Authors. Cancer published by Wiley Periodicals, Inc. on behalf of American Cancer Society. This is an open access article under the

terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium,

provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
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INTRODUCTION
Osteosarcoma, the most common sarcoma of bone, is characterized by the production of immature osteoid by the tumor
cells. The long-term survival of osteosarcoma patients has improved dramatically because of the introduction of effective
systemic chemotherapy.1-4 Recent studies have demonstrated a more favorable outcome, especially for patients with non-
metastatic osteosarcoma.5,6 Five-year survival rates of 60% to 80% have been reported for patients receiving intensive
multidrug chemotherapy and surgery for aggressive local control.5-11 However, despite the recent improvement in sur-
vival, a substantial number of patients still develop metastases or suffer tumor-related death, so more accurate identifica-
tion of patient subgroups with different levels of risk is substantially important.

Clinical staging, such as staging using the American Joint Committee on Cancer classification,12 which is based on
tumor grade and size, skip metastases, and nodal or distant metastasis at the time of diagnosis is reportedly correlated with
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survival for patients with bone sarcomas.13 However, in
osteosarcoma, other prognostic factors, including patient
age,14-16 tumor location,5,16 pathologic fracture,17 and
responses to preoperative chemotherapy, have been
reported to correlate strongly with survival.5,16,18 There-
fore, for the prediction of survival after treatment, it
would be desirable to consider these factors, and a com-
prehensive and easy-to-use tool that incorporated all of
them and could be used to assess individualized survival
would be valuable for decision making.

A nomogram is a graphical depiction of a prediction
model that can be used as a statistically based tool for
assessing the overall probability of a specific outcome for
any individualized patient. In the era of individualized
cancer treatment, the use of such a tool for the estimation
of survival would be particularly helpful for physicians
when they are determining an appropriate interval for
follow-up or imaging. To our knowledge, however, data
that could be used for developing a nomogram for osteo-
sarcoma patients are still limited.16,19 In addition, no
externally validated nomogram has been reported to date
because of the rarity of the disease and the difficulty in col-
lecting a sufficient number of patients.

Therefore, in the current study, we collected data
from a large nationwide cohort of patients with osteosar-
coma in Japan to develop nomograms for predicting
metastasis-free survival (MFS) and overall survival (OAS)
as part of a nationwide research project for the develop-
ment of a prognostic nomogram for musculoskeletal
tumors. In addition, we implemented a multi-institutional
collaboration to validate them externally with data from
1 institution in Korea.

MATERIALS AND METHODS

Eligibility

This study was designed as a multi-institutional, coopera-
tive, retrospective study using 11 major referral centers in
Japan as a training set (National Cancer Center Hospital,
Hokkaido Cancer Center, Chiba Cancer Center, Okayama
University, Nagoya University, Keio University, Kanagawa
Cancer Center, Osaka National Hospital, Osaka Medical
Center for Cancer and Cardiovascular Diseases, Osaka
University, and The University of Tokyo Hospital) and 1
major referral center in Korea as a validation set (Korea
Cancer Center Hospital). This study was approved by the
institutional review board of each hospital.

The inclusion criteria for patients were as follows: 1) a
histological diagnosis of high-grade osteosarcoma of the ex-
tremity or trunk, 2) no distant metastasis at presentation,

3) being scheduled for neoadjuvant chemotherapy and sur-
gery, and 4) a follow-up period of more than 3 years for
survivors. Patients with osteosarcoma of the craniofacial
bone, extraskeletal osteosarcoma, or secondary osteosar-
coma were excluded. Clinical data, treatment modalities,
and treatment outcomes were reviewed retrospectively by
reference to the medical records at each institution.

Prognostic Variables

The following data were extracted from 203 patients
treated at 3 institutions (National Cancer Center Hospi-
tal, Chiba Cancer Center, and The University of Tokyo
Hospital): patient age at diagnosis, sex, primary tumor
site, maximal tumor size, presence or absence of a patho-
logic fracture before surgery (ie, at diagnosis and during
preoperative chemotherapy), type of surgery (limb salvage
surgery, amputation, or rotation plasty), surgical margin
(positive or negative), and histologic response to preoper-
ative chemotherapy. The primary tumor sites were classi-
fied into 6 categories according to the number of cases:
distal extremity, distal femur, proximal tibia/fibula, proxi-
mal humerus, proximal femur, and trunk. A distal extrem-
ity was defined as any location distal to the knee or elbow
joint with the exception of the proximal tibia/fibula (ie,
radius, ulna, distal tibia, or hand and foot). The trunk
included the pelvic bone, spine, rib, clavicle, sternum, and
scapula. A histologic response was assessed by an examina-
tion of the resected specimen after surgery, and histologic
responses were categorized into 4 groups according to the
degree of tumor necrosis after preoperative chemotherapy,
as described previously: grade 1 (<50%), grade 2 (50%-
89%), grade 3 (90%-99%), and grade 4 (100%).1

