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Summary We have collected data on 111 cases of malignant tumors arising 
in patients with congenital, mostly hereditary bone dyspiasias by means of a 
questionnaire. 

In addition to such well-recognized associations as: chondrosarcoma in 
osteochondroma, sarcomas in fibrous dysplasia, chondrosarcoma in enchondro- 
matoses, and chondrosarcoma in Maffucci syndrome, there were several com- 
binations of tumor and bone dysplasia which have not been well documented. 
These combinations included three cases of osteosarcoma arising in osteo- 
genesis imperfecta tarda, 3 cases of osteosarcoma in Rothmund-Thomson 
syndrome, a case of osteosarcoma and a case of chondrosarcoma in spondylo- 
epiphyseal dysplasia tarda, 2 cases of lymphoma in metaphyseal chondrodys- 
plasia, type McKusick, and a case of chondrosarcoma in Gardner syndrome. 

While the coexistence of malignancy and bone dysplasia may in some com- 
binations be only coincidental, in some other combinations, an interrelationship 
of the two conditions seems to be possible. The possibilities of such relation- 
ship are briefly discussed. 

INTRODUCTION 

The pathogenetic mechanisms involved in the occurrence of malignant tumors in 
patients with congenital, or hereditary bone diseases are so complex that they are not 
fully understood. Such a coexistence of malignancy in bone dysplasias had been 
thought to be a rare occurrence, and actual incidence has not been studied clearly as 
yet. 

We collected data on 111 cases of malignant tumors arising in patients with bone 
dysplasias through a questionnaire. The purpose of this paper is to publish the data 
obtained and to review the literature. 
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METHODS AND RESULTS 

We sent out a questionnaire regarding the coexistence of malignant tumors in 
patients with bone dysplasias to 71 orthopaedic clinics of Japanese Medical Schools, 

and to eleven foreign authorities: Dr. P. Beighton, Cape Town, South Africa; Dr. M. 
Campanacci, Bologna, Italy; Dr. D.C. Dahlin, Rochester, USA; Dr. A. Giedion, 
Ziirich, Switzerland; Dr. A.G. Huvos, New York, USA; Dr. K. Kozlowski, Sydney, 
Australia; Dr. P. Maroteaux, Paris, France; Dr. U. Nilsonne, Stockholm, Sweden; 
Dr. D.L. Rimoin, Torrance, USA; Dr. D. Sillence, Sydney, Australia; Dr. J. Spranger, 

Mainz, West Germany. 
Answers were obtained from 38 orthopaedic clinics in Japan and all the foreign 

authorities; in total, data on t 11 cases were collected. These appear in Tables 1 and 

2. 

DISCUSSION 

As shown in Tables 1 and 2, there were 74 cases of chondrosarcoma arising in 
solitary or multiple osteochondromas, 14 cases of osteo-, fibro- or chondrosarcoma 
in fibrous dysplasia, 6 cases of chrondrosarcoma in enchondromatoses, and 3 cases of 
chondrosarcoma in Maffucci syndrome. These associations already have been well- 

Table 1. Malignant tumors in bone dysplasias. 

M F ? Total 

Osteosarcoma Fibrous dysplasia 4 1 3 8 
Rothmund-Thomson syndrome 3 0 0 3 
Osteogenesis imperfecta tarda 2 0 1 3 
Spondyloepiphyseal dysplasia tarda 1 0 0 1 
"Dwarfism" 2 1 0 3 

Chondrosarcoma Osteochondroma !2 2 60 74 
Enchondromatosis 1 5 0 6 
Maffucci syndrome 2 1 0 3 
Fibrous dysplasia 2 9 0 2 
Spondyloepiphyseal dysplasia tarda 1 0 0 1 
Gardner syndrome 0 0 1 1 

Fibrosarcoma Fibrous dysplasia 2 1 1 4 

Lymphoma Metaphysealchondrodysplasia, 0 2 0 2 
type McKusick 

Total 32 13 66 111 
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Table 2. Bone diseases associated with malignant tumors. 

33 

Osteochondroma § Chondrosarcoma 74 
Enchondromatosis + Chondrosarcoma 6 

Maffucci syndrome § Chondrosarcoma 3 

Fibrous dysplasia+ Osteosarcoma 8 
+ Chondrosarcoma 2 

+Fibrosarcoma 4 

Rothmund-Thomson syndrome + Osteosarcoma 3 
Osteogenesis imperfecta § Osteosarcoma 3 

Spondyloepiphyseal dysplasia tarda+Osteosarcoma 1 
§ 1 

Metaphyseal chondrodysplasia (type McKusick)+Lymphoma 2 

Gardner syndrome + Chondrosarcoma 1 
"Dwarfism" q-Osteosarcoma 3 

Total 111 

recognized; the incidence of chondrosarcoma in osteochondroma is presumed to be 
5 - 2 5 ~  (Huvos, 1979); chondrosarcoma in enchondromatoses 32 -50~ ;  chondro- 
sarcoma in Maffucci syndrome 15~  (Lewis and Ketcham, 1973); sarcomas in fibrous 
dysplasia 3.3 ~ (Campanacci et al., 1979). 

