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HIGHLIGHTS

Incidence
♦ Malignancies of the bone, with an average annual incidence rate of 8.7 per million

children younger than 20 years of age, comprised about 6% of childhood cancer
reported by SEER areas from 1975-95.

♦ In the US, 650-700 children and adolescents younger than 20 years of age are
diagnosed with bone tumors each year of which approximately 400 are osteosar-
coma and 200 are Ewing’s sarcoma.

♦ The two types of malignant bone cancer that predominated in children were os-
teosarcomas and Ewing’s sarcomas, about 56% and 34% of the malignant bone
tumors, respectively.

♦ Osteosarcomas derive from primitive bone-forming mesenchymal stem cells and
most often occur near the metaphyseal portions of the long bones.  The Ewing’s
sarcomas are believed to be of neural crest origin and occur roughly evenly between
the extremities and the central axis.

♦ For all bone cancer combined, a steady rise in incidence rates occurred with increas-
ing age between ages 5 and 10, and a steeper rise began at age 11 until age 15
coinciding with the adolescent growth spurt.  The peak incidence of bone cancer (19
per million) occurred at age 15, after which rates showed a decline (Figure VIII.2).

♦ Rates did not differ much by sex among younger children, but males had higher
incidence than females during adolescence (Figure VIII.4).

♦ For osteosarcoma, black children had a higher overall rate than did white children
(Figure VIII.7).  For Ewing’s sarcoma the racial variation in rates was dramatic:
white children had an approximate 6-fold higher incidence rate than black children
(Figure VIII.8).

♦ The most frequent site of bone cancer development was the long bones of the lower
limbs for osteosarcomas and the central axis for Ewing’s sarcomas (Figure VIII.9).

Survival
♦ The 5-year relative survival for children with bone cancer improved from 49% in the

period 1975-84, to 63% in the period 1985-94.  The survival rates improved between
the two time periods for both osteosarcoma (Figure VIII.11) and Ewing’s sarcoma
(Figure VIII.12).

♦ Survival rates for osteosarcoma were higher than those for Ewing’s sarcoma espe-
cially in the earlier time period (Figures VIII.11 and VIII.12).

Risk factors
♦ Although directed ionizing radiation exposure and a few genetic susceptibility

syndromes are associated with increased risk of osteosarcoma, to date no factor has
emerged to explain even a modest proportion of cases (Table VIII.2).  Other than
the important racial difference in incidence between black and white children, no
environmental factor or other characteristic has yet been shown to be a strong risk
factor for Ewing’s sarcoma (Table VIII.3).

James G. Gurney, Andrine R. Swensen, Marc Bulterys



ICCC VIII MALIGNANT BONE TUMORS

100National Cancer Institute SEER Pediatric Monograph

INTRODUCTION

This chapter describes the descriptive
epidemiology of childhood bone cancer,
including short discussions on survival and
risk factors for occurrence.  Sarcomas of the
bone and cartilage are a diverse group of
tumors comprising about 0.5% of all malig-
nancies in humans.  The relative magni-
tude of bone cancer, however, is consider-
ably higher in children than in adults [1].

About half of bone tumors that occur
among children are of nonmalignant histo-
pathology [2].  Because SEER case report-
ing is limited to primary malignant neo-
plasms, the information presented in this
report will refer only to malignancies of the
bone (bone cancer).  In the International
Classification of Childhood Cancer (ICCC)
classification system, bone cancers are
categorized as osteosarcomas, Ewing’s
sarcomas, chondrosarcomas, ‘other specified
malignant bone tumors’ and ‘unspecified
malignant bone tumors’ [3].  The two types

of bone cancer that predominate in children
are osteosarcomas and Ewing’s sarcomas.
For the 21-year period of 1975-95, there
were 1,657 children younger than 20 years
of age in the SEER areas who were diag-
nosed with a primary bone malignancy.
Osteosarcomas represented about 56% of
these tumors and Ewing’s sarcomas an
additional 34%.  In the US, 650-700 chil-
dren and adolescents younger than 20
years of age are diagnosed with bone
tumors each year of which approximately
400 are osteosarcoma and 200 are Ewing’s
sarcoma.