According to the results of the initial analysis, we excluded
2 variables from the analysis: type of surgery and surgical
margin. The type of surgery was excluded because no sig-
nificant difference was seen between the amputation and
limb salvage surgery groups (P 5 .120). Surgical margins
did not affect MFS and OAS, perhaps because of the
extremely small number (n 5 2) of margin-positive cases
(MFS, P 5 .616; OAS, P 5 .059). As a result, data for
6 prognostic variables (age, sex, site, size, pathologic frac-
ture, and histologic response to preoperative chemother-
apy) were collected from the remaining 8 institutions.

Statistical Analysis

The primary endpoints were the occurrence of 1) distant
metastasis and 2) tumor-related death. MFS was defined
as the period from the date of diagnosis until the appear-
ance of distant metastasis or until the last follow-up for
patients without metastasis. OAS was defined as the

Prognostic Nomograms for Osteosarcoma/Ogura et al

Cancer November 1, 2015 3845



period from the date of diagnosis until tumor-related
death or until the last follow-up for survivors. Patients
without distant metastasis or tumor-related death or
patients who died without metastasis or because of other
causes were censored at the last follow-up. OAS and MFS
were estimated with the Kaplan-Meier method, and com-
parisons were assessed with the log-rank test. Multivariate
analysis was conducted with the Cox proportional hazards
model. In univariate and multivariate analyses, differences
were considered to be statistically significant at P< .05.

Nomograms

For the development of the multivariate nomograms
based on Cox regression, data from 11 major referral cen-
ters in Japan (training set) were used (n 5 557). The final
regression model was chosen on the basis of the clinical
and statistical significance of the predictors. The 3- and
5-year predicted probabilities of each endpoint were cal-
culated for each patient with the Cox regression model
underlying the nomogram. The discriminative ability of
the nomogram was assessed with the concordance index
for purposes of comparison with the literature. The pre-
dictive model was internally validated with 200 bootstrap
samples to prevent overfitting and obtain a relatively

unbiased estimate. Calibration of the nomogram was
assessed via the plotting of the observed probabilities
against the 3- and 5-year nomogram-predicted MFS and
OAS. The model was externally validated with data from
1 institution from Korea (validation set; n 5 513). The
model performance for predicting outcomes was eval-
uated by the calculation of the concordance index also in
calibration and external validation. In external validation,
predictive accuracy was also assessed.

All statistical analyses were conducted with IBM
SPSS 19.0 (IBM SPSS, Armonk, NY), and the nomogram
was built with R 3.0.1 (R Foundation for Statistical Com-
puting, Vienna, Austria) with the rms library.

RESULTS
During the whole period of 1990-2010, we identified
1270 eligible patients who met the inclusion criteria.
Among these patients, we excluded those for whom any
data were missing with respect to the age at diagnosis, sex,
tumor site, maximum tumor size, presence or absence of
any pathologic fracture before surgery, and histologic
response to preoperative chemotherapy; for example,
patients who underwent reconstruction with a devitalized
autograft and whose histologic response to preoperative

TABLE 1. Descriptive Characteristics of the Study Population

Characteristic
Entire Cohort

(n 5 1070)
Training Set: Japanese

Cohort (n 5 557)
Validation Set: Korean

Cohort (n 5 513) P

Age, mean (SD), y 20.2 (12.9) 20.6 (13.5) 18.5 (10.4) .006

Age, No. (%)

�12 y 265 (24.8) 136 (24.4) 129 (25.1) .026

13-19 y 482 (45.0) 236 (42.4) 246 (48.0)

20-39 y 242 (22.6) 131 (23.5) 111 (21.6)

�40 y 81 (7.6) 54 (9.7) 27 (5.3)

Sex, No. (%)

Male 677 (63.3) 344 (61.8) 333 (64.9) .285

Female 393 (36.7) 213 (38.2) 180 (35.1)

Tumor size, mean (SD), cm 9.8 (4.1) 9.7 (4.1) 9.9 (4.1) .329

Tumor size, No. (%)

