
Abstract. Aim: The purpose of this study was to identify
patient-, facility-, disease-, and treatment-specific characteristics
that increase mortality in patients with upper limb osteosarcoma.
Patients and Methods: The National Cancer Data Base
(NCDB) was queried for bone cancer. With Cox regression, the
demographic, facility, tumor-specific and treatment
characteristics were analyzed to identify factors that increased
mortality. Results: Cox regression model showed that patients
older than 40 years had a significantly higher likelihood of
dying from upper limb osteosarcoma than those aged 0-14
years [hazard ratio (HR)=4.12, 95% confidence interval
(CI)=2.261-7.508]. Patients with an income of $38,000-47,999
(HR=3.335, 95%CI=1.694-657) or less than $38,000
(HR=2.41, 95%CI=1.098-5.288) were also at greater risk of
dying from their tumor. Patients who received radiation
therapy (HR=2.457, 95%CI=1.056-5.717) had a higher
likelihood of dying than patients who did not undergo this
therapy. Conclusion: Age, gender, income, education, stage at
diagnosis, radiation therapy and type of surgery seem to
increase mortality from upper limb osteosarcoma. 

Considered the most frequent primary malignant bone
tumor type, osteosarcoma is an aggressive malignancy that
mostly metastasizes to the lung (1). It is an uncommon
pathology with a yearly incidence of 1.5 to 4 cases per
million people (2). 

Before the introduction of chemotherapy treatment,
osteosarcoma was considered incurable because, even when
a surgical resection was thought to have successfully
removed the tumor, metastasis appeared in 80-90% of
patients (3). A systematic literature review showed that 
5-year survival without chemotherapy was 16% [95%
confidence interval (CI)=9-23%], increasing to 70% when
treated with three or more chemotherapeutic agents. Current
treatment for osteosarcoma has not changed much in the past
30 years, and survival rates have plateaued. New
chemotherapeutic agents have not proven to be substantially
better than the current treatment (4). Since no new therapy
has emerged, we wondered if, from a public health
standpoint, mortality for this devastating disease can be
reduced. The purpose of our study was to identify patient,
facility, disease, and treatment characteristics that increase
mortality in patients with upper limb osteosarcoma. 

Patients and Methods

The National Cancer Database (NCDB), jointly sponsored by the
American College of Surgeons and the American Cancer Society,
collects data from approximately 70% of patients who were newly
diagnosed with cancer in the United States (5). Certified Tumor
Registrars are trained to submit information from patient records to
the database. Information is then revised for accuracy (5). Our
retrospective cohort analysis was exempt from Institutional Review
Board evaluation due to the unidentified population-based nature of
the NCDB. 

In this study, we included male and female patients, aged 2 years
or older, diagnosed with osteosarcoma of the upper extremities at
any stage of disease between January 31st, 2004 and December
31st, 2015. We excluded patients with non-osteosarcoma bone
tumors and those with osteosarcomas located in sites other than the
upper extremities. We also excluded patients who were diagnosed
between 2011 and 2015 because they lack a complete a 5-year
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follow-up because the NCDB data ended on December 31, 2015.
Inclusion and exclusion criteria are illustrated in Figure 1. Our
primary outcome was patient survival, which the NCDB defines as
the number of months from the date of diagnosis to the time of
death, when patients were lost to follow-up, or the last date of our
study. It is important to note that the NCDB does not collect specific
cancer survival information.

Our primary independent variables included the following
demographic covariates: Age (categorized by group), race, sex,
insurance status [private, government (Medicare and Medicaid) or
uninsured], income (estimated by average income in the zip code of
residence), education level (estimated by percentage of patients with
no high school diploma in the zip code of residence), and population
density. Age was categorized from 0-14 years (pediatric), 15-39
(adolescent and young adult) and 40 years or older (adult) based on
a previous study that categorized age groups in this manner (6). We
also included disease characteristics [namely, tumor site, stage of
disease and Charlson–Deyo score (comorbidity index)], and
treatment characteristics (namely, chemotherapy, radiation surgery,
and type of surgery if not radiation). These covariates were selected
because they characterize the patient, facility, disease, and treatment
variables that might have an impact on patient mortality. 

We did not include facility characteristics such as type and
location because more than 70% of patients were lacking such
information. This is because the NCDB does not include facility
type and facility location information for patients who are 39 years
or less in order to protect their identity. Because osteosarcoma is a
disease most frequent in young patients, more than 70% of the
population fell in that age group, forcing us to exclude these
variables. 