Osteosarcomas derive from primitive
bone-forming mesenchymal stem cells and
most often occur near the metaphyseal
portions of the long bones [3].  There is a
bimodal age distribution of osteosarcoma
incidence, with peaks in early adolescence
and in adults older than 65 years of age [1].
The Ewing’s sarcomas, which include
Ewing’s, atypical Ewing’s, and the periph-
eral primitive neuroectodermal tumor of
bone, are believed to be of neural crest

Figure VIII.1:  Percent distribution of bone cancers by histology
and age group, all races, both sexes, SEER, 1975-95

53.9

37

4.2

4.9

55.5

33.7

6

4.8

Osteosarcoma

Ewing's sarcoma

Chondrosarcoma

Others

010203040506070 0 10 20 30 40 50 60 70

Age <15 years Age <20 years

Relative percent



ICCC VIIIMALIGNANT BONE TUMORS

101National Cancer Institute SEER Pediatric Monograph

origin and occur roughly evenly between
the extremities and the central axis [5].
Ewing’s sarcoma is a disease primarily of
childhood and young adults; occurrence in
older adults is extremely rare [1].  Chondro-
sarcomas, which after osteosarcomas are
the most common of the bone malignancies
among adults [1], are very rare in children.
Figure VIII.1 presents the relative distribu-
tion of bone cancer by histologic types, both
for children younger than 15 years of age
and younger than 20 years of age.

INCIDENCE

Malignancies of the bone, with an
average annual incidence rate of 8.7 per
than 20 years, unless otherwise noted).
The histology-specific rates were 4.8 per
million for osteosarcoma, 2.9 per million for
Ewing’s sarcoma and 0.5 per million for
chondrosarcoma.

Age-specific incidence

Bone cancer represented only 0.5% of
all malignancies among children younger
than 5 years, compared with 5% for those
5-9 years, 11% for those 10-14 years, and
8% for adolescents 15-19 years.  Figure
VIII.2 shows 1-year age-specific rates for
all bone cancer combined and for specific
histologic subtypes. 1  For all bone cancer
combined, a steady rise in rates occurred
from ages 5 through 10, and a steeper rise
began at age 11.  The increase in rates
among older children appeared to coincide
with the adolescent growth spurt.  The
peak incidence of bone cancer (19 per
million) occurred at age 15, after which
rates showed a decline.  Incidence of chond-

Figure VIII.2:  Bone cancer age-specific incidence rates by histology
all races, both sexes, SEER, 1976-84 and 1986-94 combined
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Enumeration of the population at risk by single years of age was
available only for the census years 1980 and 1990.  The US Bureau
of the Census provides intercensal population estimates by 5-year
age groups, but not by single years of age.  Therefore, the
population estimates for 1980 were used in rate calculations for
cases diagnosed from 1976-84 and the 1990 estimates were used for
cases diagnosed from 1986-94.
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*Adjusted to the 1970 US standard population
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Figure VIII.3:  Bone cancer age-adjusted incidence* rates
by type and sex, age <20, all races, SEER, 1975-95
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Figure VIII.4:  Bone cancer age-specific incidence rates
by sex, all races, SEER, 1976-84 and 1986-94
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rosarcoma was very low at all ages.  Rates
of osteosarcoma and Ewing’s sarcoma were
similar until about age 10, when substan-
tially higher rates of osteosarcoma became
apparent.

Sex-specific incidence

The incidence rates of osteosarcoma
and Ewing’s sarcoma were slightly higher
for males relative to females, albeit the
absolute differences in rates were quite
small (Figure VIII.3).  Figure VIII.4 pre-
sents 1-year age and sex specific incidence
rates for all bone cancer combined.  The
incidence pattern by age is similar for
males and females, although from age 14
through 19 male rates are higher than
female rates.  For females, rates of bone
cancer peaked at age 13, while the highest
rates for males occurred from ages 15
through 17.

