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ABSTRACT

A search of the Cancer Family Registry of the National Cancer
Institute revealed 24 kindreds with the syndrome of sarcoma, breast
carcinoma, and other neoplasms in young patients. Cancer developed in
an autosomal dominant pattern in 151 blood relatives, 119 (79%) of
whom were affected before 45 years of age. These young patients had a
total of 50 bone and soft tissue sarcomas of diverse histological subtypes
and 28 breast cancers. Additional features of the syndrome included an
excess of brain tumors (14 cases), leukemia (9 cases), and adrenocortical
carcinoma (4 cases) before age 45 years. These neoplasms also accounted
for 73% of the multiple primary cancers occurring in 15 family members.
Six of these patients had second cancers linked to radiotherapy. The
diversity of tumor types in this syndrome suggests pathogenetic mecha-
nisms which differ from hereditary cancers arising in single organs or
tissues. The syndrome is presently diagnosed on clinical grounds; labo-
ratory markers are needed to identify high-risk individuals and families
and to provide insights into susceptibility mechanisms that may be shared
by a wide variety of cancers.

INTRODUCTION

In 1969, we described 4 families with an autosomal dominant
pattern of soft tissue sarcoma, breast cancer, and other neo-
plasms in children and young adults (1). This cancer family
syndrome (Li-Fraumeni syndrome; SBLA syndrome) has been
observed in a few anecdotal reports and in the families of
unselected series of children with sarcoma (2-16). Our analysis
of 24 affected families extends the literature on the disorder
and further defines its component neoplasms.

SUBJECTS AND METHODS

We examined the Cancer Family Registry of the Epidemiology
Branches, National Cancer Institute, for families with sarcoma, breast
cancer, and other neoplasms occurring in children and young adults
(17). Eligibility for this study was limited to families with 3 close
relatives in whom cancer was documented by review of available hos-
pital and pathology records, death certificates, and histopathology
specimens. These family members included one individual, designated
the proband, with a sarcoma before 45 years of age; a first degree
relative with cancer in this age interval; and another close (first or
second degree) relative in the lineage with either cancer at this age
interval or a sarcoma at any age. For each study family, an abstract was
made of the demographic and medical data for cancer patients in the
affected lineage. The primary tumor site and histology were ascertained
from the composite records. Patients were diagnosed with multiple
primary cancers on the basis of review of the pathology slides or report
for each neoplasm; bilateral breast carcinoma was counted as a single
neoplasm. Records were unavailable for 27 patients, mostly elderly and
distant relatives, who were thought to have developed cancer. These
neoplasms were excluded from analysis, along with 3 skin carcinomas,
2 bilateral intraductal breast carcinomas, 1 in situ carcinoma of the
cervix, and all benign tumors.
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A total of 24 families in the Registry (8 previously reported) were
eligible for the study (Table 1) (1, 18-21). Twenty-one families are
white, 2 are black, and 1 is American Indian. The pedigrees of these
kindreds, as recorded in the Registry, were examined for cancer occur-
rence among the 923 enumerated blood relatives in the affected parental
line; no excess cancers were discerned in the other parental line of the
proband. After excluding the undocumented and noninvasive tumors,
the study series was composed of 151 patients who developed a total
of 169 neoplasms. The first cancers among the patients were examined
separately from subsequent cancers. Initially, the analysis was limited
to sarcoma and breast cancer before age 45 years, the cardinal features
of the syndrome. To identify additional components of the syndrome,
the distributions of other forms of cancers, before age 45 and =45, were
compared with corresponding data for the general population (22).
Second and subsequent primary cancers were examined in particular
for the carcinogenic effects of prior tumor therapy.

RESULTS

Among the 151 cancer patients, 119 (79%) were affected
before 45 years of age (Table 1). The high proportion of young
patients persisted after excluding the 72 cancer cases who
qualified the 24 families for this study (119 — 72/151 — 72 =
59% versus 10% of all cancers occurring before age 45 in the
general population) (22). Breast cancers occurred only in fe-
males, and several other cancers showed a slight male predom-
inance. There were 15 patients with multiple primary cancers.

The diverse forms of cancer in family members were analyzed
individually, with attention to the neoplasms in children and
young adults. The index tumor, sarcoma, developed as the first
cancer in 55 patients (median, 2.3 sarcomas/family) (Table 2).
Fifty of them (91%) were affected before age 45 years, often in
childhood. The primary site was more often in soft tissues than
in bone; both forms of sarcoma developed in 9 families. The
soft tissue sarcomas arose at a wide range of ages and anatomic
regions and were diverse in histology. Bone sarcomas in 19 of
23 patients arose in lower limbs between the ages of 5 and 28
years. There were 18 patients with osteosarcoma, but none had
a Ewing’s sarcoma which accounts for nearly one-third of bone
sarcomas in the general population (23).

