Original Article

Technology in Cancer Research &
Treatment

Volume 19: 1-10

© The Author(s) 2020

Article reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/1533033820947718
journals.sagepub.com/home/tct

®SAGE

Construction and Validation of Nomograms
for Predicting the Prognosis of Juvenile

Osteosarcoma: A Real-World Analysis in
the SEER Database

Yao Jiang, MD' , Tianyu Wang, PhD', and Zizheng Wei, MD'

Abstract

Background: Osteosarcoma is one of the most common malignant bone tumors, with a high incidence in adolescence. The
objective of this study was to construct prognostic nomograms for predicting the prognosis of juvenile osteosarcoma. Methods:
Patients with osteosarcoma diagnosed between 2004 and 2015 were identified in the Surveillance, Epidemiology, and End Results
(SEER) database. The essential clinical predictors were identified with univariate and multivariate Cox analysis. Nomograms were
constructed to predict the 3- and 5-year cancer- specific survival (CSS) and overall survival (OS). Concordance index (C-index)
and calibration plots were performed to validate the predictive performance of nomograms. Results: We enrolled 736 ado-
lescents with osteosarcoma from the SEER database, with 516 samples grouped into a training cohort and 220 samples grouped
into a validation cohort. In multivariate analysis of the training cohort, predictors including tumor size, surgery treatment and
AJCC stage were found to be associated with OS and CSS, while age was only associated with CSS. Construction of nomograms
based on these predictors was performed to evaluate the prognosis of adolescents with osteosarcoma. The C-index and cali-
bration curves also showed the satisfactory performance of these nomograms for prognosis prediction. Conclusion: The
developed nomograms are useful tools for precisely predicting the prognosis of adolescents with osteosarcoma, which could
enable patients to be more accurately managed in clinical practice.
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and has a high incidence and rapid progress, which seriously
threatens the patients’ limb or even life.

The combination of surgery and chemotherapy is the com-
monly used clinical treatment. Chemotherapy can significantly
increase the survival rate of patients and play a role in the treat-
ment of small metastases, but its effectiveness is based on the
successful removal of osteosarcoma.® Surgery includes 2 aspects
of tumor removal and limb function reconstruction. The extent
of tumor resection is based on the Enneking standard, which not

Introduction

Osteosarcoma is one of the most common malignant bone
tumors, and its incidence ranks first in primary bone tumors.'
The annual incidence is about 5 per million,” and the incidence
in men is higher than that in women.*> The most comprehensive
epidemiological SEER database in the United States surveyed
3482 patients with osteosarcoma from 1973 to 2004. There
were 2 peaks of osteosarcoma, which were the adolescence and
the old age. The peak age of onset in adolescents was around
15 years of age, with primary osteosarcoma predominant.*

Osteosarcoma can occur in any bone, but the most common
site is the metaphysis of the long bones, especially the distal
femur and proximal tibia, followed by the humerus, and other
parts are rare. Most patients have a single lesion and are quite
insidious, thus they are easily confused with trauma or growth
pain at visit.” Blood metastasis of osteosarcoma occurs early
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Figure 1. Flow chart.

only removes the tumor itself, but also removes healthy tissue 5
to 7 cm away from both ends of the tumor.” The reconstruction
methods include tumor segment resection plus joint fusion, auto-
logous or allograft bone transplantation, tumor segment bone
inactivation and replantation, artificial joint prosthesis replace-
ment.® With the popularization of neoadjuvant chemotherapy
and the development and improvement of surgical techniques,
the S5-year overall survival rate of osteosarcoma patients has
gradually increased from 60% to 80%.” Despite the great success
in treating with osteosarcoma, the patient’s prognosis has been at
a plateau in the past 20 years. The survival rate of osteosarcoma
has not continued to increase, and the rate of postoperative
recurrence and metastasis has not declined.

In addition to the effect of treatment methods on patient
survival, there were also many studies on the impact of age,
ethnicity, tumor grade, clinical stage, tumor size, and other
factors on overall survival.'” However, the conclusions of these
reports were not consistent. Overall survival was affected by
many variables. Few studies had combined all prognostic pre-
dictors to predict the overall survival of juvenile osteosarcoma.

Nomograms are reliable statistical model that incorporates
multiple risk factors for tumorigenesis to establish a graphical

prediction tool and provide a personalized, evidence-based,
highly accurate risk assessment.'' In many cancer populations,
the prediction accuracy of nomogram is higher than that of
traditional staging systems.'?'® In view of the better predictive
ability of this statistical tool, this study aims to find the main
risk factors for patients with osteosarcoma by establishing a
nomogram. In this study, the clinical characteristics of osteo-
sarcoma patients were obtained from the SEER database from
2004 to 2015. The Seer database not only collects data on
various types of cancer, but more importantly, the database has
relatively complete follow-up information. Therefore, the data
of juvenile osteosarcoma were analyzed, and accurate nomo-
grams were constructed to identify the clinical features for
predicting the prognosis of adolescents with osteosarcoma.