In addition to the well-known associations mentioned above, there were several 
combinations of malignant tumor and bone dysplasia which have not been well-re- 
cognized as yet. Our discussion will be focused mainly on these relatively rare asso- 
ciations. 

1) Osteosarcoma arising in osteogenesis imperfecta tarda 
Osteogenesis imperfecta tarda is a relatively uncommon bone dysplasia inherited 

as autosomal dominant transmission. The clinical features are characterized by ab- 
normal bone fragility, blue sclera and deafness. 

Three cases listed in Tables 1 and 2 were informed by Prof. Spranger and these 
consisted of the cases reported by Lasson et al. (1978) and Rutkowski et al. (1979), 
and one case from Dr. Dahlin. From the orthopaedic clinics in Japan, no case was 
cited. 

The first case of osteosarcoma occurring in osteogenesis imperfecta tarda was 
reported by Jewell et al. in 1940. Since then, several cases have been reported in the 
literature (Roschlau, 1962; Klenerman et al., 1967; Lasson et al., 1978; Rutkowski 
et al., 1979; Reid and Hubbard,  1979). Rutkowski reported a 15-year-old boy and 
stated that osteosarcoma was extremely rare in association with osteogenesis imper- 
fecta tarda, and that only 8 cases have been reported in the literature. 
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The significance of the association of both conditions has not been fully under- 
stood. According to Solomons (1976), "cancer resistance" in patients with osteo- 
genesis imperfecta tarda had been previously reported from epidemiological studies. 
Klenerman et aL (1967) reported two girls with osteosarcoma in osteogenesis imper- 
fecta tarda and suggested that the tumors arose spontaneously and were not related to 
the underlying bone disorder. Lasson et al. (1978) also stated that both disorders 
were rare, so the question of a more than coincidental occurrence cannot be answered. 
They suggested that the number of osteosarcoma cases might be much higher if multiple 
fractures and/or metallic foreign bodies for the treatment of fractures played an etio- 
logic role in tumor generation in patients with osteogenesis imperfecta tarda. These 
concepts, however, have not been established. Furthermore, in their answers to our 
questionnaire, Prof. Beighton and Prof. Sillence mentioned that among 300 and 250 
patients respectively with osteogenesis imperfecta tarda, they personally did not observe 
even a single case of malignant tumor. Thus, it seems reasonable to assume that the 
coexistence of both diseases may be extremely rare. 

Hyperplastic callus formation occurring in osteogenesis imperfecta tarda has been 
well-recognized. Clinical pictures of this condition can resemble osteosarcoma, and 
from a clinical viewpoint alone, the two sometimes indistinguishable. To avoid the 
confusion, adequate biopsy should be advocated. 

2) Osteosarcoma arising in Rothmund-Thomson syndrome 

Rothmund-Thomson syndrome, or poikiloderma congenitale, is a rare autosomal 
recessive disorder. It was first described by Rothmund in 1868, and later by Thomson 
in 1923. The syndrome is characterized by peculiar atrophic skin changes, erythema, 
teleangiecta~ia, sunlight sensitivity, short stature, sparse eyebrows and lashes with or 
without cataracts, defective bone development most evident in short tubular bones, 
and defective dentition (Hall et al., !980). 

Two of the three cases listed in Tables 1 and 2 are Japanese boys, and the remain- 
ing case, a 13-year-old boy was reported from Australia (Kozlowski et al., 1980). In 
addition, there are three cases reported in the literature: Roschlau (1962) described 
a boy with Rothmund-Thomson syndrome who developed an osteosarcoma of the 
right femur and died of lung metastases; Dick et al. (1982) reported a 5-year-old girl 
who developed an osteosarcoma of the left tibia; Davies (1982) described a adult 
patient who developed an osteosarcoma of the left humerus. 

Because Rothmund-Thomson syndrome is a very rare disease and osteosarcoma 
is not a common tumor, six cases--three cases collected through the questionnaire, 
and three cases in the literature--may suggest some interrelationship between the two 
conditions. Moreover, taking into account the fact that in Werner syndrome--dis- 
tinct but apparently related to Rothmund-Thomson syndrome--six of 62 cases had 
malignant tumors (Perloff and Rhelps, 1958), the possibility that two conditions are 
related in their underlying mechanism can not be excluded. Although not convinc- 
ingly proven, Dick et aL (1982) suggested that the possible link of the association which 
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has not been elucidated by current technique, might be through a subtle defect in re- 
pairing the damaged DNA. 