The other major component of the syndrome, breast carci-
noma, developed as the first cancer in 36 members of 16
families. The majority (78%) was affected before age 45 years
when, in the general population, only 12% of all breast cancers
occur (22). Ten patients had bilateral metachronous breast
cancers, usually starting at early ages (median, 33 years; range,
22-47). Infiltrating ductal carcinoma of the breast was the
predominant histological type. Ten breast cancer patients (29%)
had at least 1 offspring who developed a sarcoma.

Additional components of the syndrome were sought in the
41 patients under age 45 years whose first cancer was a neo-
plasm other than sarcoma and breast carcinoma. There were
14 patients with brain tumors, 8 with leukemia, and 4 with
adrenocortical carcinoma (Table 2). Family members had an
excess of these neoplasms when compared with persons before
age 45 years in the general population (Table 3) (22). The
syndrome appears to encompass these 3 cancers, but not other
cancers in young patients.
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CANCER FAMILY SYNDROME

Table 1 Cancer occurrence among 923 members of 24 families®

No. of patients with cancer”

‘("::“llz' (no. affected before age 45 years)
blood line)® Documented Unconfirmed
1(33) 16 (14) 32
2 (44) 50 3()
3(53) 7 (6) 2
4 (46) 5@4) 3(1)
5(176) 17 (13) 3
6(7) 5(5) 0
7(24) 313 0
8 (63) 8 (5) 0
9(29) 7 (6) 1
10 (25) 333 1
11 (6) 4(4) 0
12 (5) 44) 0
13 (29) 5@3) 1
14 (47) 5@4) 0
15(114) 13 (4) 0
16 (35) 54 2(2)
17 (32) 8 (6) 2
18 (19) 7(7) 1
19 (27) 7@3) 0
20(12) 5(5) 0
21 (69) 3(3) 1
22(9) 32 0
23 (11) 333 4(2)
24 (13) 303 0
Total (923)¢ 151 (119) 27(8)

“ Fifteen patients developed multiple primary cancers.

® Previous reports of Families 1-8: 1-4 (1, 31); 5 (20); 6 (19); 7 (21); and 8
(18).

¢ Skin and in situ carcinomas excluded.

“ Includes persons born after initial ascertainment.

Table 2 Cancers in 151 patients, by tumor type and age at diagnosis®

Age at diagnosis (yr)

First tumor 0-14 15-29 3044 >44 All (0-44)
Sarcoma

Soft tissue® 17 4 7 4 32(28)

Bone® 9 13 (1] 1 23(22)
Breast’ 0 10 18 8 36 (28)
Brain® 4 8 2 0 14 (14)
Leukemia” 7 1 0 1 9(8)
Adrenocortical 4 0 0 0 44)
Lung 0 1 1 5 7)
Pancreas 0 0 1 3 4(1)
Colorectal 1 0 0 2 3(1)
Prostate 0 0 0 3 3(0)
Lymphoma 0 2 0 1 3(2
Stomach 0 0 2 0 2(2)
Other 2 3 2 4 11(7)
All cancers 44 42 33 32 151 (119)

? Excludes unconfirmed and in situ cancers, benign tumors, and second and

third primary cancers in 15 patients.
Rhabdomyosarcoma in 11 patients, leiomyosarcoma in 9, liposarcoma in 2,

fibrosarcoma in 2, and other and unspecified in 8.

¢ Osteogenic sarcoma in 18 patients, chondrosarcoma in 3, and giant cell
tumor of bone in 2.

“ Infiltrating ductal carcinoma in 24 patients, mixed tumors and unspecified
carcinomas in 12.

¢ Gliomas in 9 patients and 1 each of medulloblastoma, ependymoma, spon-
gioblastoma, choroid plexus tumor, and unspecified cerebellar tumor.

7 Acute lymphocytic leukemia in 6 patients, acute myelocytic leukemia in 2,
and chronic myelocytic leukemia in 1.

Among the 32 neoplasms in family members ages 45 years
and over, 13 were sarcomas and breast cancers (Table 2). Most
of the other tumors arose in the lung and digestive tract, as
expected in an older population.

Abbreviated pedigrees show 148 of the 151 documented
cancers in the affected lineage of the 24 families (Fig. 1); the
other 3 cancers occurred in distant relatives. The pattern of
multiple affected generations in all but one family (Family 7) is
consistent with autosomal dominant transmission. Twenty-one
families had diverse cancers affecting close relatives, and the
remainder (Families 7, 21, and 22) had sarcoma only.