�8 cm 450 (42.1) 246 (44.2) 204 (39.8) .145

>8 cm 620 (57.9) 311 (55.8) 309 (60.2)

Location, No. (%)

Distal extremity 70 (6.5) 42 (7.5) 28 (5.5) .520

Distal femur 476 (44.5) 251 (45.1) 225 (43.9)

Proximal tibia/fibula 304 (28.4) 151 (27.1) 153 (29.8)

Proximal humerus 96 (9.0) 47 (8.4) 49 (9.6)

Proximal femur 77 (7.2) 38 (6.8) 39 (7.6)

Trunk 47 (4.4) 28 (5.0) 19 (3.7)

Pathologic fracture, No. (%)

No 978 (91.4) 516 (92.6) 462 (90.1) .132

Yes 92 (8.6) 41 (7.4) 51 (9.9)

Histologic response (tumor necrotic rate), No. (%)

Grade 1 (<50%) 244 (22.8) 144 (25.9) 100 (19.5) .013

Grade 2 (50%-89%) 357 (33.4) 168 (30.2) 189 (36.8)

Grade 3 (90%-99%) 322 (30.1) 176 (31.6) 146 (28.5)

Grade 4 (100%) 147 (13.7) 69 (12.4) 78 (15.2)

Abbreviation: SD, standard deviation.
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chemotherapy was not able to be evaluated were excluded.
Consequently, we included 1070 patients (557 in the
training set and 513 in the validation set) who had a com-
plete set of data for prognostic variables. Among these
patients, the chemotherapy regimen in the Japanese
cohort was based on a protocol composed of methotrex-
ate, doxorubicin, and cisplatin (MAP) or MAP plus ifos-
famide.20,21 The majority of the patients in the Korean
cohort were treated with MAP.22

The clinicopathologic characteristics of the training
set and validation set are summarized in Table 1. The

mean follow-up period was 94 months (range, 12-291
months). Distant metastasis and tumor-related death
occurred in 206 patients and 114 patients, respectively.
The 3- and 5-year MFS rates for all patients were 69%
and 64% (Fig. 1A), respectively. The 3- and 5-year OAS
rates for the patients overall were 87% and 82% (Fig. 1B),
respectively. The univariate associations of the various fac-
tors with MFS and OAS rates determined via Kaplan-
Meier plots are shown in Supporting Figures 1 and 2,
respectively (see online supporting information).

Table 2 shows the univariate and multivariate Cox
proportional hazards models for MFS and OAS. Uni-
variate analyses showed that age, tumor size, tumor site,
pathologic fracture, and degree of tumor necrosis were
significantly associated with an increased risk of distant
metastasis. Moreover, univariate analyses showed that
patient age, sex, tumor size, tumor site, pathologic frac-
ture, and degree of tumor necrosis were significantly
associated with an increased risk of tumor-related
death. Multivariate analyses demonstrated significant
associations between distant metastasis and a patient
age of 13 to 19 years (hazard ratio [HR], 1.51; 95%
confidence interval [CI], 1.03-2.21; P 5 .035) or � 40
years (HR, 2.12; 95% CI, 1.28-3.52; P 5 .004), a tu-
mor size > 8 cm (HR, 1.53; 95% CI, 1.14-2.06; P 5

.005), a tumor located in the proximal humerus (HR,
2.84; 95% CI, 1.31-6.14; P 5 .008), the presence of
pathologic fracture (HR, 1.66; 95% CI, 1.05-2.63; P 5

.032), and the degree of tumor necrosis (50%-
89% [HR, 0.71; 95% CI, 0.51-0.99; P 5 .045], 90%-
99% [HR, 0.53; 95% CI, 0.37-0.77; P 5 .001], and
100% [HR, 0.35; 95% CI, 0.19-0.62; P < .001]).
Moreover, multivariate analyses demonstrated
significant associations between tumor-related death
and a patient age of 20 to 39 years (HR, 1.96; 95%
CI, 1.06-3.64; P 5 .032) or � 40 years (HR, 3.50;
95% CI, 1.77-6.92; P < .001), female sex (HR, 0.62;
95% CI, 0.41-0.93; P 5 .022), a tumor size > 8 cm
(HR, 1.59; 95% CI, 1.05-2.39; P 5 .028), the tumor
site (distal femur [HR, 8.39; 95% CI, 1.15-61.06; P 5

.036], proximal tibia/fibula [HR, 10.75; 95% CI, 1.46-
78.90; P 5 .020], proximal humerus [HR, 9.45; 95%
CI, 1.20-74.15; P 5 .033], proximal femur [HR,
14.15; 95% CI, 1.84-108.72; P 5 .011], and trunk
[HR, 13.15; 95% CI, 1.63-105.93; P 5 .015]), the
presence of pathologic fracture (HR, 2.55; 95% CI,
1.46-4.43; P 5 .001), and the degree of tumor necrosis
(50%-89% [HR, 0.57; 95% CI, 0.36-0.90; P 5 .015],
90%-99% [HR, 0.48; 95% CI, 0.29-0.78; P 5 .003],
and 100% [HR, 0.28; 95% CI, 0.12-0.63; P 5 .002]).