Black-white differences in incidence

One-year age specific incidence rates of
bone cancer are shown in FigureVIII.5 for
white and black children.  The age pattern
of bone cancer incidence was quite similar
by race, although higher rates among
whites were seen at virtually all ages.  The
overall incidence rate among white children
was 8.8 per million compared with 6.8 per
million for black children.  Figure VIII.6
shows that both white males and females
had higher rates than blacks of the same
sex, at about the same ratios.  This racial
disparity in bone cancer incidence was not
consistent across histologic subtypes.  For
osteosarcoma, black children had a higher
overall rate than did white children (Figure
VIII.7).  Rates were slightly higher in
blacks than in whites for each age group
except for those younger than 5 years of
age.  For Ewing’s sarcoma the racial varia-

Figure VIII.6:  Bone cancer age-adjusted* incidence rates 
by race and sex, age <20, SEER, 1975-95

*Adjusted to the 1970 US standard population
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Figure VIII.5:  Bone cancer age-specific incidence rates
by race, both sexes, SEER, 1976-84 and 1986-94 combined
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Figure VIII.7:  Osteosarcoma age-adjusted* incidence rates
by age group and race, both sexes, SEER, 1975-95

*Adjusted to the 1970 US standard population
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Figure VIII.8:  Ewing's sarcoma age-adjusted* incidence rates
by age group and race, both sexes, SEER, 1975-95

*Adjusted to the 1970 US standard population
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tion in rates was dramatic:  white children
had an approximate 6-fold higher incidence
rate than black children (Figure VIII.8),
thus entirely accounting for the white
preponderance in overall bone cancer rates.
This strong racial difference was apparent
in all age groups.  The fact that black
children in the US rarely develop Ewing’s
sarcoma has been observed for many years,
but the protective etiology has yet to be
elucidated.  It is interesting to note that in
several African countries the ratio of
Ewing’s sarcoma to osteosarcoma is very
similar to that of US blacks [6].

Bone cancer location

The most frequent site of bone cancer
development (57%) was the long bones of
the lower limbs.  The site distribution of
Ewing’s sarcomas, however, differed sub-
stantially from that of osteosarcomas
(Figure VIII.9).  The long bones of the lower
limb were the site of 78% of osteosarcomas,

Figure VIII.10:  Trends in bone cancer age-adjusted*
incidence rates by histology, age <20 all races 

both sexes, SEER, 1975-95
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Figure VIII.9:  Anatomic site distribution of bone
 cancer by histology, age <20, all races, both sexes
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but only 29% of Ewing’s sarcomas.  The
central axis (vertebral column; rib, ster-
num, and clavicle; pelvic, sacrum, and
coccyx) was the most frequent site for
Ewing’s sarcomas (45%), where osteosarco-
mas are relatively unusual.

Trends in incidence rates

Figure VIII.10 shows histology-specific
incidence rates by single year of diagnosis
from 1975-95.  It is unclear why rates of
both osteosarcoma and Ewing’s sarcoma
were lower from 1975-78 than in later
years.  Table VIII.1 shows the average
rates of bone cancer during the time peri-
ods of this study.

Table VIII.1: Average age-adjusted* incidence rates
per million children for bone cancer
all races, both sexes, age<20, SEER 1975-95

1975-79 1980-84 1985-89 1990-95
Osteosarcoma 3.7 4.9 5.4 5.3
Ewing’s Sarcoma 2.6 3.4 2.9 2.9
All Bone Cancer 7.4 9.0 9.2 9.2
*Adjusted to the 1970 US standard population
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Figure VIII.11:  Osteosarcoma 5-year relative survival rates
by sex, race, age and time period, SEER (9 areas), 1975-84 and 1985-94
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Figure VIII.12:  Ewing's sarcoma 5-year relative survival rates
by sex, race, age and time period, SEER (9 areas), 1975-84 and 1985-94
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SURVIVAL