We examined the survival differences among patients diagnosed
with upper extremity osteosarcoma. A multivariate Cox regression
model was used to analyze the impact of patient, disease, and
treatment characteristics on the odds of mortality after adjusting for
the mentioned covariates. Facility characteristics were not included
in our multivariate analysis due to the large percentage of missing
information for both covariates. Whether the patient underwent
surgery or not was also excluded from the multivariate model due
to an insufficient number of patients in the no-surgery group.
Patients with missing data were excluded from regression models.
Significance was set at p<0.05. Statistical analysis was performed
using SPSS 25.0 statistical software (IBM, Armonk, NY, USA).

Results

A total of 26,722 patients diagnosed with bone cancer were
identified in the NCDB during the study period, and 591 met
inclusion criteria for our study. Mean age (±SD) was
30.74±21.18 years; 444 (76.5%) patients were White and 123
(19.3%) were non-white (Black, Asian, or Native American).
Demographic, facility, and disease characteristics are further
described in Table I. 

In the adjusted Cox regression model (see Table II), we
found significant differences in patient-specific characteristics.
Our results show that adult patients had significantly higher a
higher likelihood of dying from upper limb osteosarcoma than
pediatric patients [hazard ratio (HR)=4.12, 95% CI=2.261-
7.508]. Female patients (HR=0.608, 95% CI=0.408-0.905)

presented a lower likelihood of death than male patients.
When adjusted for confounders, income level showed a
significantly higher likelihood of dying for patients with
income between $38,000-$47,999 (HR=3.335, 95%CI=1.694-
657) or less than $38,000 (HR=2.41, 95%CI=1.098-5.288).
Our results also showed that patients that lived in a zip code
in which 13-20.9% (HR=0.459, 95%CI=0.221-0.953) or more
than 21% (HR=0.304, 95%CI=0.126-0.731) of the population
did not graduate high school, had a lower likelihood of dying
when compared to patients that lived in a zip code in which
under 7% of the population did not graduate high school. No
statistically significant differences were found by insurance
and population density. 

Tumor-specific characteristics were also shown to affect
the survival of patients independently. When compared to
those with stage 1 disease, those with stage 2 (HR=4.362,
95%CI=1.8-10.569), stage 3 (HR=8.669, 95%CI=2.612-
28.764) and stage 4 (HR=14.39, 95%CI=5.567-37.192)
disease had a higher likelihood of dying of upper limb
osteosarcoma. Interestingly, comorbidities (assessed with the
Charlson–Deyo score) had no statistically significant impact
on mortality. 

The type of treatment that a patient received was also found
to affect mortality in patients with upper limb osteosarcoma.
Patients treated with chemotherapy (HR=0.891, 95%CI=0.476-
1.667) had no significant difference in survival when compared
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Figure 1. Patient selection criteria.



to patients who did not receive chemotherapy. However, for
patients who received radiation therapy (HR=2.457,
95%CI=1.056-5.717) the likelihood of dying was significantly
increased when compared to patients who did not receive
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Table I. Demographic characteristics of patients (n=591).

Characteristic                               Subgroup                           N          %

Age                                                0-14 Years                       141        23.9
                                                      15-39 Years                     279        47.2
                                                      ≥40 Years                        171        28.9
                                                      Missing data                       0          0
Race                                               White                              444        75.1
                                                      Other*                             123        20.8
                                                      Missing data                     24          4.1
Gender                                           Male                                334        56.5
                                                      Female                            257        43.5
                                                      Missing data                       0          0
Insurance                                       Private                               32          5.4
                                                      Government                    334        56.5
                                                      Not insured                     192        32.5
                                                      Missing data                     33          5.6
Average income in zip code         >$63,000                         170        28.8
                                                      $48,000-62,999              140        23.7
                                                      $38,000-47,999              131        22.2
                                                      <$38,000                         138        23.4
                                                      Missing data                     12          2
% Without HSD in zip code        <7.0%                             138        23.4
                                                      7.0-12.9%                       160        27.1
                                                      13.0-20.9%                     153        25.9
                                                      >21.0%                           128        21.7
                                                      Missing data                     12          2
Population density                        Metropolitan                   473        80
                                                      Urban                                82        13.9
                                                      Rural                                 18          3
                                                      Missing data                     18          3
Tumor site                                     Forearm, arm, 
                                                      shoulder and joints        541        91.5
                                                      Hand, wrist and joints      50          8.5
                                                      Missing data                       0          0
AJCC stage                                    I                                         73        12.4
                                                      II                                      233        39.4
                                                      III                                      21          3.6
                                                      IV                                      86        14.6
                                                      Missing data                   178        30.1
Charlson–Deyo score                    0                                      535        90.5
                                                      ≥1                                      55          9.3
                                                      Missing data                       1          0.2
Chemotherapy                               No                                   115        19.5
                                                      Yes                                  465        78.7
                                                      Missing data                     11          1.9
Radiation                                       No                                   542        91.7
                                                      Yes                                    36          6.1
                                                      Missing data                     13          2.2
Surgery                                          No                                   105        17.8
                                                      Yes                                  460        77.8
                                                      Missing data                     31          3.1
Type of surgery                             Local excision with 
                                                      limb salvage                  369        62.4
                                                      Amputation of limb         86        14.6
                                                      Missing data                   136        23

