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Letter to the Editor

Adolescent Bone Cancer: is the Growth Spurt

Implicated?

DOUGLAS DIX, MARGARET McDONALD and PATRICIA COHEN
Department of Biology and Health Science, University of Hartford, West Hartford, CT 06117, U.S.A4.

BONE cancer exhibits an unusual age-incidence
pattern, with peak incidence occurring in
adolescence [1-6]. Many investigators have
suggested a correlation between growth rate and
the incidence rate of adolescent bone cancer [2-7].
Close inspection, however, does not support such
a correlation: (1) rate of growth is maximal during
the fourth month of gestation and even between
birth and age 2 yr, the rate of growth exceeds
that at the peak of the adolescent growth spurt
[8, 91, but the incidence of bone cancer is minimal
below 2 yr of age [1-6]; (2) the incidence of bone
cancer begins to increase in childhood [1-6] well
before the beginning of the adolescent growth
spurt and at a time when growth is slow [8, 9]; (3)
the incidence of bone cancer remains substantial
after age 20yr [2], when growth becomes
negligible {8, 9].

It is possible to imagine that neoplastic
mutations accumulate during rapid proliferation
of bone cells in gestation and infancy and are then
promoted by the adolescent growth spurt [10, 11].
But such theories are subtle, complicated and
unsubstantiated at present. In addition, any
theory advocating a causal relationship between
the rates of growth and bone tumor incidence
must ultimately account for the lack of
correlation between rates of growth and tumor
incidence in tissues other than bone. Many tissues
participate in gestational and adolescent growth
spurts [8, 9], but only bone exhibits peak tumor
incidence in adolescence. We conclude that rate of
growth is inadequate as an explanation for, and
may be irrelevant to, the unique age-incidence
pattern for bone cancer. This conclusion is
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supported by the identical growth rates exhibited
by patients with osteosarcoma and their healthy
identical twins [12]. In addition, Ewing’s sarcoma
is almost absent in blacks [13]. The strong racial
difference in frequency of occurrence of Ewing’s
sarcoma argues against an etiologic mechanism,
such as growth rate or bone reconstruction, which
is racially indistinct.

Cells are most susceptible to mutation during
genome replication [14]. If the age-incidence
pattern for bone cancer was determined primarily
by the susceptibility of bone cells to neoplastic
mutation, the age-incidence pattern for bone
cancer might correlate with the rate of bone cell
proliferation, i.e. with growth. The fact that such
a correlation is not obvious suggests that the
susceptibility of bone cells to mutation is not the
dominant determinant of the unique age-
incidence pattern. This suggestion is supported
by the finding that no age from infancy through
adolescence was more or less vulnerable to
radiation-induced bone carcinogenesis [15].

Adolescent bone cancer is more common in
males than in females [1-3,5,6,16]. This is
consistent with positive correlations between
stature and bone tumor incidence which have
been observed in humans [4, 7] and in dogs [17].
But the correlations are unlikely to be a
consequence of differences in growth rates.
Stature itself is a measure of the number of targets
for carcinogenic events and thus represents a
sufficient explanation for the correlations with
bone tumor incidence [16].

We have concluded previously that suscepti-
bility to neoplastic mutation is the dominant
determinant of the age-incidence patterns for the
vast majority of human cancers [18-20]. This
explanation is unlikely to apply to bone cancer.
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We suggest that the neoplastic mutagenicity of be the dominant determinant of the adolescent
the bone environment, e.g. viruses [21], is likely to incidence peak for bone cancer.
REFERENCES

1. ALTMAN AL]J, SCHWARTZ AD. Malignant Diseases of Infancy, Childhood, and
Adolescence. Philadelphia, Saunders, 1978, 405-407.
2. FRAUMENI JF. Bone cancer: epidemiologic and etiologic considerations. In: VAETH
JM, ed. Frontiers in Radiation and Therapeutic Oncology. 1975, Basel, Karger, 17-27.
3. GraAss AG, FRAUMENI JF. Epidemiology of bone cancer in children. J Natl Cancer Inst
1970, 44, 187-199.
4. FRAUMENI JF. Stature and malignant tumors of bone in childhood and adolescence.
Cancer 1967, 20, 967-973.
5. MILLER RW. Relation between cancer and congenital defects: an epidemiologic
evaluation. J Natl Cancer Inst 1968, 40, 1079-1085.
6. Eperer F, MILLER RW, ScotrTOo J. U.S. Childhood cancer mortality patterns,
1950-1959. JAM A 1965, 192, 593-596.
7. ScraNTON PE Jr, DECGicco FA, ToTrTEN RS, Yunis E]J. Prognostic factors in
osteosarcoma. Cancer 1975, 36, 2179-2191.
8. MoseLy CF. Growth. In: LOWELL WW, WINTER RB, eds. Pediatric Orthopaedics.
Philadelphia, Lippincott, 1978, 27-39.
9. SmiTH DW. Growth and Its Disorders. Philadelphia, Saunders, 1977, 1-17.
10. ACHESON RM. A hypothesis regarding the possible role of anabolic steroid hormones as
promoters of neoplasia of bone and bone marrow at adolescence. Yale J Biol Med 1963,
36, 43-52.
11. JOHNSON L. A general theory of bone tumors. Bull NY Acad Sci 1953, 29, 164-171.
12. Sutrow WW. Discussion 1. Natl Cancer Inst Monogr 1981, 56, 15.
13. MiLLER RW. Contrasting epidemiology of childhood osteosarcoma, Ewing’s sarcoma,
and rabdomyosarcoma. Natl Cancer Inst Monogr 1981, 56, 9-14.
14. CAIRNS J. Mutation selection and the natural history of cancer. Nature (Lond) 1975,
255, 197-200.
15. Spiess H, Mays CW. Bone cancers induced by ?**Ra (Th X) in children and adults.
Health Phys 1970, 19, 713-729.
16. PrICE CHG. Primary bone-forming tumours and their relationship to skeletal growth.
J Bone Joint Surg (Am) 1958, 40B, 575-593,
17. TJALMA RA. Canine bone sarcoma: estimation of relative risk as a function of body size.
J Natl Cancer Inst 1966, 36, 1137-1150.
18. Dix D, COHEN P, FLANNERY ]. On the role of aging in cancer incidence. J Theor Biol
1980, 83, 163-173.
19. CoHEN P, CONNETTA B, DIX D, FLANNERY ]. The incidence of hematologic tumors: a
cellular model for the age dependence. ] Theor Biol 1981, 90, 427-436.
20. Drx D, BRETON D, COHEN P. The incidence of male genital tumors: a cellular model for
the age dependence. Yale | Biol Med 1981, 54, 203-298.
21. FINKEL MP, REILLY CA, Biskis BO. Viral etiology of bone cancer. In: VAETH JM, ed.
Frontiers in Radiation and Therapeutic Oncology. 1975, Basel, Karger, Vol. 10, 28-39.



