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Abstract

Background Conditional survival is a measure of the risk

of mortality given that a patient has survived a defined

period of time. These estimates are clinically helpful, but

have not been reported previously for osteosarcoma or

Ewing’s sarcoma.

Questions/purposes We determined the conditional sur-

vival of patients with osteosarcoma and Ewing’s sarcoma

given survival of 1 or more years.

Methods We used the Surveillance, Epidemiology, and

End Results (SEER) Program database to investigate cases

of osteosarcoma and Ewing’s sarcoma in patients younger

than 40 years from 1973 to 2009. The SEER Program is

managed by the National Cancer Institute and provides

survival data gathered from population-based cancer reg-

istries. We used an actuarial life table analysis to determine

any cancer cause-specific 5-year survival estimates

conditional on 1 to 5 years of survival after diagnosis. We

performed a similar analysis to determine 20-year survival

from the time of diagnosis.

Results The estimated 5-year survival improved each year

after diagnosis. For local/regional osteosarcoma, the 5-year

survival improved from 74.8% at baseline to 91.4% at

5 years—meaning that if a patient with localized osteosar-

coma lives for 5 years, the chance of living for another 5 years

is 91.4%. Similarly, the 5-year survivals for local/regional

Ewing’s sarcoma improved from 72.9% at baseline to 92.5%

at 5 years, for metastatic osteosarcoma 35.5% at baseline to

85.4% at 5 years, and for metastatic Ewing’s sarcoma 31.7%

at baseline to 83.6% at 5 years. The likelihood of 20-year

cause-specific survival from the time of diagnosis in osteo-

sarcoma and Ewing’s sarcoma was almost 90% or greater

after 10 years of survival, suggesting that while most patients

will remain disease-free indefinitely, some experience cancer-

related complications years after presumed eradication.

Conclusions The 5-year survival estimates of osteosar-

coma and Ewing’s sarcoma improve with each additional

year of patient survival. Knowledge of a changing risk

profile is useful in counseling patients with time. The

presence of cause-specific mortality decades after treat-

ment supports lifelong monitoring in this population.

Level of Evidence Level II, prognostic study. See the

Instructions for Authors for a complete description of

levels of evidence.

Introduction

Osteosarcoma and Ewing’s sarcoma are the two most

common primary sarcomas of bone in children, adoles-

cents, and young adults [9, 22]. Estimates of cancer
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mortality are commonly presented as the 5-year overall

survival from the time of initial diagnosis. While this

information is useful for comparing interventions and

counseling patients at their initial presentation, it provides

little insight into a changing risk profile with time [6, 14].

The concept of conditional survival, a change in the risk

of cancer death given survival of a specified time period, is

considered a useful tool for patient counseling [4–6, 11, 16,

25, 27, 32]. For instance, Rueth et al. [27] determined that

the 10-year survival of patients with high-risk melanoma

(30.8%) was substantially worse than that of patients with

low-risk melanoma (79.6%) at the time of diagnosis [27].

However, after 8 years of survival the rates equalize, and

high-risk patients have the same chance of cancer-related

mortality as low-risk patients. Knowledge like this benefits

patients and providers by allowing for a more informative

discussion regarding the current disease state and prog-

nostic risk assessment [14]. A changing conditional

survival also may guide clinical decision making in terms

of timing of cancer surveillance and the need for long-term

monitoring [4, 11, 27]. To our knowledge, no previous

study has attempted to define the conditional survival of

osteosarcoma or Ewing’s sarcoma.

Our questions were: (1) Have the baseline 5-year sur-

vival rates for patients with osteosarcoma and Ewing’s

sarcoma improved with time? (2) Does the conditional

survival of local/regional osteosarcoma and Ewing’s sar-

coma improve with each additional year of survival?

(3) Does the conditional survival of patients with meta-

static osteosarcoma and Ewing’s sarcoma improve with

each additional year of survival? (4) Is there is a long-term

risk of cancer-related mortality after more than 10 years of

survival? (5) Can osteosarcoma or Ewing’s sarcoma ever

be considered cured?

Patients and Methods

We queried the Surveillance, Epidemiology, and End

Results (SEER) program database (National Cancer Insti-

tute, Bethesda, MD, USA) for records of osteosarcoma and

Ewing’s sarcoma from 1973 to 2009. The SEER program

initially started with eight registries in 1973 and has con-

tinually added additional participating sites with time.