The 5-year relative survival for
children with bone cancer improved from
49% in the period 1975-84, to 63% in the
period 1985-94.  The time period for
relative survival is 1985-94 unless other-
wise noted.  Females had better 5-year
survival probability (70%) than males
(59%) and there was only a slight differ-
ence in survival between blacks (60%)
and whites (63%).  No notable survival
differences were observed across 5-year

age groups.  For osteosarcoma the 5-year
relative survival was 63% (59% for males,
70% for females).  Prognosis for Ewing’s
sarcoma was somewhat poorer than for
ostoesarcoma.  The overall 5-year relative
survival for Ewing’s sarcoma was 58%, and
again there was a notable difference by sex
(50% for males, 68% for females).  Although
survival did not differ substantially by tumor
site for osteosarcoma, children with Ewing’s
sarcoma of the pelvic, sacrum, or coccyx has
survival probabilities of under 35%.

Known risk factors

Factors for which
evidence is limited or
inconsistent

  Table VIII.2:  Current knowledge on causes of osteosarcoma

Exposure or Characteristic Comments References

Prior treatment for childhood
cancer with radiation
therapy and/or chemotherapy

There is an increased risk following radiotherapy
for childhood cancer.

Independent of radiotherapy, treatment with
alkylating agents increases the risk of developing
osteosarcoma.

7-9

Hereditary retinoblastoma,
Li-Fraumeni syndrome, and
Rothmund-Thomson
syndrome

Increased risk is well documented for these
genetic conditions.

10-13

Radium High doses of the radioisotope radium are known
to cause osteosarcoma in adults.  Whether the low
levels sometimes found in drinking water confer
risk to children or adults is unknown.

1,14

Growth and development There has been some suggestion that taller
stature is associated with an increased risk, but
the results of more recent studies do not support
this finding. One study showed an association
with earlier age at onset of secondary sex
characteristics in females and lower weight gain
during pubertal growth spurt in males.

15-19

Prior trauma to tumor site One study found a small positive association
between damage to the tumor site and increased
risk of osteosarcoma.

16

Prenatal exposure and
development

Short birth length and fetal x-rays were
associated with an increased risk in a single
study.

16

Parental exposures An association with chicken farming and another
with gardening with fertilizer, herbicides or
pesticides have been reported in single studies.

20-21

Fluoride in drinking water The few epidemiologic studies as well as ecologic
and time trend analyses suggest that fluoride is
unlikely to cause osteosarcoma.

22-25



ICCC VIII MALIGNANT BONE TUMORS

108National Cancer Institute SEER Pediatric Monograph

RISK FACTORS

Unfortunately, the current state of
knowledge regarding the causes of bone
cancer is limited.  Table VIII.2 briefly
summarizes results from a number of
epidemiologic studies that have been con-
ducted on children with osteosarcoma.
Although directed ionizing radiation expo-
sure and a few genetic susceptibility syn-
dromes are associated with increased risk
of osteosarcoma, to date no factor has
emerged to explain even a modest propor-
tion of cases.  The same is true for Ewing’s
sarcoma.  Other than the important racial
difference in incidence between black and
white children, no environmental factor or
other characteristic has yet been shown to
be a strong risk factor for Ewing’s sarcoma
(TableVIII.3).

SUMMARY

In this descriptive analysis of the
population-based SEER data, bone cancer
represented about 6% of malignancies in
children younger than age 20 years, with
an average annual incidence rate of 8.7
cases per million children from 1975-95 (9.2
per million from 1990-95).  Incidence in-
creased with increasing age until late
adolescence.  Rates did not differ much by
sex among younger children, but males had
higher incidence than females during
adolescence.  Osteosarcoma and Ewing’s
sarcomas were the most common malignan-
cies of bone in children.  Black children had
slightly higher rates of osteosarcoma rela-
tive to white children, while incidence of
Ewing’s sarcoma was dramatically higher
among white compared with black children.
The most common site for development of

Risk factors for which
evidence is limited or
inconsistent

Table VIII.3:  Current knowledge on causes of Ewing’s Sarcoma (ES)

Exposure or Characteristic Comments References

Race ES is almost exclusively a disease of white children.
Rates in whites are approximately 9 times those in blacks.

18,26,27

Growth As for osteosarcoma, recent studies have not found a
consistent association with increased height or weight, or
age at pubertal growth spurt.