Materials and Methods

Data Source and Patient Selection

Study data were collected from the SEER database released on
Jun 8, 2019, using SEER*Stat software (version 8.3.6; National
Cancer Institute, USA). Since all patient information derived
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from the SEER database is publicly available online, this study
was exempted from the requirement for approval by our Insti-
tutional Review Board. The inclusion criteria were: (1) identi-
fied as osteosarcoma with ICD-O-3: 9180-9185; (2) diagnosed
between 2004 and 2015. (3). Age <= 18. The exclusion criteria
were: (1) multiple primary cancers and (2) clinical information
missing or unknown.

Inclusion Variables

The prognostic variables of osteosarcoma patients were
extracted from the SEER plan, including age at diagnosis, race,
year of diagnosis, tumor grade, AJCC stage, tumor size, treat-
ment strategy, cause of death and survival time (months).
The X-Tiles program (Yale University, New Haven, USA)
was used to determine the optimal cut-off treatment strategy for
age and tumor size, including surgical methods, radiotherapy and
chemotherapy. OS(overall survival) was defined as the time from
diagnosis to death from any cause, and CSS (cancer- specific
survival) was the time from diagnosis to death from osteosar-
coma. At the last follow-up, the living patients were reviewed.

Construction of Nomogram

The nomogram can be a method to show the results of the risk
model intuitively and effectively, and it has important clinical
application in predicting the outcome. It uses the length of the
line to show the influence and values of different variables on
the outcome.

The nomogram is applied by adding up the points identified
on the points scale for each variable. The total points projected
on the bottom scales indicate the probability of 1-y, 3-y and
5-y’s overall survival or CSS probability.

Statistical Methods

In this study, SPSS 25 was used for statistics, and R3.6.1 was
used for the development and evaluation of nomograms. First,
the X-tile software was used to determine the best cutoff values
for Age and Tumor Size (the cutoff of OS and CSS were
identified respectively). Subsequently, univariate Cox regres-
sion was used to determine risk factors related to OS or CSS,
and patients with P < 0.05 in univariate analysis were included
in multivariate COX regression analysis to determine indepen-
dent prognostic factors. Based on independent risk factors,
nomograms that predicted OS or CSS were built. The C index
was used to evaluate the discrimination ability of the nomo-
grams developed. The calibration plot was used to evaluate the
accuracy of the nomograms. In addition, the DCA curve was
used to evaluate the clinical value of the nomograms.

Results
Flow Chart

To make it easier for readers to understand our research, we
drew a flow chart (Figure 1).

Table 1. Demographics and Clinicopathologic Characteristics of
Patients with Juvenile Osteosarcoma.

Training Validation
cohort cohort
(N = 516) (N = 220) X2/t P
Age 12.67 + 3.52 1291 + 335 0.734 0.386
Size 107.33 + 63.47 108.85 + 51.24 0.314 0.753
Race 0.058 0.971
Black 85 35
White 385 166
Other 46 19
Sex 2.027 0.155
Female 231 86
Male 285 134
Primary_Site 2.688 0.261
Lower 421 169
Upper 63 31
Other 32 20
Grade 7.606 0.055
I 6 0
II 15 1
111 151 73
v 344 146
ICD.O.3.Hist.behav 6.918 0.227
9180 384 151
9181 86 41
9182 18 8
9183 24 15
9184 1 0
9185 3 5
AJCC 0.153 0.696
I-11 399 173
I-1v 117 47
T 3.558 0.169
Tl 189 65
T2 312 149
T3 15 6
N 0.024 0.876
NO 504 216
N1 12 4
M 0.284 0.594
MO 411 179
Ml 105 41
Surgery
Yes 493 213 0.642 0.423
No 23 7
Radiation 0.113 0.736
No 497 213
Yes 19 7
Chemotherapy 1.213  0.271
No 17 4
Yes 499 216

Clinical Information of the Included Cases

According to the inclusion criteria, a total of 716 eligible
patients extracted from the SEER database were included in
this study. Then, we divided them into the training cohort
(n = 516) and the internal validation cohort (n = 220). There
was no statistically significant difference in demographic and
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Figure 2. Survival curves of variables significant in univariate analysis

clinical characteristics between the 2 groups (Table 1). In
terms of ethnic distribution, 16% were black and 74% were
white. Among them, male patients accounted for 57%, and
Primary Site had more in the lower limbs, accounting for
80%. In terms of tumor grading, most patients with osteo-
sarcoma were in G4 undifferentiated state (67%). In the
AJCC stage, I-II accounted for 78%, III-IV accounted for
22%, and most patients presented T2 (63%). NO (98%) and
MO (80%) characteristics. Most patients received surgery
(96%) and chemotherapy (97%), and 96% of patients did
not receive radiation therapy.