3) Osteo- and chondrosareoma arising in spondyloepiphyseal dysplasia tarda 
Spondyloepiphyseal dysplasia tarda (SED tarda) is a rare inherited bone dysplasia 

with a likely prevalence of around 7.7 per million (Branford et al., 1982). Although 
several types have been reported in the literature, the X-linked recessive form appears 
to be most frequent (Bannerman et al., 1971). It was first described in three affected 
brothers by Nilsonne in 1927. The term spondyloepiphyseal dysplasia tarda was coined 
by Maroteaux et al., 1957. 

The clinical features of this bone dysplasia are characterized by short stature due 
to impaired growth of the spine, which is first evident in childhood between 5-14 years. 
Radiologically platyspondylia with central humping, dysplastic changes in femoral 
heads and neck and minor changes in other bones can be observed. 

In Tables 1 and 2, there are two cases of SED tarda with malignant tumors. The 
case with osteosarcoma is our own, the other is a case with chondrosareoma received 
in an answer from a Japanese orthopaedic clinic. 

In reviewing the literature regarding SED tarda, we could not find any case as- 
sociated with malignant tumor other than the patient reported by Branford et al. (1982). 
That patient had SED tarda and also poikiloderma atrophicans vasculare progressing 
to lymphocytic lymphoma. The lymphoma seemed to be related to the skin changes 
and not to the bone dysplasia. 

At present, because of the small number of patients reported in the literature, 
the interrelationship between SED tarda and sarcoma is uncertain. 

4) Lymphoma arising in metaphyseal chondrodysplasia, type McKusick 
Metaphyseal chondrodysplasia, type McKusick, or cartilage-hair hypoplasia, is a 

rare autosomal recessively inherited bone dysplasia. It was first described by Mc- 
Kusick (1964) based on 77 affected individuals in Old Order Amish. 

As shown in Tables 1 and 2, two cases of lymphoma arising in patients with meta- 
physeal chondrodysplasia, type McKusick, were collected. One is a case of histiocytic 
lymphoma in a 35-year-old female in answer from Dr. Turack-Garcia (Dr. Rimoin's 
case), and the other is our own case of malignant lymphoma originating from the 
thyroid gland in a 7-year-old Japanese girl. 

Clinical features of metaphyseal chondrodysplasia, type McKusick, include short- 
limbed dwarfism, metaphyseal chondrodysplasia and abnormally fine, blonde, sparse 
hair. Associated abnormalities include aganglionic megacolon, malabsorption, neu- 
tropenia and lymphopenia. It was noted that the affected individuals are unusually 
susceptible to infections with varicella and vaccinia viruses, and such a severe response 
to these viral infections suggests some kind of immune deficiency in this syndrome. 
In fact, Lux et al. (1970) reported that some children with this disorder have a distinct 
form of cellular immune defect. Vilolainen et al. (1978) stated that a defect in cellular 
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immunity is ma integral part of this bone dysplasia. Wilson et al. (1978) also reported 
that deficiency of both cellular and antigen function have been demonstrated in this 
bone dysplasia. 

Kersy et aI. (I974) suggested that the risk of  death from malignancy in children 
with primary immunodeficiency disease appeared to be about 100 times greater than 
that of the general population, and that the increased risk of development of malignancy 
might be largely due to the intrinsic lymphoid abnormalities resulting in greater than 
normal malignant transformation of lymphoid cells. They also suggested that chronic 
antigenic stimulation possibly with oncogenic viruses might also account for the high 
rate of lymphoid malignancies. Thus, in view of the above-mentioned considerations, 
we feet that a relationship between lymphoma and metaphyseal chondrodysplasia, type 
McKusick, may be quite possible. 

5) Chondrosarcoma arising in Gardner syndrome 

Gardner syndrome was first described by Gardner et al. during the years 1951- 
1953. The clinical features are characterized by the triad consisting of polyposis of 
the colon, osteomas, and connective tissue tumors. It is transmitted by autosomal 
dominant inheritance. 

The one and only case listed in Tables 1 and 2 was chondrosarcoma of the hyoid. 
This case was the answer from Dr. Dahlin. 

In patients with Gardner syndrome, a number of cases with desmoids but few cases 
of fibrosarcoma have been reported (RSdl, 1979). To our best knowledge, however, 
no case with chondrosarcoma has been described. Therefore, whether or not the 
coexistence of chondrosarcoma in Gardner syndrome is more than coincidental is as 

yet uncertain. 
In conclusion, while the coexistence of some malignant tumors in congenital bone 

disease might be merely coincidental, in some combinations there may be a potential 
interrelationship between the two conditions. The full answer to the question awaits 
further investigation, but we believe a first step in the resolution would be to collect 
data on as many such cases as possible, 
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