HSD: High school diploma; AJCC: American Joint Committee on
Cancer. *Black, Asian and Native American.

Table II. Hazard ratios of dying from upper limb osteosarcoma.

Factor                                                        HR           95% CI        p-Value

Age
   0-14 years                                           1                                           
   15-39 years                                         1.319      0.732-2.376        0.357
   ≥40 years                                             4.12        2.261-7.508     <0.001
Race
   White                                                   1                                           
   Others*                                                0.742      0.445-1.238        0.253
Sex
   Male                                                    1                                           
   Female                                                 0.608      0.408-0.905        0.014
Insurance
   Private                                                 1                                           
   Government                                        1.278      0.527-3.101        0.587
   Not insured                                         1.988      0.785-5.036        0.147
Average income in zip code
   ≥$63,000                                             1                                           
   $48,000-62,999                                   1.565      0.796-3.075        0.194
   $38,000-47,999                                   3.335      1.694-6.567     <0.001
   ≤$38,000                                             2.41        1.098-5.288        0.028
Without HSD in zip code
   <7.0%                                                  1                                           
   7.0-12.9%                                            0.6          0.314-1.146        0.122
   13.0-20.9%                                          0.459      0.221-0.953        0.037
   ≥21.0%                                                0.304      0.126-0.731        0.008
Population density
   Metropolitan                                       1                                           
   Urban                                                   0.834      0.471-1.476        0.533
   Rural                                                    0.792      0.208-3.018        0.733
Tumor site
   Forearm, arm, shoulder and joints     1                                           
   Hand, wrist and joints                        0.437      0.132-1.446        0.175
AJCC stage
   I                                                            1                                           
   II                                                          4.362      1.8-10.569          0.001
   III                                                         8.669      2.612-28.764   <0.001
   IV                                                      14.39        5.567-37.192   <0.001
Charlson–Deyo score
   0                                                           1                                           
   ≥1                                                        1.431      0.766-2.672        0.261
Chemotherapy
   No                                                        1                                           
   Yes                                                       0.891      0.476-1.667        0.718
Radiation
   No                                                        1                                           
   Yes                                                       2.457      1.056-5.717        0.037
Type of surgery
   Local excision with limb salvage      1                                           
   Amputation of limb                            1.902      1.18-3.064          0.008

CI: Confidence intervaI; HR: hazard ratio; HSD: high school diploma;
AJCC: American Joint Committee on Cancer. *Black, Asian and Native
American.



radiation therapy. For patients who underwent a limb
amputation (HR=1.902, 95% CI=1.18-3.064), the likelihood of
dying was also increased when adjusted for confounders. 

Discussion

Osteosarcoma of the upper extremities is an uncommon type
of cancer that has a bimodal peak incidence, presenting more
commonly in adolescents and patients older than 60 years.
Its 5-year survival rate has increased significantly with the
introduction of chemotherapeutic agents into the treatment.
However, for the past 30 years, survival has not improved,
and new drugs have failed to reduce the mortality of
osteosarcoma. The importance of this study relies on its
public health approach instead of a pharmacological or
surgical approach. It was our intent to identify factors that
affect mortality and which can be modified from a public
health point of view. 