Independent Prognostic Factors for Adolescents With
Osteosarcoma

In the OS training cohort, ages were divided into 2 groups
through X-Tiles: <13 years, 13 to 18 years (S_Figure 1). Tumor
sizes were divided into 3 groups: <70 mm, 70 to 129 mm,
>129 mm (S_Figure 2). All variables related to OS in univari-
ate analysis were further processed through multivariate anal-
ysis, indicating that the tumor size, AJCC stage, and type of
surgery were independent predictors for OS (P < 0.05)
(Table 2). The survival curves of significant univariate in OS
were plotted (Figure 2).

For the CSS training cohort, we followed the same steps as
above and divided the age into 2 groups: <13 years, 13-18 years
(S_Figure 3). Tumor sizes were divided into 3 groups:
< 64 mm, 64-129 mm, > 129 mm (S_Figure 4). Through multi-
variate analysis, age, AJCC stage, tumor size and type of
surgery were determined as independent predictors for CSS
(P < 0.05) (Table 3). The survival curves of significant
univariate in CSS were plotted in S_Figure 5.

in the OS training cohort.

Construction of Nomogram

The nomograms were constructed by incorporating all signif-
icant variables (Figure 3). The AJCC stage contributed most to
the OS and CSS, followed by tumor size and surgery type. By
summarizing the specific points of each predictor and then
measuring the total points of OS and CSS, the individual sur-
vival probabilities could be easily calculated.

For example: If a patient’s tumor size is 65-129 mm, accord-
ing to Table 2 we judged that it belongs to middle, his clinical
stage belonged to Stage III-IV, and received no surgical treat-
ment. For each variable will get the corresponding “Points” on
Points scale. Middle size corresponds to 7.2 points, Stage [1I-IV
nearly corresponds to 10 points, no surgical treatment corre-
sponds to 7.75 points. Then, accumulating and adding up to get
the “Total points” = 24.95 points. “OS Probability” stands for
the probability of overall survival. According to the “Total
points” projected to the corresponding “OS Probability” scale,
the overall survival of this patient can be calculated. For this
patient, we can infer that his 3-year OS Probability approxi-
mately to 33%, 5-year OS Probability approximately to 18%.
We can use the same method to get the patient’s CSS
probability.

Therefore, our nomogram can intuitively predict the prog-
nosis of patients with juvenile osteosarcoma patients, which is
different from the traditional AJCC stage and other variables
for clinical prediction.

Evaluation of the Nomogram Model by Calibration and
DCA Analysis

The validation of the nomogram was carried out in training
cohort and testing cohort. The C- index of OS and CSS were
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Table 2. Univariate and Multivariate Analysis for OS in Training Cohort.

Univariate Multivariate
Exp(B) 95.0% CI P Exp(B) 95.0% CI P
Tumor size (mm)
<64 (Low) reference 0.00 0.001
64-129 (Middle) 2.492 1.388-4.474 0.002 2.178 1.210-3.921 0.009
>129 (High) 3.724 2.031-6.826 0.000 2.863 1.549-5.291 0.001
Age
<13 years reference
13- 18 years 1.420 1.029 -1.958 0.033
Race
Black reference 0.849
White 0.988 0.641-1.525 0.958
Other 0.829 0.408-1.684 0.604
Sex
Female reference
Male 1.064 0.770-1.470 0.709
Primary_Site
Lower reference 0.600
Upper 0.889 0.528-1.497 0.657
Other 1.311 0.707-2.430 0.390
Grade
I reference 0.765
II 0.480 0.080-2.874 0.421
111 0.893 0.216-3.692 0.876
v 0.842 0.208-3.418 0.810
1CD.O.3.Hist.behav
9180 reference 0.741
9181 0.742 0.457-1.206 0.229
9182 1.288 0.600-2.764 0.516
9183 0.900 0.419-1.930 0.786
9184 0.000 0.000-0.000 0.968
9185 2.198 0.307-15.758 0.433
AlCC
I-11 reference
1I-1v 3.453 2.489-4.789 0.000 AJCC 2.957 2.114 4.137 0.000
T
T1 reference 0.000
T2 1.578 1.098-2.267 0.014
T3 4.172 2.091-8.323 0.000
N
NO reference
N1 2.806 1.313-5.994 0.008
M
MO reference
Ml 3.239 2.320-4.524 0.000
Surgery
No reference
Yes 0.354 0.196-0.639 0.001 Surgery 0.434 0.239 0.788 0.006
Radiation
No reference
Yes 2.687 1.454-4.967 0.002
Chemotherapy
No reference
Yes 2.826 0.700-11.413 0.145