Currently, the database includes 18 geographically diverse

areas representing 26% of the US population with efforts to

reflect the racial, economic, and social diversity of the

country as a whole [23]. The SEER program database is

publicly available and does not contain unique patient

identifiers (name, birth date, social security number).

Therefore, our institutional review board determined that

this investigation did not require formal review. We used

the SEER*Stat application (Version 8.0.1; National Cancer

Institute, Bethesda, MD, USA) to determine the conditional

survival given various conditions.

In the SEER database, patient age is recorded as a cat-

egorical variable in 5-year intervals. We limited our

investigation to patients 0 to 39 years old at the time of

diagnosis to eliminate older individuals who may be treated

with different chemotherapeutic protocols. The histologic

diagnosis in SEER is coded based on the International

Classification of Disease for Oncology, Third Revision

[10]. We included all cases of Ewing’s sarcoma and high-

grade osteosarcoma. To define the subgroup of high-grade

osteosarcoma, we excluded intraosseous well-differenti-

ated osteosarcoma, parosteal osteosarcoma, and periosteal

osteosarcoma as these are low- and intermediate- grade

tumors known to have a more favorable prognosis com-

pared with the high-grade subtypes. We excluded primary

soft tissue osteosarcoma.

We analyzed the survival of metastatic and local/

regional disease separately, resulting in four distinct groups

(local/regional osteosarcoma, local/regional Ewing’s sar-

coma, metastatic osteosarcoma, and metastatic Ewing’s

sarcoma). All patients coded as having distant disease were

classified as having metastatic disease. Those coded with

localized or regional disease were classified as local/

regional. Patients coded as unstaged or blank were

excluded.

At the time of diagnosis, we identified 2183 cases of

local/regional osteosarcoma, 1225 cases of local/regional

Ewing’s sarcoma, 487 cases of metastatic osteosarcoma,

and 547 cases of metastatic Ewing’s sarcoma at risk and

available for analysis. With time, the number of patients at

risk and available for analysis steadily decreased (Table 1).

The majority of the patients were diagnosed in more recent

decades owing to the progressive expansion of the number

of contributing locations in the SEER database (Table 2).

Initially, we stratified each group based on decade of

diagnosis. We then calculated 5-year survival rates for all

patients at risk at the time of diagnosis and contingent on

1, 2, 3, 4, and 5 years of survival. Next, we specifically

analyzed patients from 1990 to 2009 together, eliminating

the patients earlier in the cohort who may not have had

access to modern chemotherapy, to give the most accurate

view of the current risk profile. Finally, we combined the

entire cohort to determine the 20-year survival estimates

from the time of diagnosis. Measurements of conditional

survival were calculated at 5 and 10 years of survival after

diagnosis.

Our survival analysis used an actuarial life table method

to determine cause-specific cancer survival, as we were

interested in survival in the absence of noncancer mortal-

ity. Any mortality attributable to cancer (recurrence,

spread, or a subsequent malignancy) qualifies as cause-

specific. The SEER registry abstracts information from
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death certificates in an attempt to specify the attributed

cause of death. Specifically, the underlying cause of death

is either categorized as cancer or other causes. Individuals

with a cause of death other than cancer were censored at

the time of death, but included for survival calculations up

until time of death. Patients with a missing or unknown

cause of death were excluded from all portions of the

survival analysis.

Results

The 5-year survival at baseline improved with time for

local/regional disease. For local/regional osteosarcoma, the

baseline 5-year survival for 1973 to 1979 was 51.7% (95%

CI, 44.6%, 58.4%), compared with 75.5% (95% CI, 72.4%,

78.2%) for 2000 to 2009 (Fig. 1). Similarly, the baseline

5-year survival for local/regional Ewing’s sarcoma was

49.8% (95% CI, 39.9%, 59.0%) for 1973 to 1979, com-

pared with 76.3% (95% CI, 72.2%, 79.9%) for 2000 to

2009 (Fig. 2). The baseline 5-year survival rates for

patients with metastatic disease at diagnosis showed a

similar trend in improvement with time. Specifically, in

metastatic osteosarcoma, the baseline 5-year survival

improved from 8.0% (95% CI, 1.4%, 22.5%) for 1973 to

1979 to 36.1% (95% CI, 29.6%, 42.7%) for 2000 to 2009

(Fig. 3). Baseline 5-year survival in metastatic Ewing’s

sarcoma increased from 13.7% (95% CI, 5.6%, 25.3%) for

1973 to 1979 to 30.2% (95% CI, 24.2%, 36.4%) for 2000 to

2009 (Fig. 4).