15,18,27-30

Hernia An association was found between hernias and increased
risk in one study.

29

Paternal occupation Paternal occupation in agriculture has been associated
with increased risk in two studies, although only in one
were the results statistically significant.

29,30

Ingestion of poison or
overdose of medication

A prior poisoning episode was more common among cases
than controls in a single study.

30

Family history of cancer ES has been reported in several pairs of siblings.
However, more than one family member with ES is rare.
In a study of over 200 cases, none had a relative with ES.
Unlike osteosarcoma, ES is not part of the Li-Fraumeni
syndrome.

12,31-32

Known risk factors



ICCC VIIIMALIGNANT BONE TUMORS

109National Cancer Institute SEER Pediatric Monograph

Reference List

1. Miller RW, Boice JD Jr, Curtis RE. Bone Cancer.
Schottenfeld D, Fraumeni JF, Editors. Cancer
Epidemiology and Prevention. 2nd ed. New
York: Oxford University Press; 1996;44:971-983.

2. Dahlin DC, Unni KK. Bone Tumors: General
Aspects and Data on 8542 Cases. 4th ed.
Springfield, IL: Charles C. Thomas; 1986.

3. Kramarova E, Stiller CA. The international
classification of childhood cancer. Int J Cancer.
1996;68:759-765.

4. Link MP, Eiler F. Osteosarcoma. Pizzo PA,
Poplack DG, Editors. Principles and Practices of
Pediatric Oncology. 3rd ed. Philadelphia, PA:
Lippencott-Raven; 1997:889-919.

5. Horowitz ME, Malawer MM, Woo SY, Hicks MJ.
Ewing’s Sarcoma Family of Tumors: Ewing’s
Sarcoma of Bone and Soft Tissue and the
Peripheral Primitive Neuroectodermal Tumors.
Pizzo PA, Poplack DG, Editors. Principles and
Practices of Pediatric Oncology. 3rd ed. Philadel-
phia, PA: Lippencott-Raven; 1997:831-888.

6. Parkin DM, Stiller CA, Draper GJ, Bieber CA.
The international incidence of childhood cancer.
Int J Cancer. 1988;42:511-520.

7. Tucker MA, D’Angio GJ, Boice JD,et al. Bone
sarcomas linked to radiotherapy and chemo-
therapy in children. New Eng J Med
1987;317:588-593.

8. Hawkins MM, Wilson LMK, Burton HS, et al.
Radiotherapy, alkylating agents, and risk of
bone cancer after childhood cancer. J Natl
Cancer Inst. 1996;88:270-278.

9. Newton WA, Meadows AT, Shimada H, et al.
Bone sarcomas as a second malignant neoplasm
following childhood cancer. Cancer 1991;67:193-
201.

10. Wong Fl, Boice JD, Abramson DH, et al. Cancer
incidence after retinoblastoma. Radiation dose
and sarcoma risk. JAMA 1997;278:1262-1267.

11. Hansen MF, Koufos A, Gallie BL, et al. Osteosa-
rcoma and retinoblastoma: a shared chromo-
somal mechanism revealing recessive predispo-
sition. Proc Natl Acad Sci 1985;82:6216-6220.

12. Li FP, Fraumeni JF, Mulvihill JJ, et al. A cancer
family syndrome in twenty-four kindreds.
Cancer Res 1988; 48:5358-5362.

13. Leonard A, Craft AW, Moss C, and Malcolm AJ.
Osteogenic sarcoma in the Rothmund-Thomson
syndrome. Med Pediatr Oncol 1996;26:249-253.

14. Finkelstein MM and Kreiger N. Radium in
drinking water and risk of bone cancer in
Ontario youths: a second study and combined
analysis. Occup Environ Med. 1996 May;
53(5):305-11.

15. Fraumeni JF, Jr. Stature and malignant tumors
of bone in childhood and adolescence. Cancer
1967;20:967-973.

16. Operskalski EA, Preston-Martin S, Henderson
BE, and Visscher BR. A case-control study of
osteosarcoma in young persons. Am J Epidemiol
1987;126:118-126.