0.699 (95% CI: 0.656-0.742) and 0.711 (95% CI: 0.668-0.754),

respectively in training cohort. The C- index were 0.640 (95%
CI: 0.501-0.779) and 0.669 (95% CI: 0.526-0.812), respec-
tively in testing cohort (Table 4).

Calibration plots were used to visualize the performances of
the nomograms in training cohort. The 45°line represented the
best prediction. Calibration plots showed that the nomogram

performed well (Figure 4A, B, E, and F).
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Figure 3. Nomograms predicting 3- and 5-year OS (A) and CSS (B). The total points were calculated by adding the points of each predictor, and
correspond to the possibilities of 3- and 5-year OS and CSS of patients with osteosarcoma.

DCA (Decision Curve Analysis) is a method for evaluating
clinical predictive models, diagnostic tests, and molecular mar-
kers. In order to prove the advantage of the nomogram. We
found that the nomogram showed the best net benefit in 3-year
and 5-year (Figure 4C, D, G, and H).

These findings suggest that the nomogram constructed by
combining multiple independent prognostic variables is the
best to predict the survival time of patients, whether in the short
term or in the long term. This may be helpful for patient coun-
seling, decision-making and follow-up scheduling. In short, the
predictive model we developed will enable patients with juve-
nile osteosarcoma to be managed more accurately in clinical
practice.

We also found that in the validation cohort, the performance
of Calibration and DCA curves is consistent, proving the sta-
bility of our model (Figure SA-H)

Discussion

A previous study found that data on prognostic factors for
juvenile osteosarcoma was still limited, and there was a lack
of effective methods to predict the overall survival. Therefore,
a practical tool was needed to identify risk factors. Nomograms

can display the outcome of the model graphically by combining
important risk variables.'*'> Thus, nomograms are often used
by clinicians to make accurate and personalized medical
decisions.'®

In this study, practical nomograms was established to pre-
dict the survival outcomes of adolescents with osteosarcoma.
The internal and external validation of the nomogram showed
good predictive performance.

Age is usually considered an independent factor for osteo-
sarcoma. Studies had shown that the incidence of osteosarcoma
changed with age.'” The annual incidence of children under
10 years old was 1.7/10 million, while the annual incidence of
patients between 10 and 19 years old was 8.2 / 10 million.'®
Studies found that 2 to 3 out of every 106 people suffered from
osteosarcoma, and 8 to 11 out of every 106 people between 15
and 19 years old."® The peak period of osteosarcoma was pub-
erty between 10 and 14 years old.>® Consistent with previous
studies, the analysis of 736 patients showed that compared with
patients <14 years of age, OS and CSS of adolescents > = 14
years old were significantly reduced (HR = 1.428, 95% CI:
1.028 -1.985 P = 0.034).

This study also confirmed a correlation between AJCC stage
and overall survival. AJCC stage was an independent risk
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Figure 4. DCA and calibration curves for 3-year OS, 5-year OS of the training cohort A. calibration curve for 3-year OS B: calibration curves for
S-year OS C: DCA curve for 3-year OS D: DCA curve for 5-year OS E: calibration curve for 3-year CSS F: calibration curves for 5-year CSS G:
DCA curve for 3-year CSS H: DCA curve for 5-year CSS.

Table 3. Univariate and Multivariate Analysis for CSS in Training Cohort.

HR 95%CI P HR 95%CI P

Tumor size (mm)

<71(Low) reference 0.000 0.003

71-129 (Middle) 2.104 1.290-3.429 0.003 1.791 1.094-2.932 0.020

>129 (High) 3.149 1.901-5.216 0.000 2.369 1.415-3.967 0.001
Age (years)

<14 reference

>= 14 1.486 1.071-2.062 0.018 1.428 1.028-1.985 0.034
Race

Black reference 0.761

White 1.003 0.645-1.560 0.990

Other 0.787 0.376-1.645 0.524
Sex

Female reference

Male 1.082 0.779-1.504 0.638
Primary_Site

Lower reference 0.564

Upper 0.921 0.546-1.553 0.758

Other 1.366 0.736-2.535 0.323
Grade

1 reference 0.769

1I 0.466 0.078-2.791 0.403

111 0.846 0.205-3.497 0.817

v 0.785 0.194-3.188 0.735
ICD.0O.3.Hist.behav

9180 reference 0.798

9181 0.761 0.468-1.238 0.271

9182 1.151 0.506-2.618 0.738

9183 0.784 0.345-1.784 0.563

(continued)
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Table 3. (continued)