Combining the observations for 1990 to 2009 showed a

favorable increase in 5-year conditional survival estimates

Table 1. Number of subjects at risk at each time in the SEER

database, 1973–2009

Years

after

diagnosis

Number of subjects

Osteosarcoma

(local/

regional)

Ewing’s

sarcoma

(local/

regional)

Osteosarcoma

(metastatic)

Ewing’s

sarcoma

(metastatic)

0 2183 1225 487 547

1 1948 1098 323 387

2 1581 891 205 241

3 1361 736 141 165

4 1204 613 100 136

5 1063 535 82 106

10 561 280 32 58

20 244 107 3 22

Table 2. Number of subjects at baseline for each decade in the SEER

database, 1973–2009

Decade Number of subjects

Osteosarcoma

(local/

regional)

Ewing’s

sarcoma

(local/

regional)

Osteosarcoma

(metastatic)

Ewing’s

sarcoma

(metastatic)

1973–79 204 104 25 47

1980–89 303 194 61 76

1990–99 475 257 106 109

2000–09 1201 670 295 315

Fig. 1 A graph shows the cause-specific conditional survival of

patients with local/regional osteosarcoma. Each point represents the

5-year survival given the patient has survived 0 to 5 years after

diagnosis. Baseline 5-year survival for 1973 to 1979 was 51.7%,

compared with75.5% for 2000 to 2009.

Fig. 2 A graph shows the cause-specific conditional survival of

patients with local/regional Ewing’s sarcoma. Each point represents

the 5-year survival given the patient has survived 0 to 5 years after

diagnosis. Baseline 5-year survival was 49.8% for 1973 to 1979,

compared with 76.3% for 2000 to 2009.
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given a defined period of survival (Table 3). Interestingly,

the 5-year survival rates at baseline and 1 year were

essentially equivalent for local/regional disease.

For metastatic disease, the conditional survival

improved markedly, with a more vertical slope than local/

regional disease, with each additional year of survival.

The cause-specific likelihood of surviving 20 years after

diagnosis also increased the longer an individual survived,

but a small risk of cause-specific mortality remained

(Fig. 5). Given survival for 3 years after diagnosis, the

resulting 5-year conditional survival estimates were nearly

identical in each decade, with osteosarcoma at 85.2% in the

1970 s and 86.7% in the 2000 s and Ewing’s sarcoma at

80.5% in the 1970 s and 82.7% in the 2000 s. The finding

that the effect of decade of diagnosis diminished within the

first 5 years (that is, the survival estimate is essentially

equivalent regardless of decade of diagnosis given 5 years

Fig. 3 A graph shows the cause-specific conditional survival of

patients with metastatic osteosarcoma. Each point represents the

5-year survival given the patient has survived 0 to 5 years after

diagnosis (data points with fewer than five entries are not shown).

Baseline 5-year survival was 8.0% for 1973 to 1979, compared with

36.1% for 2000 to 2009.

Fig. 4 A graph shows the cause-specific conditional survival of

patients with metastatic Ewing’s sarcoma. Each point represents the

5-year survival given the patient has survived 0 to 5 years after

diagnosis. Baseline 5-year survival was 13.7% for 1973 to 1979,

compared with 30.2% for 2000 to 2009.

Table 3. Cause-specific 5-year conditional survival for osteosarcoma

and Ewing’s sarcoma in the SEER* database, 1990–2009

Years after

diagnosis

5-year survival (%)

Osteosarcoma

(local/

regional)

Ewing’s

sarcoma

(local/

regional)

Osteosarcoma

(metastatic)

Ewing’s

sarcoma

(metastatic)

0 74.8 72.9 35.5 31.7

1 74.8 73.4 44.5 40.6

2 82.1 78.8 58.3 53.1

3 86.6 84.1 70.4 65.8

4 89.7 89.0 80.5 75.3

5 91.4 92.5 85.4 83.6

Fig. 5 A graph shows the 20-year cause-specific survival from the

time of diagnosis in patients with osteosarcoma (OS) and Ewing’s

sarcoma (ES) at baseline and conditional on 5- and 10–year survival.