17. Pui CH, Dodge RK, George SL, and Green AA.
Height at diagnosis of malignancies. Arch Dis
Child 1987;62:495-499.

18. Buckley JD, Pendergrass TW, Buckley CM,
Pritchard DJ, Nesbit ME, Provisor AJ and
Robison LL. Epidemiology of osteosarcoma and
Ewing’s sarcoma in childhood: A study of 305
cases from the Children’s Cancer Group. Cancer.
Cancer 1998;83:1440-8.

19. Gelberg KH, Fitzgerald EF, Hwang SA, and
Dubrow R. Growth and development and other
risk factors for osteosarcoma in children and
adults. In J Epidemiol 1997;26:272-278.

20. Schwartzbaum JA, George SL, Pratt CB and
Davis B. An exploratory study of environmental
and medical factors potentially related to
childhood cancer.  Med Pediatr Oncol.
1991;19:115-121.

21. Kristensen P, Andersen A, Irgens LM, Bye AS,
Sundheim L. Cancer in offspring of parents
engaged in agricultural activities in Norway:
Incidence and risk factors in the farm environ-
ment. Int J Cancer 1996; 65:39-50.

22. Moss ME, Kanarek MS, Anderson HA, et al.
Osteosarcoma, seasonality and environmental
factors in Wisconsin, 1979-1989. Arch Environ
Health 1995;50:235-241.

23. Young FE. Public health report on fluoride
benefits and risks. JAMA 1991; 266:1061-1067.

osteosarcoma was the long bones of the
lower limbs, while Ewing’s sarcoma most
frequently developed in bones of the central
axis.  Except for the first few years of the
data collection, incidence rates of bone
cancer have been stable.  The etiology of
bone cancer remains uncertain and the few
risk factors that have been identified
explain only a very small proportion of the
incidence of these diseases.  The 5-year
relative survival for children with bone
cancer improved from 49% in the period
1975-84, to 63% in the period 1985-94.  In
general, 5-year relative survival for os-
teosarcoma was slightly better than for
Ewing’s sarcoma.  For both diseases, how-
ever, females had notably better survival
than males.



ICCC VIII MALIGNANT BONE TUMORS

110National Cancer Institute SEER Pediatric Monograph

24. McGuire SV, Vanable ED, McGuire MH, et al. Is
there a link between fluoridated water and
osteosarcoma? J Am Dent Assoc. 1991;122:38-
45.

25. Gelberg KH, Fitzgerald EF, Hwang SA, and
Dubrow R. Fluoride exposure and childhood
osteosarcoma: a case-control study. Am J Pub
Health 1995;85:1678-1683.

26. Gurney JG, Severson RK, Davis S, and Robison
LL. Incidence of cancer in children in the United
States. Cancer 1995;75:2186-2195.

27. Polednak AP. Primary bone cancer incidence in
black and white residents of New York state.
Cancer 1985;55:2883-2888.

28. Pendergrass TW, Foulkes MA, Robison LL, and
Nesbit ME. Stature and Ewing’s sarcoma in
childhood. Am J Pediatr Hematol Oncol
1984;6:33-39.

29. Winn DM, Li FP, Robison LL, Mulvihill JJ, and
Fraumeni JF, Jr. A case-control study of the
etiology of Ewing’s sarcoma. Cancer Epidemiol
Biomarkers Prev 1992;1:525-532.

30. Holly EA, Aston DA, Ahn DK, and Kristiansen
JJ. Ewing’s bone sarcoma, paternal occupational
exposure, and other factors. Am J Epidemiol
1992; 135:122-129.

31. Hartley AL, Birch JM, Blair CV, Teare MD,
Marsden HB, and Harris M. Cancer Incidence
in the families of children with Ewing’s sar-
coma. J Natl Cancer Inst. 1991 Jul 3;83(13):955-
6.

32. Novakovic B, Tucker MA, Wexier L, Horowitz M,
McLure L. Risk of cancer in families of patients
with Ewing’s sarcoma family of tumors. Ann
Meet Am Assoc Cancer Res 1994;35:A1729.