HR 95%CI P HR 95%CI P
9184 0.000 0.000-0.000 0.968
9185 2.225 0.310-15.954 0.426
AlJCC
I-11 reference
II-1v 3.538 2.539-4.931 0.000 3.040 2.160-4.280 0.000
T
T1 reference 0.000
T2 1.720 1.181-2.505 0.005
T3 4.573 2.276-9.187 0.000
N
NO reference
N1 2.902 1.357-6.204 0.006
M
MO reference
MI 3.309 2.358-4.642 0.000
Surgery
No reference
Yes 0.342 0.189-0.617 0.000 0.423 0.232-0.771 0.005
Radiation
No reference
Yes 2.806 1.517-5.191 0.001
Chemotherapy
No reference
Yes 2.713 0.672-10.957 0.161
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Figure 5. DCA and calibration curves for 3-year OS, 5-year OS of the validation cohort calibration curve for 3-year OS B: calibration curves for
5-year OS C: DCA curve for 3-year OS D: DCA curve for 5-year OS E: calibration curve for 3-year CSS F: calibration curves for 5-year CSS G:
DCA curve for 3-year CSS H: DCA curve for 5-year CSS.

factor that affected the prognosis of osteosarcoma patients. It metastasis and recurrence rate were higher than low grade
was well known that high grade (lowly differentiated or undif- (highly differentiated or moderately differentiated).?! The sur-
ferentiated) was considered a risk factor for mortality, and its  vival rate of patients with larger tumors, regional lymph node
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Table 4. C-index of Nomogram.

OS training set: 0.699 95%CI: 0.656-0.742

OS validation set: 0.640
CSS training set: 0.711
CSS validation set: 0.669

95%CI: 0.501-0.779
95%CI: 0.668-0.754
95%CI: 0.526-0.812

metastasis and distant metastasis were significantly lower than
that of other patients. This result had been unanimously
approved by researchers.?

In addition, tumor size was generally considered to be an
important predictor of juvenile osteosarcoma.”® It was found
that tumors between 71 to 129 mm and >129 mm were related
to poor prognosis. The research by Kim MS et al. suggested
that patients with large tumors (RTP > 27.5 cm ~ 2/ m2) were
significantly correlated with poor histological response and
tumor location of the distal femur, and tumor size was an
important prognosis factor for osteosarcoma,>* which was con-
sistent with our study.

There are many surgical treatment methods for juvenile
osteosarcoma. In recent years, the effect of limb salvage sur-
gery has been improved, and its indications have gradually
expanded.”> Based on long-term survival, this method pre-
serves limb function, improves the quality of life, and elimi-
nates psychological and social obstacles. It is the most
commonly used method for the treatment of osteosarcoma, and
has its unique advantages.>® This was confirmed in our multi-
variate analysis. Studies had shown that effective surgical
resection could improve the prognosis and prolong the survival
time of juvenile osteosarcoma.?’” In recent years, the treatment
of residual limbs with vascularized fibula transplantation
through a composite method of free fibula revascularization
with anastomoses can provide better function and survival
rate.”® In terms of survival and function. The use of rotational
plastic surgery technology and scalable end-point treatment
can reduce the probability of postoperative complications.?’
According to the postoperative follow-up, it could be seen that
the patient’s overall survival had been improved.*® Consistent
with previous studies, the analysis of 736 patients showed that
surgical treatment was closely related to patients” OS and CSS.

The newly established nomogram was validated by the
internal cohort and external validation cohort. The DCA and
calibration curves showed the good performance of the nomo-
gram in predicting prognosis.

It was worth noting that this study had certain limitations.
The SEER database only contained general information and
information on surgery and radiotherapy for some diseases. It
did not provide detailed treatment information such as specific
chemotherapy, targeted therapy, and immunotherapy. At pres-
ent, targeted therapy has become an emerging treatment, which
has certain limitations for the specific analysis of the therapeu-
tic effect on osteosarcoma. Secondly, the race of samples in this
study was a group living in the United States registered in the
SEER database, thus the research on yellow races was limited
to American, while other yellow race groups in Asia were not

included. There might be some deviations in the outcomes of
osteosarcoma. Third, larger randomized controlled trials and
multicenter clinical samples are needed to validate the relia-
bility of our study results.
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