Table 3 Distribution of cancers other than sarcoma and breast cancer, ages 0-44
years, in 41 family members and the United States population®

% of all cancers,
ages 0—44 (no. of patients)

United States
Tumor 24 families population
Brain 34(149) 7
Leukemia 19 (8) 8
Adrenocortical 10 (4) <1
Lung 5(Q) 7
Stomach 502 1
Lymphoma 5(Q) 5
Other 22(9) 72
Total 100 (41) 100

? Ref. 22.
% One each of Wilms’ tumor, neuroblastoma, and carcinoma of the pancreas,
thyroid, thorax, larynx, uterus, ovary, and colon.

Multiple primary cancers, excluding bilateral breast cancer,
developed in 15 members of 11 families (Table 4). The first
cancer was usually diagnosed at an early age (median, 22 years;
range, 1-62 years), and in 11 patients (73%) it was a component
tumor in the syndrome. These component tumors also com-
prised 12 of the 18 subsequent cancers (Cases 4, 5, and 15 each
had a total of 3 primary cancers) among those with multiple
primaries.

Seven of the subsequent cancers in 6 patients arose within
the radiotherapy field. The cancers arose between 2 and 14
years after radiation exposure and were of histological types
reported in other irradiated groups (24). These neoplasms are
attributable to both host factors and radiation effects, suggest-
ing that susceptibility to radiation carcinogenesis may be a
feature of the syndrome.

The families had no identifiable exposures to environmental
carcinogens other than radiation to account for the cancer
cluster. None had a predisposing genetic disease such as hered-
itary retinoblastoma, von Recklinghausen’s neurofibromatosis,
and Werner’s syndrome, but Family 7 had osteosarcoma asso-
ciated with skeletal anomalies, macrocytosis, and suspected
parental consanguinity (21, 25-27).

DISCUSSION

Our study increases the literature on this cancer family syn-
drome from 21 to 45 reported kindreds (Table 5) (2-12). Both
our series and the published data demonstrate the major fea-
tures of the syndrome: autosomal dominant pattern of diverse
neoplasms in children and young adults; predominance of soft
tissue sarcomas, osteosarcoma, and breast cancer; excess of
brain tumors, leukemia, and adrenocortical carcinoma; occur-
rence of the component neoplasms as multiple primary neo-
plasms in young family members (Tables 2, 4, and 5) (2-16,
28). Our data fail to show the finding in other published reports
of associations with melanoma and carcinomas of the prostate,
lung, and larynx, perhaps because of the small numbers of older
family members in our series (7, 15).

Familial aggregates of cancer are often due to chance asso-
ciation. The lifetime risk of cancer exceeds 25% among the 240
million persons in the United States (29). Therefore, striking
familial clusters of cancers may occur simply by random distri-
bution. Chance aggregates are usually composed of older pa-
tients with the common cancers, such as carcinomas of the
breast, respiratory tract, and digestive tract. In our families,
chance is an unlikely explanation for the breast cancers which
occurred predominantly in mothers of sarcoma cases and in
young women as bilateral and multiple primary cancers. The
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Fig. 1. Pedigrees of the 24 families. Shown are the proband in each family, all first-degree relatives and abridged portions of the extended pedigree of the affected
blood line. Both spouses are shown in generation I and in each subsequent generation along the family line to the proband. Each patient is identified by a family,
generation, and case number. Symbols for the cancer types are: *, multiple primary cancer (see Table 4); A, adrenocortical carcinoma; B, breast cancer, unilateral; BB,
breast cancer, bilateral; CN, central nervous system (brain) tumor; CO, colon cancer; F, female genital tract; G, gastric; H, head and neck; KX, kidney; L, leukemia; LG,
lung; LY, lymphoma; M, miscellaneous types of cancers; NS, not specified; OS, osteosarcoma; P, pancreas; PR, prostate; S, soft tissue sarcoma; TH, thyroid. Number
below each tumor type represents age at diagnosis or death if available (age at first cancer is shown for those with bilateral breast cancer and multiple primary tumors).

other components of the syndrome are uncommon neoplasms lected for the occurrence of sarcoma, breast cancer, and other

with population incidence rates that range from 0.3/million for neoplasms in children and young adults. Anecdotal reports of

adrenocortical carcinoma to 4/100,000 for leukemia in child- affected families in the literature may also have similar biases.

hood (30). Nevertheless, our series of families was highly se- Analytical epidemiology studies have formally excluded
5360
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CANCER FAMILY SYNDROME