Figure 1. Kaplan-Meier curves for (A) metastasis-free survival
and (B) overall survival for all patients.
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On the basis of these results, we developed nomo-
grams that visually depicted the multivariate impact of
each variable with the Cox regression model. The nomo-
grams were able to predict MFS (Fig. 2A) and OAS
(Fig. 2B) 3 or 5 years after the date of diagnosis.

The calibration plots for the probabilities of MFS
(concordance index, 0.631) and OAS (concordance
index, 0.679) are shown in Supporting Figure 3 (see
online supporting information). The calibration plots for
the probabilities of MFS and OAS were good for external
validation and are shown in Figure 3 (concordance index,
0.682 and 0.665, respectively).

DISCUSSION
Recently, nomograms have become widely accepted as
models for risk prediction in cancer because they can pro-
vide an appreciation of the magnitude of the impact of
individual factors on outcome probability, in that they are
more predictive than the conventionally used American
Joint Committee on Cancer stage alone.23 However, few
data that could be applied to a prognostic nomogram for
sarcoma have been available,24 especially with respect to

bone sarcoma, because of its rarity and the difficulty in
collecting a sufficient number of cases.16,19 In the current
study, we developed and validated multivariate nomo-
grams internally and externally that incorporated several
commonly evaluable factors simultaneously to allow indi-
vidual estimations of 3- and 5-year MFS and OAS for
patients with nonmetastatic osteosarcoma treated by sur-
gery and chemotherapy with curative intent. This model
uses many of the discrete factors that have been shown to
affect risk, and it combines them into a user-friendly cal-
culation tool.

It is not unusual for musculoskeletal oncologists to
encounter patients who develop distant metastasis or suf-
fer tumor-related death even though they receive identical
definitive treatment, and the ability to identify such
higher risk patients would undoubtedly be valuable. To
date, however, quantitative data that could be useful for
this purpose have been lacking, and currently, there is
ongoing controversy regarding the appropriate timing of
follow-up because of the dilemma of avoiding unnecessary
frequent imaging tests versus any resulting delay in the
detection of distant metastasis, which may ultimately lead

TABLE 2. Cox Proportional Hazards Models for Metastasis-Free Survival and Overall Survival

Metastasis-Free Survival Overall Survival

Univariate Analysis Multivariate Analysis Univariate Analysis Multivariate Analysis

Hazard Ratio
(95% CI) P

Hazard Ratio
(95% CI) P

Hazard Ratio
(95% CI) P

Hazard Ratio
(95% CI) P

Age

�12 y Reference Reference Reference Reference

13-19 y 1.51 (1.04-2.21) .031 1.51 (1.03-2.21) .035 1.74 (1.00-3.02) .049 1.72 (0.98-3.00) .058

20-39 y 1.30 (0.85-2.00) .229 1.28 (0.82-1.98) .277 1.85 (1.01-3.38) .046 1.96 (1.06-3.64) .032

�40 y 2.55 (1.57-4.16) <.001 2.12 (1.28-3.52) .004 4.31 (2.26-8.24) <.001 3.50 (1.77-6.92) <.001

Sex

Male Reference Reference Reference Reference

Female 0.83 (0.62-1.10) .198 0.85 (0.64-1.14) .271 0.60 (0.40-0.90) .013 0.62 (0.41-0.93) .022

Tumor size

�8 cm Reference Reference Reference Reference

>8 cm 1.64 (1.23-2.18) .001 1.53 (1.14-2.06) .005 1.69 (1.14-2.48) .008 1.59 (1.05-2.39) .028

Tumor site

Distal extremity Reference Reference Reference Reference

Distal femur 1.98 (1.00-3.92) .05 1.80 (0.90-3.58) .095 9.27 (1.28-67.10) .028 8.39 (1.15-61.06) .036

Proximal tibia/fibula 1.74 (0.857-3.54) .125 1.72 (0.84-3.50) .138 10.21 (1.40-74.64) .022 10.75 (1.46-78.90) .020