The 20-year survival after diagnosis, conditional on 10 years of

survival, was 97.9% for local/regional osteosarcoma, 94.5% for local/

regional Ewing’s sarcoma, 91.7% for metastatic osteosarcoma, and

89.2% for metastatic Ewing’s sarcoma.
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of survival) supports our decision to combine the entire

cohort for a long-term survival analysis.

The percentage of patients surviving 20 years after

diagnosis, conditional on 10 years of survival, was 97.9%

for local/regional osteosarcoma, 94.5% for local/regional

Ewing’s sarcoma, 91.7% for metastatic osteosarcoma, and

89.2% for metastatic Ewing’s sarcoma. Thus, we did not

find that the overall risk of cancer-related mortality com-

pletely disappears.

Discussion

Conditional survivorship is a measure of the risk of mortality

given that a patient has survived a defined period of time.

These estimates are clinically helpful and have not been

reported previously for osteosarcoma or Ewing’s sarcoma,

although they have for some other common malignancies,

including ovarian, brain, squamous cell, breast, pancreatic,

lung, melanoma, bladder, gastric, and rectal cancers [5, 6, 11,

15, 17, 20, 21, 27, 29–31]. In an analysis of high-grade

osteosarcoma and Ewing’s sarcoma in patients younger than

40 years at the time of diagnosis in the SEER database from

1973 to 2009, we found continual improvement in 5-year

conditional survival rates with each successive year of sur-

vival after diagnosis. In addition, we found that the baseline

5-year survival has improved with time in all cases. For local/

regional osteosarcoma and Ewing’s sarcoma, the 5-year

conditional survival rate given 3 years of survival is essen-

tially the same regardless of the decade of diagnosis. The

likelihood of surviving 20 years after diagnosis is near 90%

or greater for all groups at 10 years of survival. To our

knowledge, this is the first and only study to investigate the

conditional survival of osteosarcoma and Ewing’s sarcoma.

There are several limitations to our study that require

further explanation. First, the use of the SEER database,

while providing an ample number of cases to analyze, is

not without restrictions. We were not able to confirm the

accuracy of the histologic diagnosis or the presence of

metastatic disease at diagnosis. Further, we did not have

specific information regarding the details of treatment. This

does not change the validity of our estimates, but negates

the opportunity to stratify individuals by treatment

received. We also could not identify patients who presented

with pathologic fractures and the survival rates of this

cohort may be less than for patients without fractures. Most

importantly, we did not have information regarding the

development of local recurrence, metastatic spread, or

treatment-induced malignancy. Specifically, it was not

possible to distinguish disease-free survival or progression-

free survival from cause-specific survival. Knowledge of

the specific causes of cancer-related mortality (metastasis,

recurrence, or secondary malignancies) is unquestionably

important and the causes may be avenues for future

research.

We elected to include only cases of osteosarcoma and

Ewing’s sarcoma in patients younger than 40 years as the

chemotherapeutic protocols are similar in this cohort.

Patients older than this often have medical comorbidities

that may preclude an ideal dose of chemotherapy, reflected

in a poorer overall survival [7, 12]. Inclusion of the older

cohort likely would have made the survival estimates

smaller. In addition, we chose not to stratify the survival

estimates by the location of the tumor. Axial tumors are

known to have a poorer prognosis than extremity tumors

[3] and would be an interesting area for further study.

Finally, the number of 20-year survivors for metastatic

osteosarcoma (n = 3) and Ewing’s sarcoma (n = 22) were

small. We included the survival estimates in these entities

given the current lack of long-term survival data in the

literature, but the generalizability of the findings may be

limited owing to the sample size.

We found that, in metastatic and local/regional disease,

the baseline 5-year survival rates have improved with time.

This observation is consistent with previous investigations

[9, 22]. This almost certainly reflects continual improve-

ment in the diagnosis and treatment of osteosarcoma and

Ewing’s sarcoma (most notably the widespread use and

acceptance of chemotherapy in the early 1980 s) [13, 22],

although there remains much room for further gains. The

conditional survival estimates for each decade converge at

approximately 3 years after diagnosis. A possible expla-

nation is that a collection of 3-year survivors reflects a

selective cohort with a disproportionate representation of

surgically cured disease and outstanding responses to

chemotherapeutic modalities.