Table 4 Multiple primary cancers in 15 family members

Family-generation-

patient no. First tumor Subsequent tumors
(see Fig. 1) (age in yr) (age in yr)
1-1V-8 Larynx carcinoma (35) Lung carcinoma (39)
1-111-1 Prostate carcinoma (62) Leiomyosarcoma® (66)
2-Iv4 Liposarcoma (12) Leiomyosarcoma® (26)
2-1v-1 Bilateral breast carcinoma (29, 36) Mesothelioma® (40)
Fibrosarcoma® (41)
3-11-2 Bilateral breast carcinoma (22, 36) Thyroid carcinoma (30)
Ovarian carcinoma (50)
4-1V-1 Rhabdomyosarcoma (2) Glioma (5)
5-VI-1 Osteosarcoma (13) Brain tumor (25)
5-VI-3 Schwannoma (3) Osteosarcoma® (13)
5-V-2 Leiomyosarcoma (23) Bilateral breast carcinoma (25)
8-111-10 Glioblastoma (26) Acute leukemia® (28)
9-111-5 Osteosarcoma (15) Soft tissue sarcoma (18)
12-11-2 Adrenocortical carcinoma (1) Glioma (19)
13-11-5 Leiomyosarcoma (34) Leiomyosarcoma (41)
17-11-2 Duodenal carcinoma (47) Bladder carcinoma (52)
24-11-6 Breast carcinoma (24) Ovarian granulosa cell tumor (28)
Glioblastoma (29)

* Subsequent cancer arose within the field of radiotherapy for the first cancer.

Table 5 Published descriptions of the cancer syndrome in 21 families®

No. of patients, by age
(no. with second cancers)

Tumor 0-44 >44 Unknown Total

Sarcoma

Soft tissue 14 (6) 3(2) 17 (8)

Bone 17 (5) 1 18 (5)

Unknown site 9(2 9(2)
Breast 28 (2) 13 5 46 (2)
Brain 19 4 2 25
Leukemia 7(1) 2 1 10(1)
Adrenocortical 9 9
Other’ 9(1) 29 (5) 3 41 (6)
All cancers 112(17) 52(7) 11 175 (24)

® Refs. 2-12.

% Ten colon cancers; 4 ovarian; 3 lung; 3 prostate; 2 each of melanoma, larynx,
liver, and lymphoma; 1 each of pancreas, gallbladder, testis, kidney, and thyroid;
and 8 unspecified tumors.

chance as the explanation for the familial association of sar-
coma with other cancers. Williams and Strong (15) showed by
segregation analysis that 9 of 159 families of children with
sarcoma had an autosomal dominant pattern of cancers. Cancer
developed in one-half of these high-risk family members by age
30 years and in 90% by age 60. Other population-based studies
of children with soft tissue and bone sarcomas (osteosarcoma
and chondrosarcoma) have shown that their mothers have a 3-
fold excess of breast cancer at young ages (13, 14). In addition,
a follow-up study of our original 4 families (Families 1-4) from
1969 to 1981 has shown that 16 new cancers developed among
family members when less than 1 case was expected (31). A
similar follow-up of this series of 24 families should provide
additional data on cancer risk in the syndrome.

The locus of the gene(s) for this inherited cancer syndrome
is unknown. Cytogenetic analyses of somatic cells from affected
family members have been unrevealing, and fresh sarcoma
tissue from affected families are rarely available for study.
However, cytogenetic studies of sporadic soft tissue sarcomas
have shown nonrandom translocations that correlate with the
histological subtype (32, 33). In addition, molecular studies
have revealed loss of heterozygosity on the short arm of chro-
mosome 11 in childhood rhabdomyosarcomas and homozygous
deletions involving the locus of the retinoblastoma (Rb-1) gene
on chromosome 13q14 among soft tissue sarcomas in several
adults (34, 35). Loss of alleles in chromosomes 11p and 13q
has also been found in breast cancers but has not been shown
to be involved in the syndrome affecting our families (36, 37).

This cancer family syndrome is composed of at least 6 forms
of cancer and differs from the majority of hereditary cancers
which tend to be tissue-, histology-, and site-specific (38, 39).
Knowledge of the biological basis of this unusual syndrome will
enhance understanding of the pathogenesis of several childhood
cancers and breast cancer, the commonest neoplasm among
women in the United States and elsewhere. Progress depends
in part on the availability for study of affected families and
their tumor specimens. For these families and perhaps other
kindreds with less conspicuous manifestations, identification of
a predisposing gene(s) or other markers of susceptibility may
be useful in early cancer detection, genetic counseling, and
prenatal diagnosis.
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