Proximal humerus 3.13 (1.45-6.73) .004 2.84 (1.31-6.14) .008 10.36 (1.33-80.95) .026 9.45 (1.20-74.15) .033

Proximal femur 2.31 (1.02-5.24) .044 1.90 (0.83-4.33) .127 17.89 (2.34-136.77) .005 14.15 (1.84-108.72) .011

Trunk 2.98 (1.25-7.06) .013 2.27 (0.95-5.43) .065 19.76 (2.47-158.07) .005 13.15 (1.63-105.93) .015

Pathologic fracture

No Reference Reference Reference Reference

Yes 1.81 (1.15-2.84) .01 1.66 (1.05-2.63) .032 2.38 (1.40-4.04) .004 2.55 (1.46-4.43) .001

Histologic response

(tumor necrotic rate)

Grade 1 (<50%) Reference Reference Reference Reference

Grade 2 (50%-89%) 0.71 (0.51-0.99) .046 0.71 (0.51-0.99) .045 0.55 (0.35-0.85) .008 0.57 (0.36-0.90) .015

Grade 3 (90%-99%) 0.50 (0.35-0.71) <.001 0.53 (0.37-0.77) .001 0.41 (0.25-0.65) <.001 0.48 (0.29-0.78) .003

Grade 4 (100%) 0.33 (0.18-0.58) <.001 0.35 (0.19-0.62) <.001 0.25 (0.11-0.55) .001 0.28 (0.12-0.63) .002

Abbreviation: CI, confidence interval.
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to tumor-related death. However, it cannot be denied that
the appropriate timing of follow-up and the planning of
imaging tests should be stratified according to the degree
of risk in individual patients. Our nomograms make it
easier to derive individualized predictions of patient out-
come; they allow physicians to recognize the risk of distant
metastasis or tumor-related death after treatment and pro-
vide a more informative explanation for their patients.

To date, only 2 prognostic nomograms for osteosar-
coma have been available.16,19 The first nomogram was
designed to predict the 5-year probability of metastasis af-
ter neoadjuvant chemotherapy and surgery; it was based
on 365 patients with nonmetastatic osteosarcoma treated
at a single center. It stratified the patients into 108 risk

groups on the basis of 4 variables: age at diagnosis (3 cate-
gories), primary tumor site (3 categories), tumor size
(3 categories), and histologic response to chemotherapy
(4 categories).16 The second nomogram was designed to
predict the 5-year probability of metastasis after neoadju-
vant chemotherapy and limb salvage surgery; it was based
on 91 patients with stage IIB osteosarcoma treated at a
single center. It stratified the patients into 16 risk groups
on the basis of 4 variables: serum alkaline phosphatase
(ALP) level at diagnosis (2 categories), primary tumor site
(2 categories), presence or absence of joint invasion of the
tumor (2 categories), and histologic response to chemo-
therapy (2 categories).19 Although they are brief instru-
ments and easy to use, a nomogram that has the potential

Figure 2. Nomogram predicting the probability of (A) distant metastasis and (B) overall survival at 3 and 5 years. The patient’s
value for each variable is plotted on the appropriate scale, and vertical lines are drawn to the line of points to obtain the corre-
sponding scores. All scores should be summed to obtain the total point score. The total point score on the total point line is plot-
ted, and a vertical line is drawn down to the bottom line. The corresponding value shows the predicted probability of distant
metastasis or death.
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to predict the outcome in more detail on the basis of a
larger number of patients would be more ideal.

The current nomograms appear to have several
differences and advantages resulting from their higher sta-
tistical power in comparison with the previously reported
nomograms.16,19 First, they enable more detailed predic-
tion by incorporating a greater number of important
factors and dividing patients into 768 risk groups based
on 6 variables: age at diagnosis (4 categories), sex (2 cate-
gories), primary tumor site (6 categories), tumor size
(2 categories), histologic response to chemotherapy (4 cat-
egories), and presence or absence of pathologic fracture (2
categories). Second, the higher statistical power in our se-
ries enabled us to classify the primary tumor site in a more
detailed manner. Because the location of a tumor, such as
a proximal extremity versus a distal extremity, is known to
be a significant factor associated with prognosis, this char-
acteristic should be dichotomized, even for the same
bone. Third, we were able to incorporate the presence of
pathologic fracture, one of the potentially important fac-
tors affecting prognosis, into the nomograms. Although
to date the impact of pathologic fracture has been contro-
versial in previous large series,25-27 we have shown that
pathologic fracture is significantly associated with both