In general, we found that the conditional survival of

patients with local/regional osteosarcoma and Ewing’s

sarcoma improved with each additional year of survival. It

is notable that there was minimal change between the

baseline estimate and 1-year conditional survival estimate.

This potentially is explained by the first year after diag-

nosis representing a period of active treatment, and even

patients with a poor response to therapy or aggressive

biology may have reserves enough to survive 1 year. After

the first year, the survival estimate distinctly improves each

year.

The trend for metastatic osteosarcoma and Ewing’s

sarcoma is slightly different, as the interval changes are

larger in magnitude than local/regional disease. The

implication of this finding is that patients with advanced

disease, while having an overall poorer prognosis than

local/regional disease, experience a greater positive shift in

their risk profile with each passing year. A similar trend in

the improvement of 5-year survival rates with each addi-

tional year of survival has been noted for breast, colon,
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ovarian, uterine, melanoma, rectal, bladder, lung, and

pancreatic cancer [21].

The analysis of 20-year cause-specific survival from the

time of diagnosis suggests a small, but measurable, long-

term risk for mortality secondary to tumor recurrence,

dissemination, or subsequent malignancy. Although the

survival estimates improve with time, there are cancer-

related deaths occurring more than 10 years after treat-

ment. This implies that adverse oncologic events can

happen well after the initial tumor has been addressed and

potentially forgotten. While the SEER data do capture the

sequence of primary tumors in patients with more than one

primary, they do not distinguish death attributable to dis-

semination or recurrence of the primary tumor from

development of a lethal secondary malignancy. Previous

research showed that childhood survivors of osteosarcoma

and Ewing’s sarcoma have increased subsequent risk of

having an additional primary cancer develop [8], and this is

likely contributory to the remote cause-specific mortality

reflected in our data. Further evidence for late mortality

after a pediatric malignancy attributable to recurrence or

spread of the primary cancer, subsequent malignancy, or

treatment-related complications has been reported [1, 2, 26,

28], and our data support this concern.

We also question the nebulous concept of cancer cure

after treatment. Because most of the commonly reported

survival estimates are described as 5-year survival, there is

a temptation on the part of the patient and provider to

assume that the cancer is cured if an individual survives for

5 years after diagnosis. Our investigation clearly showed

that this is not the case. The survival rates in our cohort

improved with time, but not to the point where cancer

cause-specific mortality was negated. Previous studies have

recommended lifelong surveillance for patients with oste-

osarcoma and Ewing’s sarcoma to monitor for late

dissemination, recurrence, and secondary malignancy

[2, 26, 28]. More specifically, the National Comprehensive

Cancer Network recommends clinical and radiographic

followups for patients with osteosarcoma every 3 months

for Years 1 and 2, every 4 months for Year 3, every

6 months for Years 4 and 5, and annually thereafter [24].

Given the positive changes in risk profile with each year of

survival in combination with a definable risk of long-term

adverse events, our data support these recommendations of

gradually extending the time between evaluations yet

monitoring patients for life.

A final use of this investigation is as a tool for patient

counseling. The 5-year survival estimates change with

time, and clinicians may use these data to explain to

patients the continual improvement in their prognosis,

tempered with the definite need for continued monitoring.

Previous investigations have shown that disclosing solid

data, such as a numerical prognosis, is preferred by patients

and often will instill hope, even when the prognosis is

dismal [18, 19]. Because revision of the baseline 5-year

survival results in a more optimistic and encouraging

prognostic estimate in osteosarcoma and Ewing’s sarcoma,

the use of the most applicable conditional survival esti-

mates are likely to be appreciated and welcomed by

patients and their families.

We found that the conditional survival of patients with

osteosarcoma and Ewing’s sarcoma changes favorably as

individuals survive past their initial treatments. Patients

make substantial improvements in prognosis nearly every

year but continue to be at risk for mortality related to

cancer even after more than 10 years of survival. Our

findings support the need for lifelong surveillance of these

patients and supply a clinical tool that may be helpful in

counseling short- and long-term survivors of childhood

osteosarcoma and Ewing’s sarcoma.
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