The results of this study showed that osteosarcoma of the
upper extremities led to significantly higher mortality in
adult patients, even when adjusted for factors such as
comorbidities and stage. The results of this study are
congruent with a previous study that showed poor prognosis
in elderly patients (7). The second peak of incidence of
osteosarcoma occurs after 60 years of age and is more
commonly a secondary malignancy, usually associated with
Paget disease or previous radiation (8). Osteosarcoma in
elderly patients is known to present more commonly on the
axial skeleton (6), which has been demonstrated to have a
higher incidence of metastasis at diagnosis (9). This tumor
site location has been proposed as one of the explanations
for worst prognosis; however, our study excluded patients
with axial skeleton osteosarcoma. Another possible reason
for increased mortality in elderly patients with osteosarcoma
is a lower response to chemotherapy, which is known to be
one of the major predictive factors of survival (10). It has
been stated that 90% or more tumor necrosis with
chemotherapy treatment is a sign of good prognosis (10).
There is no established standard treatment for this population
and administering chemotherapy is still controversial (7).
Furthermore, older patients have a lower renal clearance than
children and therefore might present a lower tolerance to
methotrexate treatment (11).

Our results also showed that the estimated average
household income of patients had a statistically significant
effect on survival. This was particularly true for the groups
with a lower income ($38,000-47,999 and <$38,000). Several
studies have previously demonstrated for other types of
cancer that socioeconomic status can be deleterious to
survival, particularly if the patient belongs to the lower
income groups (12). Although the causality of these findings
is hard to assess, it is likely that lower income, education,
awareness, access to specialty care, adherence to treatment,

time to diagnosis and compliance with long-term surveillance
are factors that contribute to the lower survival of these
patients (13). A previous study of NCDB data showed that
patients with high-grade osteosarcoma with a low
socioeconomic status had diminished overall survival (14).

Regarding patient race, our results showed no significant
difference in survival when adjusting for confounders. This
is not congruent with a previous study on Ewing sarcoma
that showed that factors such as ethnicity to have a
significant impact on overall survival (63 months for White
non-Hispanic, and 23 months for Hispanic) (15). When
studying breast cancer survival, race has also been shown to
be a significant prognostic factor that negatively affects
survival for minorities (16). Correlations between racial
minorities with lower income and education average have
shown that poorer outcomes in racial minorities can be due
to socioeconomic disparities rather than true biological
disparities (16). Considering that previous studies have found
racial disparities in patients with Ewing sarcoma and breast
cancer, it is possible that no disparities were found in our
study due to a substantial number of patients with missing
information, thereby reducing the power of the study. 

Not surprisingly, we found that patients diagnosed with
higher stage disease had higher mortality. This is true for
most cancer types and stage is commonly used as a predictor
of prognosis. The significance of this finding relies on the
fact that if early detection, patient awareness, and education
can be improved, we a significant decrease in mortality in
patients with upper limb osteosarcoma could potentially be
achieved. 

Unlike Ewing sarcoma, conventional osteosarcoma
(except the rare small-cell variant) is believed to be relatively
resistant to radiotherapy (17). Radiotherapy is not
recommended as adjuvant therapy or as replacement for
surgery (18). It can be considered in patients who refuse or
are not candidates for surgery due to comorbidities or
anatomical location of the tumor (18). The results of this
study show that patients with upper extremity osteosarcoma
who received radiation therapy were more likely to die than
patients that did not. As mentioned previously, this treatment
is only used in patients who, for whatever reason, are not
candidates for complete surgical excision of the tumor. This
concords with our findings for our cohort, which had a
higher proportion of patients with stage 3 and stage 4 disease
in the group that received radiotherapy when compared to
the group without radiotherapy. When given radiotherapy, it
is possible that most of these patients were beyond a curable
stage of cancer. 

Our study has several limitations. Due to the retrospective
nature using a large national database, we were unable to
verify the accuracy of the data. A large proportion of patient
records were missing information on facility type and location,
causing us to remove these variables from multivariate
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analysis. Furthermore, education and income levels were
based on averages in the zip code of residence rather than
those of the actual patient, which leads to assumptions that are
not necessarily true. Moreover, the NCDB does not include
information on response to chemotherapy, which is an
important factor used to determine prognosis in this disease. 

Osteosarcoma of the upper extremities is an uncommon
disease with a mortality that has not changed significantly
in the past 30 years. Our analysis showed that age, gender,
income, education, stage at diagnosis, radiation therapy and
type of surgery seem to affect the mortality of patients with
this condition. From a public health stand point, some of
these factors can be addressed and, therefore, efforts should
be made to reduce the mortality of upper extremity
osteosarcoma.
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