MFS and OAS. Fourth, prognosis stratified by age was
treated differently. In our series, we confirmed that OAS
and MFS were poorest in patients who were 40 years old
or older, and this was consistent with the widely accepted
concept that elderly patients with osteosarcoma have a
poorer outcome than younger patients.15,28 This trend
may have resulted from the intensity of the chemotherapy
employed. Fifth, although it is commonly recognized that
tumor size is a strong prognostic indicator, it had a weaker
impact than expected on OAS and MFS in comparison
with other variables. These results were concordant with
the previously reported nomogram.16 Among the possible
reasons for this, the tumor size at diagnosis may have a
weaker impact than the tumor size at the time of surgery
because osteosarcoma is sensitive to chemotherapy.
Another reason may be that extremely large tumors (>15
cm) were rare in our series; the median size was 9.0 cm
(interquartile range, 7.0-12.0 cm). In addition, these
results should be interpreted carefully because of the rela-
tively wide 95% CI for OAS for age and tumor site, which
may have biased the results. Sixth, although female sex
hormones have been reported to be associated with a bet-
ter prognosis in vitro,29 no previous reports have demon-
strated this in an actual large patient cohort. In our series,
males had statistically significantly worse survival than
females. Finally, there have been no externally validated
prognostic nomograms for osteosarcoma, and our nomo-
grams are the first to be externally validated with an inde-
pendent patient cohort.

There were several limitations to the current study.
First, it was performed with retrospective data, and we
were unable to determine the decision process for treat-
ment because we extracted data only for patients with
musculoskeletal sarcoma treated surgically. Therefore, the
indications for surgery may have differed among the par-
ticipating hospitals, and this could have resulted in a selec-
tion bias. We sought to overcome this potential problem
by collecting the largest number of cases possible. Second,
although our nomograms were developed with data from
the largest cohort accumulated so far, it may be necessary
to collect many more patients for a nomogram predicting
OAS with fewer endpoints versus a nomogram for MFS.
This led to a relatively wide 95% CI for OAS. Third, our
nomograms used information that became available only
after surgical treatment. Although the nomograms may be
predictively accurate, they cannot be used for patients
requiring preoperative prognosis-based decisions regard-
ing tumor resectability or nonresectability when severe
functional deterioration is likely, as is frequently the case
for osteosarcoma of the spine or pelvis. This may be the

Figure 3. Calibration plot for 3-year probabilities of (A) dis-
tant metastasis and (B) death for external validation.
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reason that patients with truncal tumors had better out-
comes than expected. Fourth, we did not include certain
major prognostic factors, such as the level of ALP or lac-
tate dehydrogenase (LDH).30 The first reason for this was
that ALP or LDH data were not available for some
patients, so the inclusion of these markers would have led
to lower statistical power. The second reason was that the
levels of ALP and LDH were sometimes measured with
different methods, and the standard values used among
the hospitals differed. Therefore, considering the nature
of this multi-institutional study, we felt it necessary to
omit the data for ALP and LDH. However, it is likely that
the inclusion of these serological markers or known mo-
lecular markers such as P-glycoprotein,31 CXCR4,32 and
ezrin33 would improve the predictive ability of future
nomograms. Fifth, the trunk cases had better outcomes
than expected (better than proximal humerus cases) with
respect to MFS. The first possible reason is that the trunk
category is too all-inclusive (being composed of the pelvic
bone, spine, rib, clavicle, sternum, and scapula), and this
heterogeneity of the category may be associated with the
unexpected result. Another reason for this unexpected
result is advanced pelvic or spine cases, which were not
able to be indicated radical surgery, may have been
excluded from the current cohort, and such a selection
bias might be responsible for the unexpected result.
Finally, although our nomograms were reliable with rela-
tively good concordance indices for external validation,
further external validation using a cross-racial patient
cohort or prospectively collected data in the future will
also increase model reliability.

In conclusion, on the basis of the largest patient
cohort reported so far, we have created useful nomograms
for the prediction of MFS and OAS for patients with
nonmetastatic osteosarcoma, and we have externally vali-
dated them with an independent patient cohort. These
nomograms use only common and readily available varia-
bles for the accurate prediction of survival, and they offer
an improvement over current osteosarcoma staging, as
demonstrated by adequate nomogram discrimination
and calibration, and more dynamic and robust risk strati-
fication. This tool can be used for patient counseling and
for establishing appropriate surveillance strategies after
surgery.
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